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PREFACE.

In this Manual on the subject of the Distillation of sea 

water and other impure waters, so as to procure Pure 

Water for drinking purposes, and indeed for any other 

purpose for which pure water may be required, I have 

endeavoured first to explain the abstract principle of 

the process, and then to give some practical idea of the 

machinery that is required.

With regard to the Principle of distillation, in order 

to explain this properly, I have found it necessary to 

treat of the fundamental subjects, Water, Steam, and 

Fuel. I have then endeavoured to show that the cost 

of obtaining distilled water (i.e., the amount of fuel used 

in the process) is, in point of fact, but a debit and credit 

account of the heat that is used, in other words, an account 

of the heat given and returned from first to last.

With regard to the Machinery, I give a general 

explanation of the different systems under which various 

types of apparatus operate, so far as. they are all governed 

by the laws of nature, on the three cardinal points above 

alluded to; but to give in detail the construction of the 

various types supplied is quite beyond the object of this 

book. If further information is required as to any 

particular variety of apparatus, application should be 

made to the maker for his pamphlet dealing with the same.

To a considerable extent I have beeil obliged to base 

the details I have given on personal experience in the
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construction and working of this class of machinery, as 

there is not, so far as I am aware, any publication 

which deals with this subject with anything approaching- 

exhaustiveness.
Much technical phraseology is naturally involved in 

giving a scientific explanation of this subject, but I have 

tried to put the same in as simple language as possible, 

hoping thus to make the book not only useful and 

interesting to experienced engineers, but also easily 

intelligible to students, and indeed to anyone desirous 

of obtaining some information concerning distillation.

The Tables I have given may be considered somewhat 

diffusive, but this amplification is due to my desire 
to assist possible research under more or less novel 

conditions.

In conclusion, I feel that some apology should come 

from me to the engineering profession, for this attempt 

to deal with a subject which is theirs, when my 

profession is an entirely different one.

F. NORMANDY.

2 Pl o w d e n  Bu il d in g s , 

Te mpl e , E.C., November, 1909.
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SEA WATER DISTILLATION.

CHAPTER I .

GENERAL OUTLINE AND DESCRIPTION OF 

DISTILLATION.

Distillation Explained.

1. Dis t il l a t io n , as applied to sea water, is a process in 

which the water contained in sea water is converted into 

steam or vapour by the action of heat, which is absorbed, 

and such steam or vapour, thus generated, is then recon­

verted into water, by having its heat abstracted and ab­

sorbed by some cooling agent, say cold sea water. The 

water only is affected by its conversion into steam or 

vapour, and its reconversion into water. The sea water 

thus has its saline matter separated from the ordinary- 

water. The steam produced is simply water in its pure 

and gaseous state, and as soon as its heat (usually called 

its latent heat) is abstracted from it, it liquefies or becomes 

water again, or what is called distilled water.

2. The process of sea water distillation, therefore, in­

volves two distinct operations, viz. :—First, Vaporisation, 

or the conversion of the water from a liquid to a gaseous 

state ; and secondly, Liquefaction, or the reconversion of 

the vapour from a gaseous to a liquid state. By the above 

process the saline matter and all non-volatile substances
1



2 SEA WATER DISTILLATION.

are separated and left to remain in the sea water operated 

upon, so as to increase its strength by the amount of saline 

matter so left.

Decomposition Distinguished.

3. It is important to bear in mind that distillation is a 

totally different thing from, decomposition. In the process 

of the distillation of sea water, the steam that is generated 

from the water is still really water, but in a very finely 

divided state—that is, a collection of minute particles of 

water—the composition of which is still the two gases 

hydrogen and oxygen, in the same proportion to each 

other—i.e., two atoms of hydrogen to one of oxygen, 

which combine to form water. To reunite these two 

gases when once separated, condensation, as above al­

luded to, is of no avail; heat, in the form of ignition, 

is needed to recombine these two gases, and then the re­

union takes place with explosive force, but not imparting 

heat, as will be seen when we are dealing with fuels.

Principle of Distillation.

4. The whole principle which underlies this process of 

distillation is, that the amount of heat required to convert 

a given quantity of water into vapour is returned as soon 

as that vapour is reconverted into water again. The 

object of the following pages is to explain this matter in 

detail, as applied to the distillation of sea water.

Note.—As distillation can only remove or separate from 

sea water such substances as are not vaporisable—e.g., 

its saline matter—it follows that water that is greasy, or 

water that contains objectionable matter, if vaporisable, 

will not be freed of such matter by distillation. Vapour



g e n e r a l  o u t l in e  a n d  d e s c r ipt io n .
3

from the oil or grease will come over with the steam. 

But, on the other hand, although the vapours alluded to 

coming over with the steam may be objectionable to the 
taste, the process of evaporation may have the effect of 
destroying all poisonous matter.

Filtration.

5. Filtration, although capable of separating substances 

iat may be mechanically suspended in water, is not effi­

cient in removing any saline matter dissolved therein, and 
although the saline matter can be removed by chemical 

agency, distillation is the only really practical manner in 
U uch pure water or fresh water can be procured from 
sea water.

° Boilers.n 

usually applied to an 

t or

“Evaporators” and

I he term '‘Evaporator” is 

apparatus where the heat used for generating steam cr 

WL°Ur fr°m the Sea Water is derived from steam heat. 
Where such heat is otherwise supplied—say by the com- 

ustion of coal, or wood, or oil, or any kind of fire., the 

erm Boiler ” is generally applied. In the Board of 

rade Rules evaporators are practically subject to the 

same rules in the details of construction as boilers.

Use of Distilling Machinery.

7. Sea-water distilling machinery is largely used, not 

only at sea on steam ships, but also on land, the apparatus 

eing placed either on shore, so as to deal with the ad­

jacent sea water, or it is placed more inland, the purpose 

>eing to deal with water whose impurities are such as to 

len er it objectionable for the purposes it is required for.
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S E A  W A T E R  D IS T IL L A T IO N .

(a )  U s e  o n  S t e a m  S h i p s .

8 . F o r '^  s te a m  sh ip s g e n e ra lly , th e re a re tw o p u rp o se s  

fo r  w h ich  w a te r  d is tille d  fro m  th e  se a  is re q u ire d . First, 

F re sh w a te r is o b v io u s ly  re q u ire d fo r th e d rin k in g p u r ­

p o se s o f th e  c re w  a n d  p a sse n g e rs , fo r a lth o u g h  a  su p p ly  

o f fre sh  w a te r m a y  b e  c a rrie d  o n  b o a rd , a n d  re p le n ish e d  

w h e n  c a llin g  a t  d iffe re n t p o rts , s till th is is n o t  su ffic ie n t to . 

sa tis fy  re q u ire m e n ts . Secondly, A n d  th is is h a rd ly  a  le ss  

im p o rtan t re q u ire m e n t  fo r  p u re  w a te r o n  b o a rd  sh ip , is its  

p ro d u c tio n  to  m a k e  u p  fo r  lo ss o f d is tille d  w a te r b y  w a ste ­

in  its  u se  fo r fe e d in g  th e  w a te r- tu b e  b o ile rs  o n  b o a rd .

D rin k in g W a te r— Q u a n tity .

9  T h e  q u a n tity  o f fre sh  w a te r c o n s id ere d  su ff ic ie n t fo r  

d rin k in g  p u rp o se s  a n d  o th e r u su a l re q u irem e n ts n a tu ra lly  

v a rie s a g o o d  d e a l a c c o rd in g  to  c ircu m sta n c es , a n d  it is  

d iff icu lt to  g iv e a ru le a p p lica b le to a ll c a ses . A  f irs t- 

c la ss B a ttle sh ip  in  H .M . se rv ic e , h a v in g  a c re w  o f, sa y , 

5 0 0 m e n , is a llo w e d a b o u t 1 2 to n s o f fre sh w a te r p e r  

tw en ty -fo u r h o u rs fo r d rin k in g p u rp o ses , & c . F o r la rg e  

O c e a n L in e rs , a b o u t 3 ,0 0 0 to 5 ,0 0 0 g a llo n s p e r tw e n ty -  

fo u r h o u rs is n o t a n u n c o m m o n su p p ly o f fre sh w a ter  

to  b e  a llo w e d .

L o ss o f F re sh W a ter o n S h ip s .

1 0 . T h e  e x h au s t  s te a m  fro m  th e  e n g in es  o n  b o a rd  is  c o n ­

d e n se d  b y  su rfa ce  c o n d e n se rs , a n d  su c h  w a te r is re tu rn e d  

to  th e b o ile r fe e d  ta n k s  ; b u t d is tillin g  a p p a ra tu s is re ­

q u ire d  to  m a k e  u p  lo ss b y  le ak a g e .

T h is lo ss o f fre sh w a te r o n s te a m  sh ip s h a s b e e n  

v a rio u sly  e s tim a ted  a s  a m o u n tin g  to  so m e th in g  lik e  8  to n s  

(a b o u t 1 ,8 0 0 g a llo n s ) p e r tw e n ty -fo u r h o u rs p e r 1 ,0 0 0 -
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I .H .P .  i n  H .M . s h ip s . T h e  C o m m it t e e  a p p o in t e d  o n  t h e  

s u b je c t o f N a v a l B o i l e r s  i n  t h e  s e r v ic e  r e p o r t e d  t h a t a s  

m u c h  a s  6  t o n s  p e r  tw e n ty - f o u r  h o u r s  p e r 1 ,0 0 0  I .H .P ,  

w a s  a  f a i r  e s t im a te  o f  t h e  l o s s  o f  f r e s h  w a te r .

(6) U s e  o n  L a n d .

1 1 . F o r  L a n d  u s e , d i s t i l l in g  m a c h in e r y  i s  m o s t ly  r e q u ir e d  

l o r  p r o c u r in g  d r in k in g  w a te r ,  a n d  s u c h  m a c h in e r y  i s  u s u a l ly  

i n s t a l l e d  n e a r  t h e  s e a  s h o r e  a t  p o in t s  o f  t h e  g lo b e  w h e r e  

p u r e  f r e s h  w a te r  i s  i n  g r e a t d e m a n d . B u t l a n d  a p p a r ­

a tu s  i s o f t e n  u s e d  f o r p r o d u c in g  p u r e  w a te r f o r o th e r  

p u r p o s e s , a s a l r e a d y  s a id — n a m e ly , f o r i n d u s t r i a l u s e s  

— a n d  i n  t h a t c a s e  t h e  s y s te m  o f w o r k in g  t h e  d i s t i l l i n g  

m a c h in e r y  c a n  b e  a d v a n ta g e o u s ly  v a r i e d  s o  a s t o  b e  

a d a p te d  t o  t h e  r a th e r  d i f f e r e n t c o n d i t io n s  p r e v a i l in g  o n  

l a n d  f r o m  w h a t e x i s t o n  b o a r d  s h ip . T h u s , o n  a  s t e a m  

s h ip  t h e r e  i s  n e c e s s a r i l y  a  d e a r th  o f a v a i l a b le  s p a c e , a s  

c o m p a r e d  w i th  a  l a n d  s t a t i o n  ; a g a in , o n  a  s t e a m  s h ip  

t h e  o n ly  h e a t a v a i la b l e  i s  s t e a m  h e a t , w h il s t o n  l a n d  i t  

i s p o s s ib le  t o  h a v e a  s u i ta b le  b o i l e r , w i th  a  c o a l f i r e ,  

f o r s u p p ly in g  t h e  i n i t i a l h e a t r e q u i r e d  f o r d i s t i l l a t i o n . 

B y  t h i s  m e a n s m u l t ip le  d i s t i l l a t i o n  a p p a r a tu s ( t r e a t e d  

o f  i n  C h a p te r  x i . ) >  a l th o u g h  d i f f i c u l t t o  c a r r y  o u t s a t is ­

f a c to r i ly  o n  a  s t e a m  s h ip , c a n  b e  i n s ta l le d  o n  l a n d  w i th  

t h e  g r e a t e s t e a s e  a n d  a d v a n ta g e . T h e  w a te r  t h u s  p r o ­

d u c e d  c a n  a l s o  b e  p r o d u c e d  a s  i t i s  r e q u i r e d , f o r i t i s  

s o m e t im e s  d i f f i c u l t t o  s to r e  a  l a r g e  s u p p ly  o f  w a te r , a n d  

a t  t h e  s a m e  t im e  k e e p  i t  f i t f o r  d r in k in g  p u r p o s e s .

1 2 . T h e  p u r p o s e s  f o r  w h ic h  d i s t i l l e d  w a te r  i s  p r o d u c e d  

o n  l a n d  a r e  a s  f o l lo w s  :— F o r  d r in k in g  ( w h e n  t h e  d i s t i l l e d  

w a te r  i s u s u a l ly  f i l te r e d  a n d  a e r a te d ,  * s o  a s  t o  m a k e  i t  

a g r e e a b le t o  t h e  t a s te  a s  w e l l a s  p u r e ) , a n d  f o r  i n d u s t -
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rial purposes (when filtration and absence of aeration are 

not only unnecessary but indeed objectionable), such 

as the feeding of water-tu be boilers, the manufacture of 

mineral waters—i.e., in connection with mineral water 

making machinery, making ice, and in connection with 

accumulators and storage batteries at electrical gener­

ating stations, laundries, &c. These are the principal 

uses for distilled water.

13. The distilled water is made, not only from sea 

water, but also from any water that has saline matter 

dissolved in quantities that make the quality of such 

water objectionable for the use it is required.

General Object of this Book.

14. The object of this work, being intended to give 

some practical information regarding the distillation of 

sea water and impure water, it is now proposed to de­

scribe in detail the various parts of a distilling apparatus, 

first as ordinarily in use in steam ships—that is, not only 

in H.M. service, but on liners and yachts—and then to 

describe the types of distilling machinery mostly used 

on land, where the conditions of working are somewhat 

different from those prevailing on steam ships.



CHAPTER II .

TYPES OF DISTILLING- APPARATUS.

(a) Fo r  St e a m Sh ips .

Description of Double Distilling Apparatus.

1. Fo r  steam ships, the usual class of distilling machinery 

is what is known as Double Distilling apparatus. This 

class of apparatus consists of an Evaporator with a Dis­

tiller (or Distilling Condenser, as it is sometimes called). 

These are the main parts of the apparatus. The steam 

from the boiler, or exhaust steam pipes on board, is 

supplied to the evaporator so as to enable it to generate 

an extra or gained supply of steam from the sea water 

it evaporates, and such steam is conducted into the 

distilling condenser, where it is condensed into pure 

distilled water.

The Filter and Steam Pump.

2. To complete the distiller, and to render the distilled 

water palatable, a filter is included, and (although not 

always necessary, as will be shown further on) a steam 

pump is included, the functions of which are to force the 

circulation water through the distilling condenser, and to 

pump away the brine from the evaporator, also to pump 

the drinking water produced to where desired. Such 

brine has to be cooled and diluted, and then pumped out 

to sea, as it would be objectionable for it to run into the 

bilge of the ship.
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Evaporator Feed Pump.

3. A force pump is sometimes also required to feed the 

evaporator—that is, when it works under pressure— 

otherwise the evaporator feed may be allowed to gravi­

tate into the evaporator without the need of forcing it 

in by means of a special pump. The fresh-water pump 

usually takes the water from the filter and forces it into 

the drinking water tanks,, but this distilled water can be 

diverted from the filter, and be run or pumped elsewhere 

to add to the boiler feed-water if desired.

Gained Steam—Discharge of.

4. At one time it was customary for the evaporator on 

board to discharge its gained steam—that is, the steam 

or vapour it has generated from sea water—direct into 

the surface condenser on board, instead of into the dis­

tilling condenser as above described. This, as will be 

shown hereafter, requires more or less special appliances, 

as the surface condenser is worked under atmospheric 

pressure more or less variable, whereas the distilling con­

denser ordinarily works at atmospheric pressure.

Fixing above and below Water Line.

5. From the above summary description of a double 

distiller as used on steam ships, it will be seen that a 

rather different system of working may be adopted, 

according as the apparatus is placed either above the sea 

water line—that is to say, placed on an upper deck—or 

is placed below the sea water line, say in the engine-room.

6. In the first case the fresh water, as it is produced, 

can flow into a tank alongside of, or just below, the 

apparatus, and then pipes may be laid for the fresh water



TYPES OF DISTILLING APPARATUS. 9

to be distributed about the ship as may be desired. 

Again, for the same reason, the brine, instead of having 

to be diluted and cooled and then pumped out to sea, 

may be allowed to gravitate away from the apparatus 

(as it leaves the evaporator) out to sea without any 

necessity of cooling, or diluting, or pumping.

7. On liners the circulating pump is often dispensed 

with, as the sanitary pump on board is used to supply 

the circulation water, so that the distilling apparatus 

thus reverts to its main elements—viz., the evaporator 

and distilling condenser—with its filter (if water of the 

best quality for drinking is required). The Board of 

Trade Rules provide for this.

On H.M. Ships.

8. On H.M. Ships it would not be expedient to place 

the distilling apparatus on an upper deck, where such 

important machinery might be shot away in action. It 

is. therefore, invariably fixed, not only in the engine 

room, but also in the protected part of the ship, hence 

the necessity of the various auxiliary parts above re­

ferred to, including also such accessories as feed-water 

regulators and heaters, to obtain as far as possible auto­

matic working, and economy of fuel.

Duplicate Sets.

9. To the above, it may be added that on H.M. ships 

it is usual to have duplicate sets of distilling machinery, 

working on the lines above referred to. These sets are 

made, not only of the same power, but in duplicate, so 

that any part of one set may be correspondingly used in 

the other set. For convenience these two sets are placed



one in each engine-room—that is, one on the starboard 

side and the other on the port side.

Note.—The above description of the Double Distiller 

for use on steam ships is intended for the present to be a 

mere outline of the type ordinarily used at sea. The 

various parts referred to will, later on, be dealt with in 

detail, and the system of working be more thoroughly 

explained.

(Z>) Fo r  La n d  St a t io n s .

10. For land apparatus the double distillation type, 

working very much in the same manner as just explained 

for ships, may be used, but besides apparatus of double 

distillation type, there is the type usually called single 

distillation, which is less economical of fuel than the 

double distillation (if fuel economy is not required), 

whilst there are types, usually referred to as Treble, 

Quadruple, and Multiple distillation, which are consider­

ably more economical of fuel than the Double distilla­

tion apparatus. These will be described more fully later 

on.

Uses for Land Apparatus.

11. The uses to which distilling machinery on land is 

put are very numerous. Large installations, generally of 

the multiple distillation type, are most common abroad, 

where the apparatus is placed on the sea shore. The sea 

water is pumped up from the sea, and is then converted 

into fresh water, mostly for drinking, but the production 

of pure water from sea water, or from other water im­

pregnated more or less with saline matter, is obtained 

from distilling machinery of various types. Thus at 

places like Aden, the sea water is distilled into fresh
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water for the use of passing steam ships, either for drink­

ing purposes or for storage for feeding the boilers on 

board, and for this latter purpose the fresh water has to 

be absolutely pure to meet the exigencies of the water­

tube boilers. (For further uses see p. 5.)

Small Apparatus.

12. The need of very pure water is also felt at elec­

trical generating stations, as the ordinary town water is 

very unsatisfactory for use in connection with accumu­

lators or storage batteries. The quantity of absolutely 

pure water required is, however, so small that the dis­

tilling machinery suitable for the purpose has to be 

reduced to the proportions capable of yielding as little 

as 20 to 30 gallons daily. This is, however, met by 

having a small double distiller, worked off the steam of 

any boiler that is available. If there is no ordinary 

boiler available, then the distilling apparatus has to 

make its own steam by means of a miniature boiler, or 

steam generator, working with a distilling condenser, 

the former being worked by the heat obtained from an 

ordinary gas stove of suitable size to generate the 

quantity of steam required.

13. The above type of small distiller can also be worked, 

by a gas or oil stove for producing pure cold drinking 

water from water that is not considered sufficiently pure 

for such purpose.

Automatic Working.

14. These very small distilling plants, whether worked 

with the steam from a boiler, or adapted to working with 

a gas or oil stove, are generally made to work automati­

cally, as the necessity of having someone deputed to give
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constant attention to the working and manipulation of 

the apparatus would entail expense and trouble that 

might be objected to for so small a supply of water. 

This type of apparatus will be referred to more in detail 

later on.

Quality of Water Produced.

15. Before leaving the present general review of the 

purposes for which distilling machinery is used, it is well 

to say a few words regarding its purity, as there are 

grades of quality, some being good enough for one pur­

pose, but not for others. Pure water means water that 

is absolutely pure, but a very small amount of saline 

matter may be carried over with the steam, by what is 

termed priming, so that distilled water, passable for 

drinking purposes—that is, not containing sufficient 

saline matter to condemn it for such use—might be 

considered very objectionable if the distilled water is 

required for, say, feeding water-tube boilers, or for use 

in connection with accumulators, where water of absolute 

purity is required.

16. The composition of sea water is more fully dealt 

with in the next chapter, but we must just anticipate 

matters slightly, for the purpose of dealing with the 

quality of the distilled water after its saline matter has 

been separated. This saline matter will be found to be, 

for the most part, chlorides generally, and particularly 

chloride of sodium, or common salt.

Qualitative Analysis.

Testing /or Saline Matter.

17. The test for chlorides is nitrate of silver, acidified 

with nitric acid. The chlorine attacks the silver, with



TYPES OF DISTILLING APPARATUS. 13

the result that an insoluble white precipitate is at once 

formed, varying in quantity according to the amount of 

chlorine (that is, chloride of sodium) present. The other 

salts found in sea water are mostly salts of calcium (lime) 

and magnesium, in combination with sulphuric acid so 

as to form sulphate of lime (plaster of Paris), and sulphate 

of magnesia. The former of these, the lime salt, is usually 

detected by the application of oxalate of ammonia, which 

also produces a white precipitate called oxalate of lime. 

The latter salt, sulphate of magnesia, is detected by the 

application of oxalate of ammonia, so as to first precipi­

tate the lime salts : after filtering off this first precipitate,, 

the addition of a few drops of liquid ammonia and hypo- 

phosphate of soda, will throw down a further white pre­

cipitate, which will indicate the presence of magnesium.

Comparative Qualities.

18. To give an idea of the comparative qualities of 

water from their appearance, after testing with nitrate of 

silver, Table A is subjoined. It is supposed that a speci­

men of distilled water is presented in an ordinary test 

tube, filled, say, three parts full of the distilled water to 

be tested. Having first acidified the specimen with a 

little nitric acid, let one drop of nitrate of silver (of 5 per 

cent, strength) fall into the water in the test tube. If 

chlorine is present, a white precipitate will be formed, 

varying from the slightest cloudiness to a heavy white 
mass.

Note.—It should be observed that this precipitate will 

be somewhat different in character, according as the water 

tested is cold or hot. If the specimen of distilled water 

in the test tube is cold, the chloride of silver will be oh--
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■servable in a streaky white precipitate of a more or less 

forked nature, whilst if the water tested is hot, the pre­

cipitate will have a more cloudy or woolly appearance. 

This test is a very delicate one, and should be carefully 

•conducted to avoid misapprehension. A tumbler of water 

apparently perfectly pure after adding a few drops of 

nitrate of silver to it will, if merely stirred round with 

the finger, show signs of salinity from the saltness due to 

the trifling perspiration on the finger being washed off by 

running it through the water.

TABLE A.

Degree of 
Salinity.

No.

2.
3.
4.
5.

6.
7.
8.

9.

10.

Appearance of Water after Treatment with Nitrate of Silver 
(5 per cent, strength).

Absolute purity. No trace of any bluish tint or discolora­
tion by adding one drop of nitrate of silver.

Very slightest blue discoloration.
Bluish, but only slightly so.
Bluish to slight white clouds or streaks.
Slight cloudy precipitate, about equal to a specimen of 

ordinary town water.
Cloudy, rather more than with ordinary London water.
Rather heavy white clouds.
Heavy white clouds and white matter falling to the bottom 

of the test tube. The water examined would have a 
slight taste of salt.

Heavy white precipitate falling quickly to the bottom of 
the test tube. Another specimen, if tasted, would be 
decidedly salt.

Ordinary sea water. A drop of nitrate of silver would be 
instantly coated with the chloride of silver, and drop 
like a stone to the bottom of the test tube.

Note.—When tasting any of the specimens above re­

ferred to, it should be pointed out that nitrate of silver is 

highly poisonous, so that a specimen treated with the 

.silver nitrate should n o t , of course, be tasted.

19. For ordinary drinking water purposes a salinity
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equal to No. 4 or 5 would not be objectionable, but for 

use in water-tube boilers, and other purposes where pure 

water is needed, No. 1 should be obtained ; not even 

No. 2 is now accepted as a satisfactory state of purity.

20. The nitrate of silver test has been explained, as it 

affords a means of ascertaining the presence of chlorides 

in solution, which, as will be seen when the chapter on 

“ Sea Water ” is read, is the predominating salt, especially 

-chloride of sodium (common salt). But as common salt 

is easily soluble in water its presence, on evaporating 

surfaces, is not so objectionable as the lime salts, which 

are very slightly soluble in water, and, therefore, adhere 

to the evaporating surfaces very pertinaciously, and have 

to be scraped off or chipped off, or disengaged from the 

surfaces by the most approved means possible.

Testing for Lime.

21. As to lime, the test is as follows :—Add a few drops 
of oxalate of ammonia to a specimen in a test tube. A 

white precipitate falling indicates the presence of calcium. 

8ix grains per gallon (i.e., 9 per 100,000 parts) give a 

turbidity, and 16 grains per gallon (i.e., 23 per 100,000 

parts) give considerable turbidity.

Quantitative Analysis.

22. J he testing can be carried further—that is, by 

quantitative analysis—by which means the exact amount 

0 saline impurity can be ascertained.

Hard and Soft Water.

23. Water is familiarly spoken of as being hard or soft, 

as indicated by its action on soap. Water containing 

‘ a s of calcium or magnesium produce a curdling effect
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when mixing with the fatty acid in soap. Soft water not 

containing these salts dissolves the soap without any 

curdling action. Often boiling hard water will be suffi­

cient to reduce its hardness. A hard water can also be 

softened by the admixture of lime water, or of carbonate 

of soda. The measure of hardness is often indicated by 

the number of degrees of hardness. One degree of hard­

ness is 1 grain of saline matter per gallon.

Note.—In laundries the use of distilled water thus 

increases the efficiency of the soap used, and consequently 

reduces the quantity requirable for hard water.

Important Points regarding Sea Water Distillation.

24. From the general outline that has been given 

as to the distillation of sea water, it is apparent that the 

subject is closely involved in the composition and nature 

of sea water and impure water generally, as well as the 

properties and nature of steam, and the subject of heat. 

Therefore, before dealing with the parts of a distilling 

apparatus in detail, the next three chapters will be devoted 

to Sea Water, Steam, and Fuels generally.
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C H A P T E R  I I I  .

C O M P O S IT IO N  O F S E A  W A T E R .

G e n e r a l l y .

1 . T h e  w o rd  “ s e a ”  i s u s u a l ly  a p p lie d  in d is c r im in a te ly  

to  th e  o p e n  s e a , s o  a s  to  in c lu d e  th e  O c e a n , w h ile  “  S e a  ”  

a n d  “ S e a  W a te r  ”  a re  u s u a l ly  a p p l ie d  to  e v e ry  la rg e  a re a  

o f s a l t w a te r , h o w e v e r  a n d  w h e re v e r  s i tu a te d . F o r  d e a l­

in g  w ith  th is w a te r in  a  t r e a tis e  o n  i ts  d is ti l la tio n  i t i s  

n e c e s s a ry  to  d iv id e th e  s u b je c t o f s e a  w a te r  in to  “  o c e a n  

w a te r a n d  “  in la n d s e a w a te r / ’ th e la t te r in c lu d in g  

s u c h  la rg e  a re a s  o f  w a te r  a s  th e  M e d ite r r a n e a n ,  th e  B a lt ic ,  

a n d  o th e r e x te n s iv e s e a s , w h ic h  a re  e i th e r la rg e  in la n d  

la k e s , o r  s o  la n d - lo c k e d  a s  to  b e  o f a  d if f e r e n t c h a ra c te r  

f ro m  th e  o c e a n .

( a )  O c e a n  W a t e r — I ts C o m p o s it io n .

2 .  O c e a n  w a te r i s f a i r ly  u n ifo rm  in  i ts  c o m p o s it io n —  

th e  q u a n t i ty  o f s a l in e  m a tte r  i t c o n ta in s  i s  n o t o n ly  

f a i r ly  u n ifo rm  in  i t s p ro p o r t io n  to  th e  w a te r i t i s d is ­

s o lv e d  in , b u t th e  s a l ts ( e s p e c ia l ly  th o s e  w h ic h  a re  m o s t  

m  e v id e n c e ) a re f a i r ly u n ifo rm  in th e ir p ro p o r t io n s  

a m o n g s t th e m s e lv e s .

3 .  T h e a c tu a l w a te r in  o c e a n  w a te r o r in  s e a w a te r  

* 8 ’ o f c o u r s e , a lw a y s th e  s a m e . A s a lr e a d y  m e n tio n e d  

ln a n e a r l ie r p a r t o f th is b o o k , w a te r i s c o m p o s e d
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of the two gases, hydrogen and oxygen, in the pro­

portion of 2 atoms of hydrogen (whose atomic weight is 

1) to 1 atom of oxygen (whose atomic weight is 16), so 

that, weight for weight, water (FLO) is composed of 1 part 

of hydrogen and 8 parts of oxygen. These gases are 

chemically combined in this ratio, whether the combina­

tion is in a solid state (ice), a liquid state (water), or a 

gaseous state (steam), and the absorption of heat changes 

the state of this combination of the two elements which 

may be solid, liquid, or gaseous ; whilst the loss of 

heat exactly reverses the operation—i.e., changes it 

from steam to water, then to ice, without changing its 

composition.

4. The saline matter of all seas and oceans consists 

mostly of what is commonly called salt—that is, common 

salt, chemically called chloride of sodium, or muriate of 

soda, as it used to be commercially called. But although 

this is the predominating salt, many others are more or 

less strongly in evidence, whilst there are traces of a 

still larger number of other salts. The “ bay-salt ” of 

commerce is the saline matter of the sea water evapor­

ated at a very low heat, and the brine or concentrated 

form of sea water is also known under the name of 

“ bittern.”

Note.—The information we have respecting the composi­

tion of sea water is mostly derived from the researches of 

eminent analysts, such as Schweitzer, Usiglio, Dittmar, 

and others. There is also the very elaborate paper by 

Forchhammer in the JR. S. Phil. Trans. (1865). The 

reports of the investigations made by the officers of 

H.M.S. “ Challenger ” also give much information on 

this subject.

5. From these reports we find that besides the presence
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of common salt, to which is attributable the saline taste 

of sea water, there are sulphates of lime and magnesia, 

these being the most in evidence, but there are also traces, 

more or less pronounced, of a large number of other salts, 

including salts of aluminium, iron, lithium, bromine, zinc, 

and even the precious metals, silver and gold. These 

precious metals are, however, present in such small pro­

portions that any hope of extracting the free metal with 

financial success is very chimerical. It has, however, been 

considered with some seriousness, and the plan of opera­

tions suggested was to deal with the brine escaping from 

large distilling installations, such as exist at Aden and 

elsewhere. By the further evaporation of the brine, it 

was proposed either to get salt crystals, or a very con­

centrated solution of brine that could then be treated 

with chemicals, so as to obtain the free metals. Up to 

the present, however, it would appear that the cost of 

treating the saline matter in sea water, with a view to 

obtaining gold, is out of all proportion to the very small 

quantity of gold derivable from carrying out the process. 

Sea water, or brine, otherwise called bittern, is used as 

a source for obtaining bromine.

Ordinary Saline Matter.

0. For practical purposes of sea water distillation, all 

salts, other than those that are present in appreciable 

quantities, may be ignored. The following Table B 

gives the analysis of a specimen of sea water taken from 

the English Channel, which was selected as an average 

sample of sea water.
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T A B L E B .— P e r c e n t a g e  C o m p o s i t i o n  o f  (E n g l i s h  C h a n n e l )  

S e a  W a t e r

C h lo r id e  o f  s o d iu m  (c o m m o n  s a lt) ,  

„ m a g n e s iu m , .

„  p o ta s s iu m .

S u lp h a te  o f  m a g n e s ia ,

„  l im e ,

C a rb o n a te  o f  l im e ,

B ro m id e  o f  c a lc iu m ,

T ra c e s  o f  a  g re a t m a n y  o th e r  s a lts ,

T o ta l  s a lin e  m a tte r ,  

O rd in a ry  w a te r ,

S e a  w a te r , .

2 ’8 0 6  \ 

0 -3 6 6 ■ 

0 -0 7 6  ) 

0 ’2 3 ) 

0 -1 4 i 

0 '0 0 3  i 

0 -0 0 3  i

3 -2 4 8

0 -3 7

0 -0 0 6

3 -6 2 4

0 -0 0 3

3 -6 2 7

9 6 -3 7 3

1 0 0 -0 0 0

T a k in g  th e  a b o v e s a lin e m a tte r o n ly , th e p e rc e n ta g e  

w o u ld  b e  a s  fo llo w s  :—

C h lo rid e  o f  s o a m m ,  

, ,  m a g n e s iu m , .

„  p o ta s s iu m ,

S u lp h a te  o f m a g n e s ia ,  

„  l im e ,

P e r  c e n t.

. 2 -8 0 6  = 7 7 -3

. 0 -3 6 6  = 1 0 -1

. 0 -0 7 6  =  2  1

. 0 -2 3 0  =  6 -3

. 0 -1 4 0  =  3 -8

S u n d r ie s , . . . .

3 -6 1 8  = 9 9 '6

. 0 -0 0 9  0 -4

T o ta l s a lin e  m a tte r  . . 3 ’6 2 7  =  1 0 0 -0

7 . F a ra d a y ’s  a n a ly s is  o f  s e a  w a te r  w a s  3 2  p a r ts  o f  s a lin e  

m a tte r  in  1 ,0 0 0  p a r ts  o f  s e a  w a te r , a n d  in  th a t p ro p o r tio n  

th e  a n a ly s is  w a s  a s  fo llo w s  :—
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25 parts of muriate of soda (common salt).

3 „ muriate of magnesia.

2 „ sulphate of magnesia (Epsom salts).

1 ,, sulphate of lime (plaster of Paris).

1 ,, sundries.

32 „ saline matter.

968 „ ordinary water.

1,000 parts—Total.

8. Dr. 1 idy found that sea water at Margate (at high 
tide) contained :—

Total solids, . 

Chlorine, .

Lime, 

Magnesium, 

Silica, 

Hardness,

Per cent.

. 3343

. 1’7705

. 0035

. 0-205

. 0-0004

. 0-564

9. The Rivers’ Pollution Committee found that sea 

water contained approximately as follows :—

Free and saline ammonia, . A trace.

Total solids, .... 3’893 per cent.

Chlorine, 1975 „

10. From a large number of specimens of ocean water, 

taken at various points of the world, it was found that 

the total salts averaged 3*5 per cent., ranging from 

3 7 in torrid regions to 3'2 in frigid regions, and that 

water from a depth is not quite so saline as that at the 

surface. These results are what one would expect—viz.,
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that on the surface, in the tropics, the sea water being 

more subject to evaporation, would make it salter. Ocean 

water may, therefore, be accepted as containing 3'5 per 

cent, of saline matter, of which about 3 per cent, consists 

of chlorides.

11. All the above analyses show the great preponder­

ance of chlorides and sulphates, especially the former, in 

the shape of common salt. Table B also shows that the 

percentage of saline matter in sea water is about 3’6 per 

cent., of which chlorides constitute about 3-25 per cent.

Note.—The specific gravity of the actual salt in sea water 

may be taken at 2'24. The specific gravity of sea water 

(containing, say, ;j\ of saline matter) would be 1*031. A 

saturated solution of salt and water will, when cold, hold 

about 36 per cent, of salt and, when at boiling point 

(226° F.), about 40 per cent, of salt. This equals a 

salinity ranging from about ?.1 to ?. H and a specific gravity 

of 1'32 to 1’35. See also Table C on p. 26.

Salinometer Test.

12. When it is intended to ascertain the strength of sea 

water, or of brine, with the use of the salinometer, it is 

usual to deal with a specimen at a temperature of 200° 

F., * but as water expands by being heated, it is obvious 

that a cubic foot of sea water at 60° will weigh more, as 

it is denser, than a cubic foot of water at 200°, and this 

has to be allowed for when taking the record of the 

salinometer, as hereafter explained.

A short Table (CC) on p. 2ö gives the weight of 

water at various temperatures, ranging from 40° (the tem-

* Unless otherwise indicated, temperature is always expressed in 
Fahrenheit degrees in this work.
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p e ra tu re a t w h ic h  i t m a y b e ta k e n  to b e a t a b o u t i ts  

m a x im u m  d e n s ity ) u p  to  2 1 2 ° , i ts  b o ilin g  p o in t.

1 3 . I f , th e re fo re , s e a w a te r c o n ta in in g o f s a lin e  

m a tte r  h a s  b e e n  e v a p o ra te d  s o  a s  to  re d u c e  i t to  o n e -h a lf  

—i.e., in  e v e ry  3 2  lb s . o f s e a  w a te r 1 6  lb s . o f w a te r  h a v e  

b e e n  e v a p o ra ted — th e re  w ill b e  le ft 1 6  lb s . o f b r in e , w ith  

th e  s a m e q u a n tity  o f s a lin e m a tte r in i t a s w a s in  th e  

o r ig in a l 3 2  lb s . o f s e a  w a te r , th u s m a k in g  th e 1 6  lb s . o f  

b r in e d o u b le th e s tre n g th  o f th e 3 2 lb s . o f s e a w a te r , 

w h ic h  is  c a lle d “  d e n s ity .” T h e w o u ld  e q u a l a b o u t  

3 -1 2  p e r  c e n t, o f  s a lin e  m a tte r , a n d w o u ld  e q u a l a b o u t  

6 ‘2 5  p e r  c e n t, o f  s a lin e  m a tte r .

I f o f th e 3 2  lb s . o f s e a w a te r a re b o ile d  a w a y , th e  

re m a in in g  |  w ill c o n ta in  th e  s a lin e  m a tte r o r ig in a lly  c o n ­

ta in e d  in  th e 3 2  lb s ., a n d  m a k e th is  |  b r in e  th re e  t im e s  

th e  s tre n g th  o f th e  o r ig in a l 3 2  lb s . o f s e a  w a te r , s o  th a t  

i ts  s a lin ity  b e c o m es

1 4 . S o m e tim e s  th e  “  d e n s ity  ”  o f s e a  w a te r is  s a id  to  b e  

m e a n in g  th a t 1 lb . o f s a lin e m a tte r in  e v e ry  3 3  lb s .  

o f s e a w a te r , o r 3 2  lb s . o f o rd in a ry  w a te r p lu s 1 lb . o f  

s a lin e  m a tte r , m a k in g  a  to ta l o f 3 3  lb s . B u t (m e a n in g  

■j V  g re a te r w e ig h t th a n  th e  s a m e  v o lu m e )  is th e  a c c e p te d  

p ro p o r tio n  o f s a lt in  s e a  w a te r , a lth o u g h  n e ith e r n o r  

q u ite a c c o rd s w ith  th e a c c e p te d  p e rc e n ta g e  o f s a lin e  

m a tte r in  s e a  w a te r— n a m e ly , 3 '5 — fo r  3 '5  p e r  c e n t, e q u a ls  

b e tw e e n a n d  ? ,,, w h ils t e q u a ls 3 ’1 2 5  p e r c e n t., a n d  

7 ;1 .! e q u a ls 3 ’0 3  p e r  c e n t. H o w ev e r , th e  m a tte r  m u s t re s t  

a s i t .s ta n d s n o w . F a ra d a y ’s a n a ly s is o f s e a  w a te r c o n ­

ta in in g 3 2  p a r ts o f s a lin e m a tte r p e r 1 ,0 0 0 p a r ts o f s e a  

w a te r , o r 3 ’2  p e r  c e n t., is c e r ta in ly  n e a re r th a n  3 5  p e r  

1 ,0 0 0 , o r  3 ’5  p e r  c e n t., w h ic h  is  n o w  f ix e d  o n  a s  th e  a m o u n t 

o f  s a lin e  m a tte r  in  s e a  w a te r .

1 5 . T h e  p re v a le n t m e th o d  o f d e n o tin g  th e  s tre n g th  o r
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salinity of sea water and brine by 32nds of “ density ” 

(which is how it is commonly expressed) may be made 

clearer by the following illustration. Fig. 1 shows a 

hollow cube, the inside dimensions of which are 1 square 

foot at its base, and extending upwards for rather more 

than 1 foot. If pure water be now poured in, so that 

the quantity reaches to the height of 1 foot, we have 

obviously 1 cubic foot of pure water. If some insoluble 

matter (say sand) be added to this 1 cubic foot of water, 

the water will be displaced to the same extent as the 

volume of the sand that is added, and will rise to a cor­

Fig. 1.

responding height above the I foot level. If, however, 

instead of sand, common salt (which is soluble in water) 

be added to the cubic foot of water, this will make no 

difference in the level of the water by displacement, but 

as additional substance has been added, the addition 

must manifest itself somehow, and it does so by making 

the same volume of water more saline and denser by the 

quantity of salt that has been added and become dis­

solved in the water. The saline water is still, therefore, 

only 1 cubic foot in volume, but its mass and its weight 

are increased. If double the quantity of salt be added,
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the volume would not be increased. In fact, however much 

salt be added (until the solution becomes saturated, and 

will dissolve no more), its volume will remain the same, 

although its density, salinity, and weight will be increased 

according to the quantity of salt that is added. If the 

quantity of salt added be in the proportion of ..V? or A» 

or , the “density” and weight will be 13V, 1-./V, as

the case may be, but the volume of 1 cubic foot will 

still remain the same.

° Density ” and “ Salinity.n

16. The foregoing observations on the strength of sea 

water and brines lead one to enquire as to whether 

“ density ” is the most appropriate term to use for con­

veying the meaning of the degree of brine strength.

17. When sea water or brine on being tested is said to 

have a “ density ” of as the case may be, the

meaning is that in a given quantity (i.e., weight) of the 

salt water there is the above proportion (>£,, or ;fl-,

as the case may be) of saline matter dissolved in it. This 

would be its degree of “ salinity/' and consequently this 

proportion would be the same whatever the temperature 

of the specimen tested may be.

A “ density ” of or or ./V does not, therefore, 

correctly denote the state of things, for if 1 cubic foot of 

salt water contains 2 lbs. (practically y\) of saline matter 

massed in it, then the salt water would be correctly 

described as having a “ density ” of 13V ; or if 4 lbs. of 

salt are massed in it, then a density of 1/., and so on ; 

or, instead of 32nds, a “ density ” of 1'04, 1 062, T094, 

as the case may be. Again, a salinometer does not re­

cord “ density.'" It records its buoyancy in water at a
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te m p e ra tu re o f 2 0 0 ° F ., a n d its re la tiv e b u o y a n c y in  

w a te r a t th e sa m e te m p e ra tu re (2 0 0 ° F .) c o n ta in in g  

p ro p o rtio n s o f sa lt  d isso lv e d  in  it v a ry in g  fro m  1 to  3  p a rts

T A B L E C .— B o i l i n g  P o i n t  a n d  S p e c i f i c  G r a v i t y  o f  B r i n e  

a t  v a r i o u s  S t r e n g t h s .

S a lin ity  ( in  3 2 n d s)  
o f  S a lin e  M a tte r.

T e m p e ra tu re  a t  
B o ilin g  P o in t.  

°F .

S p e c ific G rav ity .

J 2 1 3 2 1 -0 2 9

2 2 1 4 -4 1 -0 5 8

3 2 1 5 -5 1 -0 8 7

4 2 1 6 '7 1 -1 1 6

5 2 1 7 -9 1 1 4 5

6 2 1 9 -1 1 -1 7 4

7 2 2 0 -3 1 -2 0 3

8 2 2 1 -5 1 -2 3 2

9 2 2 2 '7 1 -2 6 1

1 0 2 2 3 -8 1 -2 9 0

1 1 2 2 5 -0 1 -3 1 9

1 2 2 2 0 '1 1 -3 4 8

(S a tu ra tio n ).

T A B L E  C C .— C o m p a r a t i v e  W e i g h t  o f  S e a  W a t e r  a n d  B r i n e s  

a t  v a r i o u s  T e m p e r a t u r e s  a n d  S t r e n g t h s  o f  

S a l i n i t y .

T e m p e ra ­
tu re . 
°F .

W e ig h t o f 1  C u b ic  F o o t  ( in  p o u n d s  a v d p .).

D is tilled  
W ate r.

S e a  W a te r . 
S tre n g th .

B rin es .
S tren g th .

3 '5  p e r  c e n t. J. 7 l‘l A

4 0 6 2 -4 1 6 4 '6 0 6 4 3 6 0 6 ’3 1 6 8 '2 0

0 0 6 2 -3 3 6 4 -4 8 6 4 -3 6 6 -2 2 6 8 -1 7

8 0 6 2  1 6 6 4 -3 0 0 4 -1 1 0 6 0 6 6 8 -0 1

1 0 0 6 1 -9 3 6 4 -0 7 (5 3 -9 0 6 5 -8 3 6 7 ’7 8

1 2 0 6 1 '6 4 6 3 '8 2 6 3 '5 9 6 5 5 4 6 7 4 7

1 4 0 6 1 -3 2 6 3 4 9 6 3 3 0 6 5 -2 8 6 7 -2 5

1 6 0 6 0 -9 3 6 3 -0 7 6 2 -9 0 6 4 -8 3 0 6 '7 8

1 8 0 6 0 -5 1 6 2 -2 0 6 2 '4 0 6 4 -4 1 6 0 -3 6

2 0 0 6 0 -0 6 6 2 -1 0 6 2 ’0 5 6 3 -6 9 0 5 * 0 1

2 1 2 5 9 -8 3 6 2 0 0 6 1 '6 4 6 3 -4 5 6 5 -2 0



TABLE D.—-A p p r o x im a t e  Co m pa r a t iv e  Vo l u m e s  a n d  W e ig h t s  o f  F r e s h  W a t e r  a n d  [Se a  W a t e r ].
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in 32 parts. A salinometer, in short, is an instrument for 

measuring the “ salinity ” of sea water or brine. It will 

also record the “ density ” of the sea water or brine ; but 

this is a different thing from “ salinity,” and the figures 

that record the latter will not be the same as will record 

the former. cannot be either the “ density ”

or the “ specific gravity ” ; it is the “ salinity.”

Other Properties of Sea Water.

18. Sea water has a rather higher boiling point than 

ordinary fresh water, which is 212° F. Sea water boils 

at about 213° F. But, for ordinary purposes, in a prac­

tical treatise of the present description, 212° may be 

assumed to be the boiling point of sea water.

19. As there are various slight differences between sea 

water and fresh water, Tables C and D have been added, 

giving many useful notes concerning water generally.

(6) In l a n d  Se a s .

20. Up to the present we have been dealing with ocean 

water, which we find is practically the same all over 

the world, and whatever difference there is, is really due 

to climatic influences.

But in different parts of the world there are large areas 

of water, away from the ocean, such as inland or land­

locked seas, lakes, river-mouths, &c., whose salinity is 

different from that of the ocean. Thus the Mediterranean, 

practically a huge lake, whose water is altogether unlike 

that of the ocean in appearance, has a salinity of 4 per 

cent.—i.e., somewhat salter than the ocean. Then take 

the Red Sea, another large land-locked sea, having a 

salinity of 4 per cent. These two seas are almost com­

pletely shut in, and have a salinity of 4 per cent., whilst
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in the Suez Canal, which connects the two, the water 
has been found to have a salinity of 5 per cent., which 
is higher than in either sea. Then take the Baltic, a sea 
not nearly so land-locked as the above two seas, and its 
density is less than the above two seas, and less even 
than the ocean, as the Baltic has a salinity of only 3 
per cent. The Black Sea and the Caspian Sea have a very 
much less density than the ocean. The Caspian Sea— 
that is, the open part of that sea—has a salinity of only 
1| per cent., but an adjacent gulf (called Kara Borgas) 
has the enormous density of 28 per cent, of saline matter. 
Take again the Dead Sea, whose density is very great, 
having about 22 per cent, of saline matter in solution.

21. It appears strange that in two seas like the Caspian 
and the Dead Seas, the Caspian (in its open part) should 
have a density so slight, whilst the Dead Sea has a 
density so great. These two seas are not very far distant 
from each other, or very different in latitude, and both 
have large rivers pouring into them, yet they are very 
different in their composition, or rather strength, for the 
extra salinity in the Dead Sea, and in the side lake (Kara 
Borgas) of the Caspian is practically all common salt, or 
chloride of sodium.

22. These comparisons of salinity will be found useful 
in estimating what feed water has to be provided when 
working a sea-water distilling apparatus, as will be shown 
later on, when dealing with the apparatus in detail.

(c) Sa l t  We l l s .

23. Besides distillation of the water from inland seas, 
distilling apparatus is sometimes required for distilling 
well water in districts—e.g., in Australia—when the-
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only water, and not overmuch in quantity, is obtainable 

from wells. This well water varies a good deal in its 

salinity, it being sometimes only brackish, whilst at others 

it is exceedingly salt. Distilling apparatus, when required 

for dealing with this class of water, has to be adjusted to 

meet the salinity of such water.



CHAPTER IV*

STEAM.

Ge n e r a l l y .

1. In  sea water distillation (especially in the type of it 

usually called “ multiple ” or “ compound ” distillation), 

a knowledge of the properties of steam (such as its heating 

power under various pressures) is essential.

2. Steam is a gas or vapour obtained from water by 

the action of heat, and the amount of heat required to 

convert a given weight of water into steam is absorbed by 

the steam or vapour in the operation of being thus con­

verted from water into steam. On being re-converted or 

transformed back again into water, it is capable of im­

parting, to another substance, the exact amount of heat 

it absorbed when it was converted into steam. This is 

so in theory, but in practice it is impossible to avoid some 

waste of heat. Waste, however, must not be confused 

with a loss, for nothing is really lost; it is only that the 

heat absorbed by the steam, instead of being returned 

in its entirety to the cooling medium presented to it for 

that purpose either leaks away in other directions, or is 

not accounted for in some way or other ; this is easily 

understood, but cannot be prevented. A perfect realisa­

tion of what theoretically takes place in nature is never 

wholly possible.
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Note.—S t e a m  i s  a  p e r f e c t l y  t r a n s p a r e n t  c o l o u r le s s  g a s .  

W h a t i s s e e n  i s s u i n g  f r o m  b o i l i n g  w a t e r  l ik e  a  w h i te  

c l o u d , u s u a l l y  c a l l e d  ( a n d  o f t e n  t h o u g h t  t o  b e )  s t e a m , i s  

r e a l ly  n o t  s t e a m  a t  a l l  b u t  f i n e  p a r t i c l e s  o f  w a te r ,  c a u s e d  

b y  t h e  s t e a m  c o m i n g  i n  c o n t a c t  w i th  c o l d e r  s u r r o u n d i n g  

a i r ,  a n d  b e c o m i n g  c o n d e n s e d  t h e r e b y .

P r o p e r t i e s  o f  S t e a m .

3 . T h e  o p p o s i t e  T a b l e g i v e s  t h e  p r o p e r t i e s  o f  s a t u ­

r a t e d  s t e a m . B y  “  s a t u r a t e d  ”  i s  m e a n t t h a t c o n d i t i o n  

o r  s t a te  o f  t h e  s t e a m  w h e n  i t  i s  o n  t h e  p o i n t  o f  r e - c o n v e r ­

s i o n  i n to  w a t e r  b y  t h e  s l i g h t e s t  d e c r e a s e  i n  i t s  t e m p e r a tu r e ,  

o r  i n c r e a s e  i n  i t s  p r e s s u r e , a s  e a c h  o f  t h e s e  c h a n g e s  w i l l  

c a u s e  t h e  s t e a m  t o  b e  r e - c o n v e r t e d  i n t o  w a t e r  a g a in .

Note.—T h i s  T a b l e  h a s  b e e n  g i v e n  i n  r a t h e r  e x t e n s iv e  

f o r m ,  a s  i t  w i l l  b e  f o u n d  n e c e s s a r y  ( e s p e c i a l ly  w h e n  d e a l in g  

w i th  m u l t i p l e  d i s t i l l a t i o n )  t o  e x a m i n e  d i f f e r e n t p r e s s u r e s  

s o m e w h a t c l o s e l y .

T A B L E  E .— P r o p e r t i e s  o f  S a t u r a t e d  S t e a m .

P . ( n e t )  =  Pressure i n  p o u n d s  p e r  s q u a r e  i n c h ,  e x c l u d i n g  t h e  a t m o s p h e r e .  

E v e r y  2  l b s . p r e s s u r e  p e r  s q u a r e  i n c h , b e l o w  a t m o s p h e r e  

=  a b o u t  1  i n c h  h e a d  o f  m e r c u r y  p e r  b a r o m e t e r .

S  .H . =  Sensible Heat—i.e., t e m p e r a tu r e  b y  F a h r e n h e i t t h e r m o m e te r  

s c a l e .

L  .H . =  Latent Heat—i.e., t h e  u n i t s  o f  h e a t r e q u i r e d  t o  c o n v e r t  1  l b .  

o f  w a t e r  i n t o  1  l b .  o f  s t e a m .

T  .H . =  Total Heat—i.e., t h e  l a t e n t  h e a t +  t h e  s e n s i b l e  h e a t ( f r o m  

3 2 °  F . ) .

S .V . =  Specific Volume—i . e . , ' t h e  n u m b e r  o f  ( s a y )  c u b i c  f e e t  o f  s t e a m  

c o n v e r t e d  f r o m  1  c u b i c  f o o t  o f  w a t e r .

W . =  Weight—i.e., o f  1  c u b i c  f o o t  o f  s t e a m  ( l b s . a v d p . ) .

P . ( g r o s s )  =  Pressure, i n c l u d i n g  t h e  a t m o s p h e r e .



STEAM.
33

P. (Net). S.H.
Jahr. L.H. T.H. S.V. W. P.

(Gross.
S.H.

) Cent.

- 14 90-4 105M 1109-5 28,740 0-00217 0'7
- 13 120’3 1030-3 1118-6 12,480 0-00500 1’7
- 12 137’5 1018-3 1123’9 8,080 0-00800 2-7
— 11 149'8 1009-7 1127’6 6,009 0-01038 3'7
- 10 159’7 1002-8 1130’7 4,799 0-01300 4'7
- 9 167-9 997-0 j 1133’2 4,003 0'01558 5’7
- 8 174-9 992-1 1135-3 3,439 0'01814 6’7
- 7 181*1 987'8 1137’2 3,010 0'0292 7'7
- 6 186'7 983’9 1138-9 2,690 0-02319 8-7
— o 191’8 980-3 1140’4 2.428 0-02568 9-7
- 4 196-4 977’1 1141-9 2,215 0-02817 10-7
— 3 200’7 974-0 1143’2 2,036 0-03063 11-7
- 2 2047 971-2 1144-4 1,886 0-03307 12-7
— 1 208’5 968’5 1145-5 1,755 0'03553 13-7

Atmosphere 212 966’1 1146-6 1,643 0-0379 14-7 - 1778
1 215-3 963’8 1147’6 1,544 0'04039 15-7 -17'23
2 218’5 961-5 1148-6 1,457 0'04280 16-7 - 16-67
3 221-5 959’4 1149-5 1,380 0’04521 17'7 - 16-11
4 224’4 957'3 1150’4 1,310 0'04761 18-7 - 15-56
5 227’1 955-4 1151-2 1,248 0'05000 19-7
6 229-8 953-5 1152-0 1,191 0'05238 20-7 - 1445
7 232-3 951-8 1152-8 1,139 0-05475 21-7 - 13-89
8 2347 950-1 1153-5 1,092 0'05712 22-7 - 1334 I
9 237'1 948’4 1154-3 1,049 0’05949 23-7 - 12-78

10 239’4 946-7 11550 1,009 0-06184 24-7 - 12-23
11 241’6 945’2 1155-6 971’8 0’06419 257 - 11-07
12 243’7 943’7 1156-3 937-5 0‘06654 26-7 - 1111
13 245-8 942-2 1156-9 905-7 0-06888 27’7 - 10-56
14 247’8 940-8 1157-5 876’0 0-07122 28-7 - 10
15 249’7 939’4 1158-1 818-2 0’07355 29-7 • - 9-45
16 251-6 938-1 1158-7 822’2 0'07587 30-7 - 8’89
17 253’5 936-8 1159-3 797’8 0’07819 31-7 - 8-34
18 255-3 935’5 1159-8 774’9 0’08050 327 - 7’78
19 257-0 934-3 1160-3 7532 0-08282 33-7 - 7-23
20 258-7 933’1 1160-9 732-8 0-08513 34-7 - G-67
25 266-7 927’4 1163’3 645’7 0-09601 39-7 - 3’89
30 273-9 922-3 1165’5 577-6 0'1080 44-7 - I ll
35 280’5 917'6 1167-5 522-8 0'1193 49-7 - 1-67
40 286-6 913-2 1169-4 477’7 0-1335 54-7 4’4545 1 292-3 909’1 1171-5 440 0-1417 59-7 7’23
50 297’5 905-5 1172-7 408 0-1529 64-7 10
55 302-5 901-8 1174-2 380’4 0-1639 69’7 12’78
60 307-2 898’5 1175-6 356’4 0-1750 74'7 15’56
65 311-6 895’3 1177-0 335-4 0-1860 79’7 18-34
70 315-8 892-3 1178-3 316-7 0-1969 84-7 21-11
75 319-9 889’3 1179-5 300-1 0-2078 89-7 23’89
80 323'8 886-5 1180-7 285'2 0-2187 94-7 26-67 I
85 ; 327-4 883-9 1181-8 271-7 )-2295 1 99'7 29’45 I

3
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P. (Net).
S.H.
Fahr.

L.H. T.H. 8.V. W.
P.

(Gross.)
S.H. 
Cent.

90 331-0 881-3 1182-9 259-5 0'2404 104’7 3223

95 334-4 878-9 1183’9 248'4 0'2511 109’7 35

100 337-7 876-5 1184'9 238-2 0'2619 114-7 37-78

110 343-9 872-0 1186-8 220-1 0-2833 124’7 4334

120 349-8 867’8 1188'6 204'8 0-3046 134-7 48'89

130 355'4 863-7 1190-3 191-5 0-3258 144-7 54'45

140 360'6 859'9 1191-9 179’8 0'3469 154-7 60

150 365’6 856-3 1193-5 169-5 0’3680 164-7 65'56

160 370'4 852’8 1194-9 160-4 0-3889 174-7 71-11

170 374'9 849-5 1196-3 152’2 0-4098 184-7 76-67

180 379'3 846-3 1197-0 144-8 0’4307 194-7 82-23

190 383’5 843-2 1198'8 138-2 0'4514 204-7 87'78

200 387T> 840'3 1200-1 132.1 0-4721 214'7 93'34

225 397’0 833-4 1203-1 119.2 0-5230 239-7 107'23

250 405'7 826-9 1205-8 108'6 0-5744 264-7 121*11

275 413-9 820-9 1208'3 99-7 0-6258 289-7 13b

300 421-5 815-3 1210-6 923 0'6766 314-7 148-89

325 428'6 810-1 1212-7 85-8 0-7268 339’7 162'78

350 435'4 805'0 1214-8 80-3 0-7770 3G4-7 176'67

400 447-9 795’7 1218-6 71-2 0-8764 414-7 204'45

500 469’9 779-2 1225'3 58-1 1-0741 514-7 260

Table E is explainable as follows :—

(1) In the first column is stated the net pressure of steam 

in lbs. per square inch—that is, the pressure of the steam 

exclusive of, or above, the weight of the atmosphere. The 

gross pressure—that is, the pressure inclusive of the at­

mosphere—is given in the seventh column.

(2) In the second column will be found the “ sensible 

heat of steam—that is, its temperature (by the ther­

mometer) whilst it continues to be steam—i.e., in a 

gaseous state—and is in reality its “ gaseous heat at 

different pressures.
(3) In the third column will be found the “ latent ” 

heat of steam—that is, the heat that steam is capable 

of emitting when ceasing to be gaseous it returns to the 

liquid state—and is in reality its “ liquescent ” heat at 

different pressures.
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(4) In the fourth column is stated the “ total ” heat of 

steam—that is, the total number of heat units required 

to raise 1 lb. of water from 32° (freezing point) to boiling 

point, plus the heat required to convert that 1 lb. of 

water into I lb. weight of steam at different pressures.

(5) In the fifth column is given the “ specific volume ” 

or density of steam—that is, the ratio in volume between 

1 cubic foot of water and the number of cubic feet of 

steam that it is convertible into at the particular pressure 
indicated.

(6) In the sixth column is given the weight (in lbs. 

avoirdupois) of 1 cubic foot of steam at the particular 

pressure.

Heat—Measurement of.

4. Heat, although only the condition of a substance, is 

capable of measurement just as much as the substance 

itself is, with regard to its weight or its volume. A ther­

mometer hanging in the air and recording, say 60°, on 

being plunged into water records, say 40°, shows that the 

condition of the air as regards temperature is 20° hotter 

than the water. But if a given weight of any substance, 

say 1 lb. of that water, has a certain amount of heat im­

parted to it, which raised it from 39° to 40°, the 1° of heat 

thus absorbed, and capable of returning to some other 

substance, affords a means of standardising the condition 

of any substance as regards the heat it is capable of 

absorbing from or imparting to any other substance. 

This heat standard is called in this country a thermal 

unit.

5. A thermal unit, usually referred to as one B.T.U. 

(British Thermal Unit), is the specific heat required to
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raise the temperature of 1 lb. of pure water at 39'1° one 

degree (i.e., to 40'1°). This is about the temperature at 

which water is at its greatest density—i.e., when the 1 lb. 

of water has the smallest volume. But, although 39'1° 

is the specified temperature, practically any other tem­

perature holds good for ordinary calculations ; sometimes 

the B.T.U. is based on a temperature of 60° as being 

ordinary summer temperature, instead of 39°, as above 

referred to.

Note.—The thermal unit in France is called a “ Cal­

orie/' and is further described as a grande calorie ’ or 

a “ petite calorie/’ the former being the heat required to 

raise the temperature of 1 kilogramme of water from 4 

C. to 5° C., whilst the latter (“ petite calorie ”) is the heat 

required to raise the temperature of 1 gramme of water 

from 4° to 5° C. From this it will be seen that the British 

thermal unit (B.T.U.) equals 0’252 (or, more accurately, 

0’251996) “ grande calorie/’ or 252 “ petites calories.”

Metrical System.

6. In France and on the Continent, where the metrical 

system is used, the pressures are often indicated by the 

number of atmospheres or kilogrammes per square metre. 

The following short Table will, therefore, be useful when 

pressures are mentioned in foreign terms :—

TABLE F (on page opposite).

A. = Atmosphere (i.e., 29'9 inches of mercury) at ocean level, per 

barometer—Allow 0’1" reduction for every 260 feet of ascent.

P. = Pounds per square inch.

K.M. = Kilos, per square metre.

H. = Head of water per square inch in feet high.
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A. P. K..M. H.

1 14-7 10,333 33-9
9, 29'4 20,666 67’8
3 44-1 30,999 101-7
4 58’8 41,332 135’6
5 73'5 51,665 169-5
6 88'2 61,998 203-4
7 102'9 72,331 237’3
8 117'6 82,664 271-2
9 1323 92,997 305-1

10 147’0 103,330 339-0

The Theory of Evaporation.

7. If 1 lb. of water at, say, 60° (which is about ordinary 
summer temperature), is heated up to boiling point (212°), 
and is then converted into 1 lb. weight of steam at atmo­
spheric pressure, the following number of heat units will 
be absorbed :—

First, there will be the heat required to raise the 1 lb. 
of water to boiling point—viz., 212° - 60° = 152°—then 
there will be 966 units to convert it into steam. This 
will make a total of 1,118 units absorbed by the steam 
in this operation. If, however, the 1 lb. of water is 
evaporated at a pressure of, say, 10 lbs. above atmospheric 
pressure, under which condition the temperature of the 
boiling point is 239° and the latent heat is 946, there 
will then be required 239 - 60 = 179 + 946 = 1,125 units 
of heat.

In the first case the calculation is—

212 - 60 = 152 units of sensible heat | at atmospheric 
966 „ latent heat / pressure.

1,118 units (total) heat.
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In the second case it is—

239 - 60 = 179 units of sensible heat] 10 lbs. (net)

946 units of latent heat J pressure.

1,125 units (total) heat.

8. From a study of Table E it will be seen that as the 

pressures rise the sensible heat increases, whilst the latent 

heat cZecreases, so that the total heat is consequently 

not very much affected. It will thus be observed that, 

for practical purposes, the total heat required (or the fuel 

consumed) to generate steam will not vary greatly what­

ever may be the pressure at which such steam is generated, 

because the pressure obtained can be kept up with very- 

little augmentation of heat expense.

Note.—This state of things lias a most important bear­

ing in the distillation of sea water, especially when the 

distilling apparatus is of the multiple or compound type.

9. To illustrate this, for the purpose of understanding 

what takes place in distillation, Fig. 2 shows a vessel (E) 

with a Bunsen gas burner (G) under it. Let us suppose 

that 1 lb. of water is put in the vessel (open at top), and 

its temperature is, say, 60°, as indicated by a thermometer 

placed in the water. On lighting the gas the temperature 

of the water will gradually rise, and will continue to do 

so till the temperature of 212° is reached. Then the 

water will boil, and will continue to do so, but the ther­

mometer will record no more heat, whether its bulb is 

put in the water or in the steam rising therefrom, because 

it can only record the sensible heat.

10. The water keeps on boiling, whilst the gas is still 

burning, and steam keeps on being given off at the open



STEAM. 39

end of the vessel; and the water in the vessel gradually 

diminishes until it has all boiled away. Now, what has 

taken place is this. The heat from the gas flame was 

first utilised in raising the temperature of the water from 

60° to 212°—that is, 152° (and took a certain amount 

of time to do that), the gas flame then continued to give 

out the same heat, but such heat was no longer sensible,

Fig. 2.

as it was utilised in converting the water into steam, (and 

took a further length of time to do that—i.e., by im­

parting the 966 units of heat, required to transform the 

1 lb. of water into 1 lb. of steam, at atmospheric pressure.

11. Of course a great quantity of heat was lost in this 

rather crude experiment—that is, a great waste of heat 

occurred in the consumption of gas, as some of the heat
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was never transferred to the water at all, but went out­

side the vessel into space. However, the waste of heat, 

whatever it was, may be taken to be at about the same rate 

during the whole time the gas flame was in use, so that 

if it took 3 minutes to warm up the 1 lb. of water from 

60° to 212°, it would take about 19 minutes to transform 

the whole of the 1 lb. of water into steam, so as to leave 

the vessel empty. Thus, as 152 : 966 :: 3 : 19 minutes. 

For the same reason, if it took, say, x cubic feet of gas 

to impart the necessary heat of 152°, it would require 

the consumption of about 6’ 3 x cubic feet of gas to com­

plete the operation of transforming the entire 1 lb. of 

water into steam. Thus, as 152 : 966 :: x cubic feet: 6'3 x 

cubic feet.

12. Let us carry this matter a little further. Suppose 

that the vessel, Fig. 3, open at the top, has 1 lb. of 

water (W) in the upper compartment, and is heated, 

not by a gas burner, but by pressure steam in the lower



STEAM. 41

compartment (S), the steam being admitted at I at, 

say, 25 lbs. pressure to the square inch, O being the 

drain or escape for the water as the steam condenses. 

The following results will be obtained :—

13. The heat imparted by the steam—that is, its sens­

ible heat—will be brought into contact with the colder 

water above, the steam (S) will give up its latent heat, 

which the water (W) will at once absorb, and carry it 

away as steam, ready to re-deliver it back to any cold 

substance that is presented to it, and then reduce itself 

back again to water. The surface of the partition between 

S and W would have to be larger than when a gas 

burner was used ; but, given a surface large enough, the 

results will be the same.

14. From the foregoing experiment, the following points 

are to be noted :—Here a certain area or surface was 

exposed, on one side to the heat of steam, and on the 

other side to a certain quantity of water. The steam and 

water surfaces being in contact with the separating plate, 

the sensible heat (266°) from the pressure steam was im­

parted to the water above it, which absorbed such heat, 

and caused the steam (S) to be at once converted into 

water. The steam, at the same time, gave out its latent 

heat, and also occupied a considerably less space as water 

than it did as steam (the specific volume at that pressure 

being 645—i.e., the steam occupied C45 times the space 

it occupies as water). The moment, therefore, that 

liquefaction took place, the space, thus free, was instantly- 

occupied by more steam at 25 lbs. pressure, and this 

process was continually going on until the entire 1 lb. of 

water (W) was converted into steam.

15. It is, therefore, clear from this, that the heat
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imparted (after heating the water up to its boiling point) 

was carried off by the steam into space.

It is also clear that the steam (S), having a tempera­

ture of 266°, was presented to the surface of the partition 

under the water, and the steam thus continually supplied 

to replace what was liquefied, at the same time continu­

ally giving up its latent heat of 927 B.T.U. until the whole 

of the 1 lb. of water (W) was converted into steam, which 

required 966 B.T.U. It is also dear that the steam (S), 

by giving up its latent heat as above described, and be­

coming water, escaped at 0 with a temperature of 266° 

still left in it.

16. To carry this point a little further still. Suppose 

the vessel is closed at the top, so as to enable a pres­

sure being exerted inside the vessel (an outlet for such 

pressure steam being provided on the cover, controlled 

if required by a valve or cock). Suppose, also, provision 

is made for feeding water into the vessel, as it is 

gradually boiled away ; and, lastly, suppose that the 

vessel is provided with a coil or worm placed inside, 

and the interior of the coil supplied with pressure steam.

17. Fig. 4 shows the apparatus now referred to, which 

may be recognised as a crude design of an ordinary 

evaporator, with a coil. C is the steam inlet to coil, 

E is the escape for the vapour, A is the feed inlet for 

replacing the water as it is gradually boiled away, B 

is the outlet for the brine, and D is for the discharge 

of the condensed steam from inside the coils, and F is 

the steam-room.

18. Suppose, now, the new steam generated inside the 

vessel, usually called secondary steam (to distinguish it 

from the steam inside the coil, usually called primary 

steam) is led into a condenser, and by the agency of cold
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water such secondary steam is again reduced to a state 

of water. This secondary steam or vapour in the opera­

tion of being transformed or re-converted into water, will 

return the latent heat it absorbed, when, as water, it 

was converted into steam.

Primary and Secondary Steam.

19. The primary steam which was supplied to the 

interior of the coil, in the same manner, by imparting 

its heat to the water surrounding the coil, lias itself, in 

the same way, been reduced to a state of water (primary 

water). If during a given period of time, therefore, the

■■■■■■■
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primary water, thus resulting, is measured against the 

secondary water resulting from the condensation of the 

secondary steam, we have at once the proportion of 

the one to the other, which represents the economy of 

the process ; because the primary steam was necessarily 

obtained by the agency of fuel (say coal). One has 

really, therefore, to consider the weight of coal or other 

fuel required first to obtain a sufficiency of primary steam 

to produce the secondary steam. Such secondary steam 

is consequently termed (as its name would imply) gained 

steam—i.e., extra to the primary steam directly obtained 

by the consumption of coal or other fuel.

Compound Distillation.

20. From the foregoing explanation, it will be gathered 

that the relationship between primary and secondary 

steam is such that by raising the pressure of the primary 

steam, and then getting a pressure on the secondary 

steam, this new steam may in its turn be used as prim­

ary steam to another evaporator, working on the same 

lines, and thus be the means of obtaining a further supply 

of gained steam, which will also be obtained for the same 

consumption of fuel, because we have seen that it takes 

practically the same amount of heat—that is, fuel con­

sumed—to generate steam at any pressure.

Note.—The pursuance of this matter leads to an ex­

planation of multiple distillation, which is best dealt with 

läter on under the title of “ Multiple Distillation.”

The Heat of Primary Steam at Varying Pressures.

21. We have now to compare the effect of different 

pressures of primary steam, supplied to the interior of a 

coil, all other conditions being the same. The pressures
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we propose to compare are 10 lbs., 25 lbs., and 75 lbs. 

to the square inch.

First.—Take a primary steam pressure of 10 lbs. per 

square inch inside the coil. We find, by the foregoing 

Table E, that its sensible, heat is 239°, and that this is 

27° above 212°, the temperature of the boiling sea water 

outside the coil, and that the latent heat of this primary 

steam at this pressure is 946 units. If there is this 

pressure of steam inside the coil, and the water outside 

of the coil is at a temperature of 212°, and has to be 

converted into steam at ordinary atmospheric pressure, 

the latent heat required for this purpose will be as 

946 : 966 :: 1: 1’021, or 946 x 1'02, which equals 964 units. 

The primary steam will also have been converted into 

1 lb. of primary water, which will then escape, with a tem­

perature of 239°, the sensible heat of the steam at 

10 lbs. pressure.

Secondly.—Take a pressure of 25 lbs. per square inch. 

This, by Table E, is shown to have a sensible heat of 

266°, which is 54° above 212°, the boiling point of the 

water outside of the coil. The latent heat required to 

convert it into steam is still 966°. As the latent heat of 

the primary steam at a pressure of 25 lbs. per square 

inch is 927 units, the latent heat, therefore, required, to 

convert the 1 lb. of boiling water into steam will be as 

927 : 966 :: 1 : 1'042, or 927 x 1'042, which equals 964.

Thirdly.—Take primary steam at 75 lbs. pressure, the 

temperature of which is 320°—that is, 108° above 212°— 

and the latent heat of such primary steam 889°. To 

provide the 966 units of heat to convert the 1 lb. of 

boiling water into steam), the 889 units of latent 

heat must be multiplied by 1’087, which equals 966 

(as 889 : 966 :: 1 : 1’087).
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22. From the above three cases, the following points 

should be noted :—

First.—That in all three cases there was owfeide the 

coil the same “ sensible ” heat of 212°, and the same 

" latent ” heat of 966 units, that being the heat required 

to convert the 1 lb. of water into steam at atmospheric 

•pressure.

Secondly.—That in all three cases the heat mside the 

coils was different—that is, the “ sensible ” heat not only 

increased as each pressure got higher, but got higher in 

the ratio of 1, 2, and 4, as regards the amount of 

sensible heat above that outside the coil. Thus—

Sensible heat of 10 lbs. pres, steam = 239 - 212=: 27 units

„ 25 lbs. „ =266- 212= 54 „

„ 75 lbs. „ = 320- 212—108 „

so that 54 is double 27, and 108 is double 54.

Thirdly.—That in all three cases the “ latent ” heat, 

inside the coil, decreased as each pressure got higher, 

and decreased in nearly the ratio of 1,2, and 4, as 

regards the latent heat outside the coil. Thus—

Latent heat of 10 lbs. pres, steam = 966- 946 20 units.

„ 25 lbs. „ = 966- 927--39 „

„ 75 lbs. „ — 966- 889—77 „

i.e., 39 is (nearly) double 20, and 77 is (nearly) double 39.

23. The outcome of the foregoing observations is that 

the primary steam is capable, as we should expect in 

theory, and as we find in practice, of imparting its “ sens­

ible ” heat in proportion to its intensity above that of 

sea water, to which it imparts its heat. Therefore (other 

conditions being kept to), steam at 25 lbs. pressure is 

capable of evaporating (in point of time) twice as much
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sea water as steam at 10 lbs. pressure will do, and steam 

at 75 lbs. pressure will (in point of time) evaporate twice 

as much sea water as steam at 25 lbs. pressure will do.

24. Therefore, with the same amount of coil surface 

for each case, the 25 lbs. pressure steam will be able to 

evaporate 2 lbs. of water in the same time that the 10 lbs. 

pressure steam would take to evaporate 1 lb., and the 

steam at 75 lbs. pressure will be able to evaporate 4 lbs. 

of water in the same time as it would take the steam at 

25 lbs. pressure to evaporate the 2 lbs. of water. Or, put 

in another way, it would take the above pressures of 25 lbs. 

and 75 lbs. half and quarter of the time it takes the steam 

at 10 lbs. pressure to evaporate 1 lb. of water. This is 

due to the proportionate intensity of the heat of the 

steam (at each of the above pressures) above that of the 

sea water it has to evaporate.

25. In comparing the economy of the above three pres­

sures of steam—viz., 10 lbs., 25 lbs., and 75 lbs. pressure— 

the latent heat required inside the coil has to be kept up 

so as to be sufficient to meet the latent heat required to 

evaporate the water owfeide the coil, so that the ratio in 

each case will be as follows :—

As 946 : 966 :: 1 lb. (weight) of steam : 1021 in case (1) 

As 927 : 966 :: 1 „ „ . : L042 „ (2)

As 889 : 966 :: 1 : 1*087 „ (3)

which is the same ratio of 1, 2 and 4.

Sensible Heat in Primary Water.

26. It must not be forgotten that there is sensible heat 

still remaining in the primary water produced wiside the 

coil, after the latent heat has been abstracted, and that 

this has not yet been counted. When this is taken into
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account the above multipliers will not be required. 
Thus—

1st case, . 946 units of latent heat.
Add, . 27 units sensible heat (239-212—27).

973 B.T.U., total.

2nd case, . 927 units of latent heat.
Add, . 54 units sensible heat (266- 212 = 54).

981 B.T.U., total.

3rd case, . 889 units of latent heat.
Add, . 108 units sensible heat (320-212= 108).

997 B.T.U., total.

Feed Temperature.

27. It must be borne in mind that in the above calcu­
lations no allowance has been made for waste of heat, nor 
for the heat required to heat the feed-water up to the 
boiling point. The object has been to show as clearly as 
possible the efficiency of various pressures, without being 
obscured by minor details.

28. In practice, the feed is 1| times the evaporation, 
and its temperature (as it enters the evaporator) about 
150° or more, so that to meet these conditions an ad­
justment is necessary. Thus, the feed, being half as 
much again as the evaporation, there is, first of all, a 
quantity of 1| lbs. of water to be heated up from 150° to 
212°, i.e., 62 x 1| = 93 units + 966 (latent heat) = 1,059 
units, in each case, instead of only 966 units, the heat
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stated as required for oufeide the coils. This will, how­

ever, be more exhaustively dealt with in Chapter vi.

Condensation.

29. What has been said above with regard to evapora­

tion of steam applies equally (though conversely) to its 

condensation. Thus, the secondary steam, escaping from 

the evaporator at a temperature of 212° of sensible heat, 

is also charged with its latent heat of 966 units. If this 

steam has to be condensed into water, a sufficient quantity 

of circulation water must be supplied, not only to absorb 

this latent heat, in order to condense this secondary steam 

into secondary water, at the temperature of 212°, but also 

siifficient circulation water to cool such boiling hot water 

down from 212° to whatever temperature is specified. 

This matter will, however, be more fully dealt with when 

the chapter on the Distilling Condenser is reached.

Note.—The rule that the amount of heat used to con­

vert a specific quantity of water into steam is precisely 

the same as the amount of heat that is imparted when 

that steam is re-converted into water, is simply the axiom 

propounded by Carnot, which is, in practice, as follows :— 

Any substance transformed from one physical state to 

another, and then re-converted to its original state, so 

as to be identical therewith, the heat it has after re-con­

version is precisely the same as it originally had. So that 

1 lb. of water, at a specific temperature converted into 

steam, and then re-converted into 1 lb. of water at its 

original temperature, all the heat spent in the conversion 

into steam is recovered when the steam is re-converted 

into water at its original temperature. This is, of course, 

ignoring waste of heat during the process.
4
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Compound Distillation.

30. The above observations have been confined to a 
constant pressure (that of the atmosphere) outside of the 
coils. It will, however, be found, when we consider com­
pound or multiple distillation, that the rules above given 
are equally applicable when the outside pressure is varied.

Pressures below Atmospheric Pressure.

31. Hitherto secondary pressures, more or less low, have 
been dealt with. It is true, they have been very low, but 
they have been at or just above atmospheric pressure. It 
is, however, possible to evaporate at what is called a 
vacuum or minus pressure, often described as so many 
inches of mercury—that is, taking the height of 30 inches 
of mercury as counterbalancing the atmosphere. As 
atmospheric pressure is equal to 14’7 lbs. per square inch, 
every | lb. per square inch below the atmosphere would, 
therefore, equal about 1 inch in a column of mercury. 
Table E., on p. 33 (in the first column) gives the pro­
perties of steam at such negative pressures.

Note.—The term “ vacuum ” is frequently used as 
being any pressure below that of the atmosphere at ocean 
level. It would be less confusing if a pressure which is 
beloio that of ordinary atmospheric pressure were referred 
to by another name than that of a vacuum. Jf water is 
converted into steam in an open vessel at ocean level, 
the evaporation will take place at what is called atmo­
spheric pressure, so that the temperature of the water 
when boiling will be at 212°, and the specific volume of 
the steam will be 1,643. If, however, that open vessel 
be taken to a considerable altitude above ocean level, the
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water will boil below 212°, and the specific volume of the 

steam will be correspondingly greater. There is clearly 

no vacuum in either case. Yet, if the vessel be closed, 

instead of open, and the water made to boil at the same 

low temperature as when boiling in an open vessel at an 

altitude, by drawing away the steam by the action of a 

condenser and air pump, the evaporator is said to work 

at a vacuum, whereas it is only working at a specific 

pressure below ordinary atmospheric pressure. In both 

cases the upper part of the vessel is entirely filled with 

steam, but in the one case the steam is denser than in 

the other—that is, its specific volume varies according as 

the load is added to or taken from off the water that is 

being evaporated, and the temperature corresponds with 

the pressure, whatever it may be.

Note.—The boiling point at altitudes may be taken as 

1° F. less than 212° for every 590 feet of ascent.

32. The object of this slight digression was only to 

make the subject of pressures above and below that of 

the atmosphere at ocean level easily understood, and it 

would be more convenient if all pressures were under­

stood, as being above the weight of the atmosphere at 

the level of the ocean, unless denoted by a minus indica­

tion, to be below atmospheric weight. There would then 

be no confusion of ideas as to the condition of things 

when pressures are above or below atmospheric pressure. 

The same rules equally apply in both cases, and calcu­

lations with regard to sensible heat, latent heat, and total 

heat at different pressures are ascertainable by exactly 

the same process, and by reference to the Table E (p. 

33) of the properties of saturated steam.

33. It will, therefore, be seen that as the pressure be-
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comes lower, over the water from which the secondary 

steam is being evaporated, the lower may be the pressure 

of the primary steam to generate it. Thus with, say, the 

utmost minus pressure that can be obtained (even down 

to a vacuum, when water will boil at below 80° F.), if the 

water outside the coil is made to boil by a suitable pres­

sure of steam inside the coil, there is no reason for not 

carrying the system of evaporation by steam heat thus 

far—that is, if it can be done advantageously in practice. 

The subject is, however, better dealt with in Chapter vi., 

which explains the evaporator in detail. Some evapora­

tors are arranged for a primary pressure of, say, 6 to 

8 lbs. per square inch with a minus pressure indicated 

by 8 to 10 inches for the secondary pressure, whilst in 

others the primary pressure is less, say, 4 to 6 lbs. per 

square inch, and a correspondingly lower pressure for the 

generating of the secondary steam outside the coil. This 

will be referred to again later on.

34. Having treated of “ Steam ” and its properties, 

generally, before dealing with the evaporator, which both 

uses and generates more of it, it is well first to treat of 

“ Fuel ” by which the initial heat is obtained to produce 

the primary steam.
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CHAPTER V.

FUELS.

General Remarks.

1. As the cost of obtaining the primary steam is involved 

in the economy of a distilling apparatus, it is well to 

consider the subject of fuel; its importance is most 

clearly manifested in the distillation of sea water, 

when carried out by means of compound or multiple 

distillation. The most usual fuels are coal, coke, wood, 

petroleum, and gas. Therefore, one has a variety of fuel, 

in a state or condition that is either solid or liquid, or 

gaseous. As coal is the fuel that is most common, we 

will begin with coal and coke.

Note.—The experiments of Dulong show that 1 lb. of 

carbon is capable of emitting 12,906 B.T.U. when burnt, 

and that 1 lb. of hydrogen when consumed is capable of 

emitting 62,535 B.T.U. Therefore, the heat that various 

fuels of this class (hydrocarbons) are able to emit is the 

proportion in which these two combustibles are combined 

with each other. If, however, oxygen is also present in 

the fuel it will neutralise the hydrogen also present to the 

extent that it is combinable with that gas in forming 

water. Water consists of 2 atoms of hydrogen to 1 atom 

of oxygen, and as the atomic weight of oxygen is 16, 

whilst that of hydrogen is 1, it follows that in water 

oxygen has a preponderance of 8 to 1 over hydrogen as
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regards weight. Therefore, the quantity of hydrogen 
must have deducted from it | of the quantity of oxygen 
present, and the surplus hydrogen only can be counted 
for giving heat. (See paragraph 26, on page 66.)

(a) Coal and Coke.

2. The composition of coal, according to the analysis of 
Péclet and others, is, approximately, as follows :—

Coal. Coke.

Carbon, per cent.. 80-40 85
Hydrogen, ,, 5-19 0
Oxygen, 7-87 0
Nitrogen, ,, 2-46 0

95-92 85
Refuse (ashes), say 4'08 15

Total, 100-00 100

According to the foregoing analysis, therefore, 1 lb. of 
coal should be capable, when burnt, of yielding heat as 
under. (Coke is simply 85 X 12,906 = 10,970 B.T.U.):—

B.T.U.

Carbon,. . . 0'804 (i.e., 80’4%) x 12,906 = 10,376
Hydrogen, 0'05190

Less, 0’00984 used with its oxygen to 
form water
(0-0787-7-8 = 0-00984).

0'04206 surplus hydrogen x 62,535 = 2,732

B.T.U. obtainable from 1 lb. of coal . 13,108



FUELS. 55

Coal exists in many varieties. The most important 

are :—

Anthracite class, which is almost pure carbon, and with 

this class may be included the hard Welsh steam coal. 

When burnt, the heat of this class of coal is very 

intense.

Bituminous coal, which may be more or less hard, so 

as to be suitable to some extent for the same uses as the 

anthracite coal, or more or less soft, when it borders on 

a gas-making coal.

Cannel coal, which is used almost exclusively for gas­

making.

3. Coal varies considerably in its heating capacity— 

that is, its heat-giving power. The heat capacity is 

usually specified by the number of units of heat it is 

capable of emitting per lb. consumed—that is, the num­

ber of units (B.T.U.) 1 lb. of coal is capable of imparting 

to water, so as to convert a proportionate weight (say in 

lbs.) of water into steam.

4. We know that to convert 1 lb. of water into steam 

at 212°, at atmospheric pressure, it requires 966 B.T.U. 

Therefore, if a certain quality of coal is capable of con­

verting 10 lbs. of water (in ordinary working of a boiler), 

the calorific effect of such coal may be stated to be 9,660 

(i.e., 966 x 10 = 9660). Of course, experiments with 

coal scientifically conducted may show a considerably 

higher efficiency, and the theoretical heating capacity 

may be, and in point of fact is, specified at about 30 to 

50 per cent, more, but this cannot be realised in the 

ordinary working of a boiler, however economically the 

working in practice may be. By scientific experiments, 

made with something like 100 specimens of coal—English,
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Welsh, and Scotch—conducted by Playfair and De La 

Beche, we are told that the average heat obtained 

amounted to 13,000 B.T.U. per lb. of coal. This is by 

calorimeter.

5. In a series of practical experiments made with the 

consumption of coal whilst working a boiler, conducted 

by H.M. Commissioners, some little while back, it was 

found as follows :—

Lbs. of Water

Kind of Coal.
B.T.U. 
per lb.

Vaporisable at 
Atmospheric

Pressure at 212°

Welsh,................................ 8,800 9-0
Newcastle, .... 8,000 8-0
Lancashire, .... 7,700 8-0
Scotch, ................................. 7,450 7'7
Derbyshire, .... 7,400 7-5

Note.—All the above experiments appear to have been 

obtained whilst working with a small Cornish boiler of 

7 H.P. With a boiler larger and more up-to-date the 

results would have been increased about 10 to 12 per 

cent. These different coals have been detailed here, 

because it will be found, when we come to the chapter 

on Multiple Distillation, that the quality of the fuel is 

a very important question.

The opposite Table (G) gives the heating power of 

various descriptions of coal, and of other fuels, as 

compared with Welsh coal.

Note.—Column (a) is approximate only, because the 

reports given of the heat obtained from fuels of the 

same description vary somewhat.



F U E L S . 5 7

T A B L E  G .— W e l s h  C o a l  c o m p a r e d  w i t h  o t h e r  C o m b u s t i b l e s .

C o l . ( a )  —  C o m p a r a t iv e  H e a t in g  P o w e r  o f  v a r io u s  f u e l s .

„ ( 6 ) —  C o m p a r a t iv e  W e ig h t s  o f  f u e l  t o  g iv e  t h e  s a m e  h e a t .

D e s c r ip t io n  o f  F u e l . ( a ) . ( & ) .

1 W e l s h  c o a l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 - 0 0 0 1 ’0 0 0

N e w c a s t l e  c o a l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 9 1 6 1 0 9 1

D e r b y s h i r e  c o a l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 9 1 - 1 1 1

L a n c a s h i r e  c o a l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 9 1 1 1 1

1 S c o tc h  c o a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 9 1 3 1 - 0 9 5

Y o r k s h i r e  c o a l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 '9 1 5 r o 9 i

C o k e , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 7 1 1 - 4 0 8

C h a r c o a l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 '7 7 9 1 - 2 8 5

P a te n t  f u e l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 - 5 0 - 8 3

W o o d  ( d r y  a n d  h a r d ) , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 ’4 2 2 '3 8 1

P e t r o le u m , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 - 2 9 0 - 7 7 5

A lc o h o l  ( s p i r i ts  o f  w in e ) , . . . . 0 - 9 7 1 - 0 3 2

T o w n  g a s  ( 3 0  c f . =  1  l b . ) , . 1 - 3 8 5 0 - 7

Note.—O n e  t o n  o f c o a l p r o d u c e s 1 c h a ld r o n  o f c o k e  ; 

a n d  a p p r o x im a te ly  1  t o n  e q u a l s  1 | c h a ld r o n s .

O n e  t o n  o f  l o o s e  c o a l a v e r a g e s  a b o u t  4 5  c u b ic  f e e t , a n d  

a  c h a ld r o n  o f  c o k e  a v e r a g e s  7 5  c u b ic  f e e t .

( J ) P a te n t F u e l s .

6 . B e s id e s  c o a l , t h e r e  a r e  v a r io u s  m ix tu r e s  o f  c o a l d u s t  

w i th  c o a l t a r , & c . , k n o w n  a s  p a te n t  f u e l s . T h e  h e a t in g  

p o w e r o f t h e s e  m ix tu r e s  v a r i e s  a  g o o d  d e a l , m u c h  d e ­

p e n d in g  u p o n  t h e  c la s s  o f  c o a l  u s e d  i n  t h e  m ix tu r e . T h e s e  

f u e l s a r e  u s u a l ly  i n  t h e  s h a p e  o f b r iq u e t t e s , w h ic h  c a n  

b e  b r o k e n  u p  a n d  u s e d  a s  r e q u i r e d .

( c ) W o o d  a n d  (d) P e tr o le u m .

7 . I t  i s  n o t  u n c o m m o n  t o  h a v e  b o i l e r s  f i r e d  w i th  w o o d  

o r  p e t r o le u m , e s p e c ia l ly  a b r o a d ,  w h e r e  c o a l  i s  m o r e  c o s t ly .  

T h e  T a b le  ( G ) j u s t g iv e n , s h o w s  t h a t w o o d  i s  c o n s id e r -
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ably less powerful than coal in giving heat, whilst pet­

roleum is a good deal more so.

8. Wood fuel entirely depends on its dryness, and its 

closeness or density, for its power of giving heat, as the 

composition does not vary. In India, larch or Casuarina 

plantations are cultivated to supply wood fuel. The 

heating power of wood is about half to a third that of the 

same weight of coal.

Note.—The heating power of wood may be taken as 

follows :—One lb. of perfectly dry wood contains 0'51 of 

carbon, whilst the residue, 0’47, consists of hydrogen, 

0'053, and oxygen, 0'417. In the process of combustion 

this 0‘47 of hydrogen and oxygen must be ignored, as 

they combine so as to form water. Thus we have—

B.T.U. 
Carbon, 051 x 12,906 = 6,582 
Hydrogen, . 0'053

Less, . 0’052 used with oxygen to

form water

(0-417 4- 8 = 0-052).

0'001 surplus x 62,535 . (say) = 62

B.T.U. obtainable from 1 lb. of dry wood . . = 6,644

The prolonged experiments of Péclet in wood com­

bustion in a practical way show that from about 3,500 

to 5,500 B.T.U. is the heat obtainable per lb. of wood of 

ordinary dryness. 3,500 B.T.U. seem rather low, whilst 

5,500 B.T.U. seem rather high in practice. The effect 

of moisture in wood can be demonstrated as follows by- 

dealing with 1 lb. of wood having, say, 20 per cent, of 

moisture, which is ordinary dryness.
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B.T.U.

One pound of dry wood, as above, . . . = 6,644

If there is 20 per cent, of moisture, first deduct

20 per cent, of 6,644 ............................................= 1,329

5,315

From this must then be deducted 20 per cent, of

966, for the latent heat absorbable by the 

moisture being converted into steam during 

the combustion of the wood (20 per cent.

of 966 = 193)................................................... = 193

Heat given from ordinarily dry wood (i.e., with

20 per cent, of moisture)................................... = 5,122

9. Petroleum is now coming a good deal into use for 

boiler work. It is convenient, but furnaces have to be 

specially constructed for its use—that is, the liquid fuel 

has to be injected into the furnace. Its heat-giving power 

is about 30 to 50 per cent, more than the same weight of 

coal, and may be calculated with the assistance of Table 
I, on p. 61.

22. In Seaton and Rounthwaite’s Pocket-book of Marine 

Engineering is given the following classification of various 

descriptions of coal, and these are further compared with 

wood and petroleum. The following Table H, based 

thereon, shows that Welsh coal has the greatest heat­

giving power amongst the coals, but that petroleum has 

about 25 per cent, more heating power than the best 

Welsh coal. This, it may be added, is the theoretical 

heat power in B.T.U. per lb. of fuel. In actual practice
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—i.e., in boiler working—these heating capacities may be 
reduced by 30 to 40 per cent, in ordinary work.

TABLE H.

Description of Fuel.
Total Heat Units 

of Combustion 
(B.T.U.)

Pounds 
Evaporated 

at 212°.

Welsh steam coal, average, 15,564 16-11
Newcastle, average,................................ 14,820 15-34
Derbyshire, ......................................... 13,860 14’34
S. Yorkshire, „................................ 14,296 14'80
Lancashire, „ . ... . 13,918 14-40
Scotch, .........................................
Coal (a mean of 37 specimens of various

14,164 14-65

descriptions),................................ 13,006 11-34
Coke,........................................................ 10,970 11-35
Charcoal,................................................ 12,000 12'42
Wood (dry),........................................ 6,582 6-81
Wood (ordinary),................................ 5,260 5'45
Peat (fairly dry),................................ 8,736 to 9,951 9 to 10'3

„ (ordinary),................................
Petroleum—American (ordinary crude),

7,151
20,240 20’95

„ Refuse................................... 19,240 20'00
„ Caucasian (crude), 20,138 20'83

Town gas, about................................ 18,000 18-73

Note.—To this Table H may be added the heat of 
combustion of alcohol (spirits of wine), which, when pure, 
has a heat-giving power of about 12,000 B.T.U. for every 
1 lb. of alcohol (sp. gr., 0’79) consumed. About I2| lbs. 
of alcohol would go to the gallon, and, therefore, 1 gallon 
of alcohol would be able to impart about 150,000 B.T.U. 
( = 12,000 B.T.U. per 1 lb.), but the spirits of wine of 
commerce contains from 15 to 20 per cent, of water, so 
that its heating power would have to be correspondingly 
lowered in the same proportion—i.e., 15 to 20 per cent, 
less than 12,000 B.T.U. per lb. The heating power of 
alcohol may be taken as about equal to that of coal 
(weight for weight).
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T A B L E  I .— C o m p o s i t i o n  o f  V a r i o u s  C o m b u s t i b l e s , a s  g i v e n  b y  

P é c l e t  a n d  O t h e r s  (P e r c e n t a g e s ) .

C o m p o n e n t P a rts . C o a l. C o k e .
W o o d  

(D ry ) .

P e a t  

(D ry )-

P e tro le u m  

P a ra f fin  

(O il) .

A lc o h o l.

P u re  

S p ir its  o f  

W in e .

C a rb o n ,  

O x y g e n ,  

H y d ro g e n , . 

N itro g e n ,

A s h e s  o r  re fu s e ,  

T o ta l, .

8 0 ’4 0  

7 ’8 7

5 -1 9  

2 '4 6

8 5 5 1

4 1 -7

5 ’3

5 8

3 1

6

8 5 '2 2

1 4 '7 8

5 2 -0  

3 4 -3

1 3 '7

9 5 -9 2

4 -0 8

8 5

1 5

9 8 -0

2 -0

9 5

5

1 0 0 -0 0  

. .

1 0 0 -0

1 0 0 -0 0 1 0 0 1 0 0 -0  1 0 0 1 0 0 -0 0 1 0 0 -0  i

T h e  a p p ro x im a te  h e a tin g  p o w e r  p e r 1 lb . is  a s  fo llo w s  :—

B .T .U . (T a b le  H ). 1 5 ,6 0 0 1 1 ,0 0 0 6 ,6 0 0 7 ,2 0 0 2 0 ,0 0 0 1 2 ,0 0 0

(e) C o a l G a s .

1 1 . W e  h a v e  h ith e r to  c o n s id e re d  v a r io u s k in d s o f fu e l y 

b o th  solid a n d  liquid ; n o w , le t u s b r ie f ly  n o tic e  gas a s  

a  fu e l .

1 2 . C o a l g a s is re a lly th e o n ly  g a s w e n e e d  c o n s id e r ,  

a s  n o  o th e r is s o  re a d ily  p ro v id e d  fo r  o u r u s e  fo r h e a tin g  

p u rp o se s , a n d  i t is , o f c o u rse , o n ly  a s re g a rd s i ts  h e a tin g  

p o w e r th a t w e  n e e d  c o n c e rn  o u rs e lv e s , in  d e a lin g  w ith  i ts  

u s e fo r d is til la tio n p u rp o s e s . Petroleum is s o m e tim e s  

v o la ti lis e d  b y  a n  a p p a ra tu s  w h ic h  is a d a p te d  fo r h o u s e ­

h o ld  u s e , a n d  th e  v a p o u r th u s p ro d u c e d  is m ix e d  w ith  

v a r io u s p ro p o r tio n s o f a ir , s o a s to  b e u s e d e ith e r fo r  

l ig h tin g  o r fo r h e a tin g  p u rp o s e s . A  fu r th e r d e s c r ip tio n  

o f th e  a p p a ra tu s m a y  b e  o b ta in e d  o n  a p p lic a tio n  to  th e  

m a k e rs o f th is c la s s o f a p p a ra tu s . Acetylene is a lso a  

g a s th a t is m a d e b y  a n  a p p a ra tu s s u ita b le fo r a  h o u s e -
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hold. Particulars thereof may be obtained on applica­

tion to the makers of the apparatus.

13. When it is necessary to produce distilled water in 

only very small quantities, and at intervals—e.g., for use 

in a large household for drinking water, or for electrical 

generating stations in connection with accumulators or 

storage batteries—gas affords a very handy means of 

supplying the heat needed to evaporate water that is too 

saline or otherwise impure for such uses. It can be 

turned on and off at pleasure, so that the initial cost of 

gas, as compared with coal, is very much diminished 

when this is taken into consideration. A coal fire would 

be too small for such a purpose, and would require keep­

ing up, while oil, with its wick and constant cleaning of 

the lamp, is not so convenient as gas. The arrangement 

of a small distilling plant heated by gas will be described 

later on in Chapter x.

14. Town gas, as manufactured by the various gas 

companies, is supplied at a rate varying from 2s. 6d. to 

3s. per 1,000 cubic feet.

15. The specific gravity of coal gas is 0’45 (air being 

1), and the weight of 1,000 cubic feet of gas is, therefore, 

about 33 lbs. One thousand cubic feet of gas has a heat 

giving power of about 570,000 to 600,000 B.T.U., and 

1,000 cubic feet of gas is produced by about 0-095 to 

0’1 ton of average coal, or, put conversely, 1 ton of coal 

will yield about 9,500 to 10,000 cubic feet of gas. Much, 

of course, depends upon the kind of coal used.

Composition of Gas.

16. Coal gas is obtained by the destructive distillation 

of coal, and its composition (by volume) is approximately 

as follows :—
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P er cen t.

H y d ro g en , .................................... 5 4

H y d ro ca rb o n s (m arsh  g as , & c.)>  . . 3 5

C arb o n  m o n o x id e , .............................. 6

S u n d ries , m o stly  n itro g en , ...  5

1 0 0

W h en  co a l g as is m ix ed  w ith  a ir , in  th e p ro p o rtio n  o f  

1 o f g as to  fro m  4 to 1 4 o f a ir , th e m ix tu re  w ill ex p lo d e  

o n  b e in g  ig n ited . T h e m o st h ig h ly  ex p lo s iv e  p ro p o rtio n  

is 1 o f g as to  8  o f a ir .

G as P ressu re .

1 7 . T h e  av e rag e  p ressu re  o f to w n  g as , as su p p lied  b y  th e  

g as co m p an ies to  h o u ses , is fro m 1 to 3 in ch es h ead o f  

w ate r, o r  ab o u t 0 '0 3 7  to  O ’ 1 1 1  lb . p er  sq u a re  in ch . T h ere ­

fo re , w h en d esc rib in g th e am o u n t o f g as co n sum ed b y  

a p articu la r g as s to v e , it is u su a lly in ten d ed th a t th e  

p ressu re  a t m id -d ay  is m ean t, u n less o th e rw ise  s ta ted .

1 8 . T h e  fo llo w in g sh o rt T ab le  g iv es ap p ro x im a te ly  th e  

p ro p o rtio n a te  am o u n t o f g as  p assed  a t d ifferen t p ressu res .

T A B L E  J .— G a s  P r e s s u r e s .

If a  p ressu re o f 1 " h ead  o f w ater p asses 1 cu b . ft. o f g as th ro u g h  a g iv en  

b u rn er in  a  g iv en  tim e—

T h en , ,, IK 1 '2  „  th ro u g h  th e  sam e .

99 2 " 1 '4

99 99 2 F 1 '6

99 99 3 " 1 ’8

1 9 . A s th e m o d e o f m easu rin g  g as (b y  th e 1 ,0 0 0  cu b ic  

fee t) is n o t a lw ay s fu lly u n d ers to o d , th e fo llo w in g ex ­

p lan a tio n  is h ere g iv en . F o r m easu rin g  p u rp o ses , ev e ry  

cu b ic fo o t o f g as is tak en to b e a t th e p ressu re o f th e  

a tm o sp h ere , so th a t w h en g as is p ass in g th ro u g h th e
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meter (its pressure, whether equal to 3 inches head of 

water, or only 1 inch head of water, is immaterial) the 

consumer is charged for the number of cubic feet at 

atmospheric pressure. Thus, say that after the gas has 

passed through the meter it is allowed to escape into an 

inverted rccoivor, open sit flic bottom, tli6 interior dimen 

sions of which are 10 feet by 10 feet by 10 feet high, 

equalling 1,000 cubic feet. Gas, being about half the 

weight of air, will rise in the inverted receiver, and fill 

it with gas, the air being expelled downwards, and in a 

short time we shall have 1,000 cubic feet of gas at atmo­

spheric pressure. This is the rate at which the gas is 

charged for. If the gas entered the receiver with a pres­

sure of, say, 3 inches head of water behind it, it would 

obviously fill ths receiver in a shorter time than if the 

pressure behind the gas was only 1 inch head of water, 

but the quantity would be the same. It may be taken 

that the volume of the gas is practically unaffected by 

the ordinary pressure of supply in town mains.

20. A simple manner of ascertaining the pressure of 

the gas is to take a piece of india-rubber tube, having a 

short piece (say 6 inches) of glass tube at one end. If 

the rubber end is then put on an unlighted gas burner, 

and the glass tube dipped into a tumbler of water, the 

gas (when passing into the glass tube) will depress the 

water for, say, 3 inches out of the glass tube below the 

level in tumbler, and this will show there is a pressure of 

3 inches head of water.

—Before leaving the subject of gas, it may be 

interesting to compare its cost as against that of coal. 

For this purpose it is necessary to compare their following 

heating powers.
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Heating Power of Gas.

21. We have just seen that 1,000 cubic feet of gas will 

impart 600,000 B.T.U., and as 1,000 cubic feet weigh 

33 lbs., that makes 18,181 B.T.U. per lb. of gas. We have 

also seen that 1 ton of coal is capable of imparting, theo­

retically, 13,000 x 2,240 = 29,120,000 B.T.U. of heat, 

but in practice about 7,000 X 2,240 = 15,680,000. There­

fore, as 600,000 : 15,680,000 :: 3s. : 79s., or say £4, to 

obtain the 15,680,000 B.T.U., which 1 ton of coal is 

capable of imparting for about 25s.

22. This difference of cost between using gas and coal 

is, however, counterbalanced by the great reduction in 

the waste of heat, for gas can be lighted and turned off 

as occasion may require, but a coal fire has to be started 

for some time before it is used, and is giving out heat 

to no purpose long after it is required ; besides, a very 

large quantity of heat goes away into space, all the time 
the coal fire is in use.

23. Of course, the saving would not be obtained in the 

case of a large-sized boiler, working continuously and 

steadily for several hours. A coal fire would then be 

much more economical than gas, but in the case of a 

small generator that may be required to be worked for 

short periods, to meet special requirements, the use of 

gas would be far more economical and convenient than 
a coal fire.

(/) Recapitulation.

24. The most important point to be noted, so far as 

distillation is concerned, is the comparison between the 

heat required for water to become vaporised, and the 

heat that is procurable from the fuel used for that pur-
5
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pose. Thus, if 1 lb. of water at a certain temperature 

requires, say, 1,000 B.T.U. to convert it into 1 lb. weight 

of steam, and 1 lb. of a particular fuel is capable of im­

parting, say, 10,000 B.T.U. when burnt, the ratio will be 

one of fuel to ten of distilled water.

Heat from Coal, &c.

25. It should be mentioned that the results obtained 

by Dulong (stated on p. 53) are not quite the same as 

those of some other analysts. Thus in burning hydrogen 

no more than 39,000 to 42,000 B.T.U. have been obtained, 

against Dulong’s 62,535 B.T.U., by some analysts, whilst 

other reports practically agree with Dulong’s analysis.

Economy of Working.

26. The “ economy ” of working distilling machinery 

is the amount of distilled water that can be produced by 

the fuel used or consumed—i.e., weight for weight. There 

are, therefore, two points to consider—1st, the efficiency 

of the distilling apparatus, and 2nd, the heating power of 

the fuel. The heating power of various fuels has just 

been dealt with in this chapter, the efficiency of the dis­

tilling machinery will be dealt with as we consider the 

different types of apparatus.



6;

CHAPTER VI .

THE EVAPORATOR.

(A) General Outline—Steam Coil.

1. Th e term evaporator, as before-mentioned, is mostly 

applied to an apparatus which generates steam from sea 

water by the agency of steam heat, as distinguished from 

fire. Evaporators, therefore, are constructed with a coil 

or other form of heating surface, so arranged that steam, 

of a desired pressure, shall pass into the coil and then 

give out its heat to the surrounding sea water contained 

in a shell or casing. The steam inside the coil (called 

for convenience “ primary ” steam) in the act of giving 

up its heat, is itself condensed into “ primary water,” 

whilst the sea water is evaporated into steam (called for 

convenience “ secondary ” steam), and the saline matter 

is left behind.

2. Only a suitable part of the sea water is evaporated, 

and the portion that is not evaporated (usually called 

“ brine ”) is thus rendered stronger by the salinity of 

that portion which lias been evaporated.

3. These are the main outlines of an evaporator, but 

connected with this is the method of supplying such 

primary steam to best advantage—i.e., as to its pressure, 

and as to the discharge of the primary water from the 

interior of the coil, also as to the best manner of feeding 

and brining the evaporator, and many other points of a 

like nature, as to which various makers of evaporators 

have their own system. On main points, however, their
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opinions do not, in fact cannot, vary much, as all are 
governed by the laws of nature—the nature and 
properties of sea water as well as the properties of steam, 
which we have had under consideration, necessarily apply 
to all types of evaporators, although different makers 
may have their own special way of carrying out the 
details of their own make of evaporator.

Steam Pressure—Inside and Outside the Coil.

4. We have seen that the production, in a specified 
time, is increased or diminished according as the primary 
steam pressure (inside the coil) is raised or lowered, and 
that the back pressure (outside the coil) has the reverse 
effect—viz., that as the secondary, or back pressure, rises, 
so the production of secondary steam falls ; and as the 
back pressure lowers, so the production of secondary 
steam rises, the “ primary ” pressure, of course, being the 

same in both cases.

Use of Exhaust Steam in Coils.

5. A pressure of 20 lbs. per square inch inside the coil 
is suitable, when working with exhaust steam limited to 
25 lbs. pressure in the exhaust steam pipes on board a 
large ship, such as a cruiser or battleship. When, how­
ever, the evaporator is placed on smaller ships, such as 
a destroyer or torpedo boat, it is found better to take the 
primary steam direct from the boiler at a considerably 
higher pressure. The secondary steam can then be raised 
to a pressure varying from, say, | lb. to 15 lbs. per sq. inch.

6. On ocean liners, yachts, and ordinary steam ships, 
boiler steam is invariably supplied to the evaporator, 
which generates its secondary steam mostly at or about 
atmospheric pressure. This, as will be shown later on,
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is a much more simple and convenient form of working 

distilling apparatus.

7. The difficulty attending the use of exhaust steam 

for working the evaporator is its very unsteady pressure. 

It is not much used in ships of the mercantile marine for 

this very reason, and live boiler steam is the usual steam 

(primary) supplied to the evaporator.

Economy of Using Exhaust Steam.

8. The pressure of the primary steam supplied to the 

inside of the coil thus varies according to circumstances. 

Where there is plenty of steam available, of a low pressure, 

say from the exhaust steam pipe on a steam ship, it is 

evidently better to use the heat in this exhaust steam 

than to take live steam from a boiler working at a high 

pressure. Therefore, where there is exhaust steam not 

exceeding, say, 25 lbs. to the square inch, and there is 

ample space for the corresponding size of evaporator 

(which we shall see requires to be made larger), and 

arrangements are made to compensate for the varying 

pressure of the exhaust steam, it is more economical to 

use such exhaust steam.

Economy Generally.

9. The economy of working distilling apparatus (or 

rather the evaporator) is the proportion that exists be­

tween the amount of secondary, or gained, steam that is 

produced to the consumption of primary steam, weight 

for weight. By consumption of primary steam is meant 

the weight of primary steam that is re-converted into 

water in the operation of giving its latent heat for evapor­

ating the sea water, and thus generating the secondary 

steam.
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10. Economy is, therefore, a totally different matter 
from the evaporative power of an evaporator as against 
time, which we have just been considering with regard 
to the amount of heating surface required. Although 
large evaporators are naturally rather more economical 
than small ones, as relatively less heat is wasted, the 
primary steam required for a large production of secondary 
steam, or a small one, is proportionately the same. Thus, 
if it takes, say, 12 lbs. of primary steam to obtain 1 lb. 
of secondary steam (irrespective of the time taken in the 
operation), it will take 1*2 tons of primary steam to pro­
duce 1 ton of secondary steam, no matter what may be 
the amount of heating surface in operation, provided the 
type of apparatus and all the other conditions of working 
are kept to.

Note.—In specifying the economy of multiple distilling 
machinery, where the proportion of distilled water to 
coal consumption is specified, it is usual to state the 
economy as being so many lbs. (or tons) of water per 
1 lb. (or ton) of coal.

11. Thus, take the three cases before referred to, and 
first take the case where the primary pressure is at 10 lbs. 
per square inch. Every lb. of the Ij tons of feed-water 
will have to be heated from, say, 100° to 212°, and then 
f of the 1| tons (i.e., 1 ton) will have to be converted 
into steam. This will, therefore, require heat as follows :—

168 units of sensible heat to heat up the feed-water 

(212 - 100 X = 168).

966 units of latent heat for evaporation.

1,134 B.T.U. (total) to be found (per lb. evaporated).
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To meet this requirement, we have primary steam at 

10 lbs. pressure, with a latent heat of 946 units and a 

sensible heat of 239°, so that (if no advantage is taken 

of the heat left in the primary water after the primary 

steam has imparted its latent heat) we shall have an 

economy of 1,134 -i- 946 = 1'2—that is, 1'2 economy. 

If, however, we utilise the heat left in the primary water 

from 239° down to, say, 212°—that is, use 27° of it 

(239° - 212° = 27°)—the economy will then be improved 

as follows:—

946 the latent heat of steam at 10 lbs. pressure.

27 the sensible heat left in the primary water 

(239- 212 = 27).
__  1

973 B.T.U. total heat.

So that 1,134 4- 973 = 1166—i.e., 1’166 economy. Or, 

if the sensible heat left in the primary water is further 

used, so as to reduce it from 239 to, say, 150, the economy 

will be further improved as follows :—

946 the latent heat as before (10 lbs. pressure).

89 the sensible heat left in the primary water 

(239 - 150 = 89).

------  ■ 8
1,035 B.T.U. total heat.

So that the economy will then be 1,134 1,035 = 1’096

—i.e., 1-096 economy, or 1'096 lbs. (weight) of primary 

steam to obtain 1 lb. (weight) of secondary steam.

12. Now, take the primary steam at 25 lbs. pressure, 

and compare it with the 10 lbs. pressure in last section. 

There will still be the 168° of sensible heat to provide 

for, also the latent heat of 966° also, making a total, as
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before, of 1,134 units. But as the primary pressure is 

now 25 lbs. per square inch, with a latent heat of 927 units, 

the economy will be 1,134 - 927 = 1’22, assuming that 

the sensible heat still left in the primary water is 

wasted ; but if it is not wasted and is used (say for feed­

water heating) so as to reduce it to, say, 150°, then the 
economy will be as follows :—

927 the latent heat of the primary steam at 

25 lbs. pressure.

116 the sensible heat left in the primary water 

after reducing it to 150° (266 - 150=116). 

1,043 B.T.U. total.

The economy will then be 1,134 * 1,043 = 1 087 i.e., 

1 087 economy, or 1’087 lbs. of primary steam to obtain 

1 lb. of secondary or gained steam.

13. If, lastly, the primary pressure is at 75 lbs. per 

square inch, the economy will work out as follows :—

There will be the 1,134 units to provide for, as before. 

Then to meet this requirement we shall have as follows :  

888 the latent heat of the steam at 75 lbs. pressure, and 

if no use is made of the sensible heat, 277° left in the 

primary water, the economy will be 1-277—i.e., 1,134 4- 

888. If, however, the heat in the primary water is used, 

so as to lower it from 320° down to, say, 150°, the economy 
will then be as follows :—

888 the latent heat, as before.

170 the sensible heat (320 - 150 = 170).

1,058 B.T.U. total.

So that the economy will then be 1,134 1’058 = 1'07,



THE EVAPORATOR. 73

i .e., T07 lbs. of primary steam to obtain 1 lb. of gained 

steam (weight for weight).

14. From the above calculations it will be seen that the 

economy of working at various primary pressures is not 

very different, if none of the heat is wasted, or not 

accounted for. The variation of primary pressure, how­

ever, makes an enormous difference in the time production.

Economy of Low Pressures.

15. Up to the present, we have been treating of various 

primary pressures working with the same secondary pres­

sure at or just above that of the atmosphere. This is 

undoubtedly the most convenient pressure inside the 

evaporator. But sometimes it is desired to reduce the 

pressure outside the coil to a minus pressure—i.e., some 

lbs. below the weight of atmosphere, so that when work­

ing at what is called a vacuum, the sea water will boil 

at a lower temperature, and will do so rather more 

economically with a lower primary steam pressure than 

by evaporating the sea water at atmospheric pressure.

16. There is a saving of heat by working at low pres­

sures—that is to say, it is more economical to work with 

a low primary pressure than with a high primary pressure, 

and, consequently, with a low secondary pressure than’a 

high secondary pressure. A larger amount of surface 

may be required, but that is not the point now ; economy 

is being regarded, and the question is how much.

17. If the two primary pressures, 10 lbs. and 25 lbs., be 

compared, the latent heat of the former being 946 B.T.U., 

and of the latter 927 B.T.U., the economy would appear 

to be simply—as 946 : 927 :: 100 : 98—viz., 2 per cent, 

gained in economy. But it must not be forgotten that
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there is still heat in the primary water draining from the 
coils, which is generally cooled down to below 150°, so 
that the heat in such primary water (from the point at 
which it was converted into water) down to, say, 100°, 
is available for heating the feed from, say, 100°, and this 
should, therefore, be taken into account in a comparison 
of the economy.

Note.—In practice the feed-water is not heated quite 
up to the boiling point, nor is the primary water dis­
charged quite at the same temperature as the initial 
temperature of the feed (100°).

18. We will, therefore, compare three typical cases, as 
follows :—

(«)
( Primary pressure, 75 lbs. per square inch.
I Secondary pressure, 25 lbs „

(&)
J Primary pressure, 25 lbs.
I Secondary pressure, 0 lb.

(c)
J Primary pressure, 10 lbs.
I Secondary pressure, - 6 lbs.

(12" of mercury).

1st. Take the secondary heat required.

I n case (a) the secondary heat required is as follows :—

249 B.T.U.

927 „

For heating the feed-water from 100° 
to 266° = 166°, and as the quantity 
is 1| the evaporation, this would 
be 266 - 100 x 1| = 249 B.T.U.

Latent heat to evaporate 1 lb. of 
water at 25 lbs. pressure.

1,176 Total heat required.
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In case (&) the secondary heat required is as follows :— 

168 B.T.U. For heating feed (212- 100 x lj = 168). 
966 „ Latent heat to evaporate 1 lb. of 

water at atmospheric pressure.

1.134 „ Total heat required.

In case (c) the secondary heat required is as follows :— 

130 B.T.U. To heat feed (187 - 100x 1|= 130), 
984 ,, Latent heat to evaporate at-6 lbs. 

(12" mercury).

1.135 ,, Total heat required.

2nd. Now take the primary heat available.

In case (a) the primary heat is as follows :—

888 B.T.U. The latent heat (at 75 lbs. pressure).
220 „ The sensible heat remaining

(320- 100 = 220).

1,108 ,, Total heat available.

In case (6) the primary heat is as follows :—

927 B.T.U. Latent heat (at 25 lbs. pressure).
166 ,, Sensible heat left (266 - 100 = 166).

1,093 „ Total heat available.

In case (c) the primary heat is as follows :—

946 B.T.U. Latent heat (at 10 lbs. pressure).
139 „ Sensible heat left (239 - 100 = 139).

1,085 Total heat available.
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I Secondary „ — (atmospheric).

Therefore, the economy of the above three cases would 

work out and compare as follows :—

 . . ( Primary pressure =75 lbs. per sq. in.
In case (a) * „ „

a Secondary ,, =2olbs. „

As 1,108 : 1,176 :: 1 : 1 061 economy.

In c se (b) Primary pressure = 25 lbs. per sq. in.

As 1,093 : 1,134 :: I : 1 037 economy.

f Primary pressure = 10 lbs. per sq. in.

I Secondary ,, = - 6 lbs. ,,

(12" of mercury).

As 1,085 : 1,114 :: 1 : 1026 economy.

19. The saving or economy is, therefore, greatest in 

(a) and least in (c), but the difference is not even theoreti­

cally very great, and a good many tons of coal would 

have to be burnt before a really appreciable saving would 

be manifested in practice.

Note.—No allowance has here been made for waste of 

heat in actual working—i.e., for the heat lost with the 

discharged brine, and by radiation. The waste would be 

increased by irregularity of working, so that what is 

gained in theory would be lost in practice.

In a properly designed apparatus, which utilises to best 

advantage the heat it works with, the pressure worked 

at makes but little difference in the economy obtained. 

Indeed, if a substantial economy were shown by working 

at low pressures it would conflict with the law of nature 

that the heat required to raise a given quantity of water 

from a given temperature to its boiling point (i.e., the 

sensible heat), and then to convert such quantity of 

water into steam (i.e., the latent heat), is approximately
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the same at any pressure such steam is generated, or in 

other words, the “ sensible ” heat plus the “ latent ” heat 

almost equal the same total heat, at any pressure. (See 

Table E, p. 33; also Note on p. 49.)

The above economy is, of course, quite a different 

matter from the economy that is obtained by multiple 

distillation, which is treated of in the chapter on Multiple 

Distillation.

Steady Ebullition.

20. The secondary steam, at whatever pressure it is 

generated, should rise steadily from the surface of the 

sea water, and not in gulps, otherwise there will be a 

tendency to priming—i.e., particles of sea water being 

blown up with the secondary steam, and carried over 

with it, so as to impair the good quality of the water 

condensed from the secondary steam. Baffles are some­

times fitted in the steam room to prevent priming, such 

baffles being of various designs to arrest these particles 

of sea water, and bring them down again into the sea 

water. More will be said as to this when the subject of 

“ brine area ” or “ steam delivery area ” is dealt with.

Secondary Steam Valve.

21. The pipe from the evaporator leading the secondary 

steam away to be condensed is sometimes fitted with a 

valve. The object of this valve is to regulate the flow of 

secondary steam, where there is a minus pressure in the 

condenser. Or such valve may be used to shut off 

altogether the secondary steam, so as to get up a pressure 

in the evaporator casing for the purpose of blowing away 

the brine at intervals, if required. This will, however,
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be again referred to when dealing with the subject of 

“ brine discharge.” When the feeding and brining take 

place inwards and outwards by a constant flow, auto­

matically worked, there would appear to be no need for 

this valve on the secondary steam pipe, but where the 

arrangement is for the brine to be blown out rapidly at 

intervals, then the valve would be necessary to perform 

this operation.

Safety Valve.

22. When an evaporator is designed for working with 

a pressure inside the casing above that of the atmosphere, 

it should be provided with a safety valve of sufficient size 

and load to prevent a greater pressure being possibly 

obtained than is sufficient to meet all emergencies. The 

Board of Trade rules make this obligatory, and so do 

Admiralty requirements.

(B) Gas-heated Steam Generators.

23. In the foregoing part of this chapter evaporators 

worked by steam heat only have been dealt with, and 

although a little digressive, we may here just refer to that 

class of evaporators which are worked by the heat of a 

gas stove or oil lamp, instead of by steam heat. When 

fire is used as a heating agent the term boiler is generally 

used, but a boiler is generally a much larger affair than 

is required for the particular purpose in view—viz., the 

production of distilled water of exceptional purity in very 

small quantities, not more in fact than a few gallons per 

day. Under such circumstances, gas is undoubtedly the 

most convenient form of supplying this almost miniature 

type of distilling plant required.
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24. Hie details of this small type of apparatus, call it a 

boiler, evaporator, generator, or what you like, will be 

gone into in a subsequent chapter, when we deal with the 

working of the apparatus generally, after having explained 

all its parts. This small apparatus is complete in itself  

that is, it includes a small distilling condenser, and, when 

required for producing drinking water, a small filter. The 

water is thus produced, not only of special purity, but 

also cold and of the best quality for drinking. The 

apparatus is suitable for domestic use.

(C) Heating Surface—Generally.

25. It will now be convenient to pass on to the subject 

of coil or tube surface—that is, the amount of heating 

surface required for certain productions under certain 

conditions of working. This is affected by the pressure 

of the steam inside the coil, perhaps more than by any­
thing else.

26. It will be remembered that the intensity of steam 

heat i.e., the sensible heat of steam «increases and de- 

creases, according as the pressure rises and falls. The 

higher the pressure, the hotter (sensibly) is the steam, in 

its gaseous state, and this increase or decrease, as the 

case may be, of “ sensible ” heat is counterbalanced by 

a decrease or increase of the “ latent ” heat that is emitted 

as the steam is reduced into a state of water. On the 

amount of ‘ sensible ” heat of the steam inside the coil, 

above the sensible heat of the sea water outside the coil, 

depends the amount of coil surface that is required.

27. To explain this, with a view to showing how to 

calculate the amount of heating surface, it is best to 

start with a basis, or a certain state or condition of 
things, thus :—
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(a) A fixed pressure outside the coils, say | lb. per 
square inch. Practically atmospheric pressure.

(&) A fixed proportion of evaporation and brine to the 
feed-water, say, from every U lbs. of feed-water supplied, 
1 lb. is to be evaporated and | lb. brine, making the 

brine in salinity.

(c) A fixed time for the evaporation, say 1 lb. of gained 
steam to be generated per hour (i.e., f of the feed).

(tZ) A fixed temperature for the inlet feed-water, say 

150°.

28. Suppose we compare the three primary pressures 
of 10 lbs., 25 lbs., and 75 lbs. per square inch, work­
ing upon the basis mentioned in the preceding section. 
Different makers of evaporators have different rules to 
work by for estimating the square feet of surface required 
for a given evaporation in a given period of time. Much 
may influence them in arriving at what they consider a 
proper surface. Thus they may, and probably do, take 
into consideration what quantity of water has been evap­
orated by their evaporator on experimental occasions. 
Various matters have to be considered besides the bare 
question of the pressure of the steam inside the coils to 
settle the amount of coil surface to allow for a specified 
output of gained steam, and no rule can be fixed to apply 
to every kind of evaporator that is made. Experience 
can alone guide one as to the proper amount of surface, 
or square feet of coil surface, as it is usually termed.

29. Let us, therefore, assume that in the case above 
given, with a particular make of evaporator, the con­
ditions of working are as specified in section 27, and 
that 1 ton of steam lias to be generated from, say, 1| 

tons of sea water per hour, and for the purpose of com-
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paring the effect of the three primary pressures, let us 
first take the primary pressure of 25 lbs. per square 
inch, which has a “ sensible ” heat of 266° (i.e., 54° 
above 212°, the temperature of the sea water outside 
the coils).

30. Say also that, from experience of a particular 
make of evaporator, it has been found that x square feet 
of heating surface (i.e., outer coil surface) suffices for 
evaporating the required quantity of 1 ton per hour, with 
the specified primary steam—that is, with primary steam 
54° hotter (sensibly) than the boiling sea water outside 
the coils.

31. Now, take for comparison a primary steam of 
10 lbs. pressure, whose sensible heat is 239°—i.e., only 
27° hotter than 212°, the temperature of the boiling 
sea water outside the coil. It is clear that to generate 
the same amount of secondary steam—viz., 1 ton in 
the hour—double the surface will be required, so that 
for this primary pressure of 10 lbs. we shall require^ 
surface of 2x (whatever x may be), as the intensity of the 
heat presented to the coil surface (27°) is only half^what 
it was with 25 lbs. pressure (viz., 54°).

32. For the same reason, if the primary pressure is 
raised to, say, 75 lbs., the temperature of such steam 
being 320°, or 108° hotter than 212°, the temperature of 
the secondary steam—all conditions remaining the same— 
as 108° is double the intensity of the heat of the steam at 
25 lbs. pressure, the heating surface can be halved, and 
is, therefore, only | x.

33. This is carried out in practice, so that whatever 
number of square feet of surface is allowed for a pres­
sure inside the coil of 25 lbs. per square inch, double that 
amount must be allowed, if the evaporator is to have a 

6
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pressure of only 10 lbs. per square inch inside the coil, 
other conditions being the same.

34. Having a fixed basis to work with—that is, say 
a surface of x square feet per ton of evaporation 
per hour, when the primary and secondary pressures 
are, say, 25 lbs. for the former, and practically zero for the 
latter—there is no difficulty in calculating what surface 
would be required for a pressure on the secondary steam 
greater or less than the atmosphere.

35. Thus, say the primary pressure is 25 lbs. per square 
inch, and the secondary pressure is, say, 10 lbs. per square 
inch, it will be seen that the excess heat of the primary 
steam over that of the secondary steam is the same as 
when the primary steam was at 10 lbs. pressure, and the 
secondary steam at a pressure of, say, | lb. per square 
inch (viz., 27°), so that x surface would do in either case, 
other conditions remaining the same.

36. If evaporators are worked with a primary steam 
pressure suitable for secondary steam generated below 

’ atmospheric pressure, the heating surface has to be cal­
culated in the same way according to circumstances.

Probably, taking all circumstances into consideration, 
the most convenient pressures to take, for ordinary 
working, are about 20 lbs. pressure for the primary 
steam, and | to | lb. pressure for the secondary- 
steam—when one evaporator only is brought into 
requisition. This is when exhaust steam is being used 
inside the coils. If live steam is used, then the 20 lbs. 
pressure may be considerably increased.

37. The relationship of pressures inside and outside the 
coils is a subject which needs much consideration in 
multiple distillation, where it will be seen there are two, 
three, or more evaporators linked together, so that the
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secondary steam of one evaporator becomes the primary 

steam of the next, and the secondary steam of the 

second evaporator becomes the tertiary steam of the third 

evaporator, and so on, as long as the successive distil­
lations are carried. As, however, each successive distilla­

tion is less in degree than the preceding one, a limit is 

soon reached. The matter will, however, be more fully 

dealt with in the chapter on “ Multiple Distillation/’

Form of Heating Surfaces.

38. Io proceed with the usual type of evaporator—that 

is, one that is heated by steam inside a coil—we will now 

deal with the form and shape of such coils or tubes.

39. Evaporator makers differ very considerably in the 
form of surface they prefer, and there have been consider­

able changes made in the construction of these surfaces 

from the earliest type of evaporators made.

40. Until about fifteen or twenty years ago, the only 

form of evaporating surface used was a sheaf or nest of 

tubes placed vertically, see Fig. 5, the primary steam 

entering at A, and after doing its work inside the tubes, 
the primary water thus formed fell into a bottom pan,’ 

and was blown away at B. These vertical tubes T were 

expanded in gun-metal tube plates at top and bottom, 

and a cap, C, to which the steam inlet at A was connected, 

was fitted at the upper end. The primary steam dis­
tributed itself inside the tubes, where it was condensed 

into primary water, by transferring its latent heat to sea 

water outside these tubes.

41. In these early days there was very little provision 

made for cleaning these surfaces. A very small mud door, 

D, was fitted to the lower end of the casing, through
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which scaling tools had to be inserted, to scrape off as 

much of the deposit as possible for the time being, until 

the cylinder or casing could be lifted off, to give better 

access to the tubes. This did fairly well for land stations, 

where there was plenty of space above and around, but 

on board ship, with little or no head room, a better 

arrangement for cleaning was soon found necessary.

42. An improvement came about in a type of evapor­

ator fitted with long U-shaped tubes, see Figs. 6 and Ga. 

These U-shaped tubes were fitted so as to be capable of 

being drawn out of the evaporator casing, along with the 

door. The casing was in the form of a horizontal cylinder, 

and the door placed on the front end.

43. This type of evaporator was worked with boiler
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steam, and the secondary steam was generated at a pres­

sure varying from 10 to 15 lbs. per square inch. This
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description of evaporator was in much favour when it 

was first introduced. It was known as the “ Weir ”
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evaporator, and in 1889 and 1890 (under the Naval 

Defence Act) a very large number of cruisers and battle­

ships of H.M. Navy were fitted with these evaporators,

Fig. 6a.

working in combination with the “ Normandy ” distilling 

condenser. Messrs. Weir have, however, since then in­

troduced a different type of evaporator, with vertical 

cylinder fitted with horizontal tubes or coils.

44. The advantage of having an easily removable coil 

for cleaning purposes was soon appreciated, and very 

soon further improvements were made in this direction. 

The most approved type of evaporator which succeeded 

the “ Weir ” original evaporator appears to have been 

the evaporator introduced by Caird & Rayner, the novelty 

of which was in having the coils in the form of a volute, 

placed horizontally in the casing, and fitted to the door, 

so that by opening the door the coils came out all of a 

piece therewith, and were then detachable for the purposes 

of cleaning.

45. Perhaps the most important feature of the Caird & 

Rayner invention was that the pressure inside the coil 

was utilised as a means of cracking off the scale deposited 

on the outer surface. The pressure had a tendency to 

slightly straighten the coil, and thus effected the cracking 

off of the scale. Fig. 7 shows the original type of the 

Caird & Rayner evaporator, introduced about 1891 or 

1892, and a great many ships of H.M. Navy and the 

mercantile marine were fitted with this type of evaporator. 

Fig. 8 shows an improvement on this. The coils being
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no longer fitted to the door. In the “ Weir ” evapor­

ator the tubes or coils are also now placed horizontally, 

and run somewhat differently. The more recent “ Nor­

mandy ” type has horizontal tubes running somewhat 

differently from a volute. Numerous other evapor­

Fig. 7.—Caird & Rayner Evaporator—Old.

ators are also made with the tubes or coils running in 

various ways.

The object in all of these various methods of fitting
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the heating surface is to get as much surface into as little 

space as possible, and for such heating surfaces to be as 

effective as possible when fitted inside the casing, as will 

be referred to shortly.

Fig. 8.—Caird & Rayner Evaporator—New.

46. The foregoing diagrams are not intended to show 

the details of any particular make of evaporator, but to 

indicate the strides made as each novelty of type became 

introduced. If further details of these, or of any other 

make of evaporator are desired, application should be 

made to the makers.
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47. Since the above types of heating surfaces have been 

introduced countless types, more or less like these already 

mentioned, have been placed in the market or advertised. 

Thus, coils are made in the form of a volute, either hori­

zontally or vertically fitted to the casing (and it may here 

be noted that fitting the coil to the door is somewhat 

discountenanced), some coils are made zig-zag, or with 

various contortions, according to the fancy of the 
makers.

48. The type of heating surface or coil that is really 

best is the one that satisfies most completely all the re­

quirements of practical working, and these requirements 

may be shortly summarised as follows :—

1st . The heating surface required should occupy the 

minimum of space.

2nd . The coil or tube surface should be capable of 

being easily freed from scale.

3rd . The coils should be light and easy to handle, 

remove, and replace.

4th . The joints must be tight and durable, and when the 

coils have to be removed, must be easily broken and re­

made.

5th . All the coil joints should be exposed to view 

when tested either by water or by steam.

6th . The coils should allow the primary water to leave 

the inner coil surface easily, without lying there, as this 

deadens its heating power by preventing the access of 

steam to it.

55. The above points are perhaps the most important 

to keep in view when arranging for the heating surface of 

an evaporator, so as to give the greatest satisfaction in
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working ; these points may be supplemented by the 

following observations :—

(1) The volute-shaped coil would appear to be the best 

for cracking off the scale as it accumulates.

(2) The original vertical straight tube would appear to 

be the best for allowing the primary water to get away 

from the inside of the heating surface.

(3) Most makers prefer the primary steam to enter at 

the top of the coil, and the primary water to drain away 

at the bottom, so as to be helped by gravitation. This 

is not, however, obligatory, as the primary water will 

always be blown forward by the primary steam, whether 

the coil (in volute shape) is placed vertically or horizon­

tally.

(4) The coil in volute, when lying horizontally, accom­

modates itself better to the cylindrical casing.

(5) Again, it is better for the coils to be similar and 

distributed in sets of eight or ten each than to be grouped 

in one sheaf or nest. Lightness and ease of cleaning 

are at once obtained by having the coils separate.

(7) The coils should be interchangeable.

50. The foregoing description of various types of heating 

surface is not, as already stated, intended to be exhaustive, 

there being a great number of designs of heating surface, 

more or less alike in their description, and more or less 

favoured. The object was to show the gradual improve­

ments made in evaporative surfaces on the original straight 

and vertical sheaf of tubes shown in Fig. 5. First, 

there came the horizontal U-shaped tubes grouped 

together in one sheaf or nest; then the circular or volute­

shaped coils, also grouped together and fitted to the inside 

of the cleaning door ; then the same class of coils, but not
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a lw a y s  in  th e  fo rm  o f a  v o lu te , n o r  g ro u p e d  to g e th e r, b u t  

e a ch  i te m  o f su rfa ce  (so m e  8  to  1 0  i te m s) se p a ra te ly  f itte d  

to th e in s id e o f th e e v a p o ra to r-c a s in g , in s te a d o f to  

th e in s id e o f th e d o o r . A  sh o r t d e sc r ip tio n h a s a lso  

b e en g iv e n o f th e m o s t m a te ria l p o in ts re q u ir in g c o n ­

s id e ra tio n  in th e v a r io u s ty p e s o f h e a tin g su rfa c es p u t  

in  e v a p o ra to rs .

5 1 . I t is n o w  u su a l to  d e sc r ib e th e  h e a tin g  su rfa ce o f  

th e e v a p o ra to r (a n d , in d e ed , th e c o o lin g su rfa c e o f th e  

c o n d e n se r) b y  th e n u m b e r o f sq u a re  fe e t o f th e o u ts id e  

su rfa c e  o f th e  c o ils  o r tu b e s  u se d . A s th is is th e  su b je c t  

o f c a lc u la tio n , th e fo llo w in g T a b le K  g iv e s th e o u ts id e  

su rfa c e ( in  sq u a re  fe e t) o f v a r io u s d ia m e te rs o f tu b e p e r  

fo o t le n g th .

T A B L E K .— O u t e r  S u r f a c e  i n  S q u a r e  F e e t  o f  T u b e s  p e e  

1 f o o t  L e n g t h .

O u te r  

D ia m . o f  

T u b e s  in  

In c h e s .

0 JS i i 4 8 4 1

0 0 -0 3 2 7 0 -0 6 5 4 0 -0 9 8 2 0 -1 3 0 9 0 ’1 6 3 6 0 -1 9 0 3 0 -2 2 9 1

1 0 -2 6 1 8 0 -2 9 4 5 0 -3 2 7 2 0 -3 6 0 0 0 '3 9 2 7 0 -4 2 5 4 0 -4 5 8 1 0 '4 9 0 9

2 0 -5 2 3 6 0 -5 5 (5 3 0 '5 8 9 0 0 ’6 2 1 8 0 ’6 5 4 5 0 -6 8 7 2 0 -7 2 0 0 0 -7 5 2 7

3 0 ’7 8 5 4 0 -8 1 8 1 0 ’8 5 0 8 0 -8 8 3 6 0 -9 1 6 3 0 ’9 4 9 0 0 -9 8 1 7 1 -0 1 4 5

4 1 -0 4 7 2 1 -0 7 9 9 1 -1 1 2 G 1 -1 4 5 4 1 -1 7 8 1 1 -2 1 0 8 1 -2 4 3 5 1 -2 7 6 3

5 1 -3 0 9 0 1 -3 4 1 7 1 -3 7 4 4 1 -4 0 7 2 1 -4 3 9 9 1 -4 7 2 6 T 5 0 5 3 1 -5 3 8 1

S iz e a n d  T h ic k n e ss o f C o ils .

5 2 . T h e  s iz e  o r  d ia m e te r  o f th e  c o il is  a lso  a n  im p o rta n t 

m a tte r . T u b e s th a t a re sm a ll a re a p t to h a v e a m o re  

a d h e re n t sc a le  th a n  tu b e s o f la rg e  d ia m e te r , a s th e e x ­

p a n sio n  a n d  c o n tra c tio n  o f th e  o u te r  c irc u m fe re n c e w h e n  

a t w o rk  is g re a te r in  th e la rg e d ia m e te r , w h ic h e n a b le s  

i t th e re fo re  to  c ra ck  o ff th e  sc a le . A n o th e r re a so n  fo r  

p re fe rr in g  a  la rg e d ia m e te r is th a t i t re d u c e s th e  le n g th
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required to provide the amount of surface deemed neces­
sary. The larger tube is also more rigid, and, therefore, 
less liable to be bent. The larger tube also allows the 
water inside to escape more freely.

53. Perhaps it is best to fix on a diameter of, say, 
1| inches when the tubes are about 10 to 12 feet long, 
and say, 2| inches if the tubes are in about 20 feet 
lengths. The size of the coil, however, may differ with 
various makers, according to the shape and manner in 
which the coils are fitted.

Fig. 9.

54. Whatever may be the size of the coil, it is most 
important that the tube or coil—that is, each item- 
should be in one piece solid drawn throughout. It is 
also most important that the joints at the end of each 
item—that is, the steam and water ends of the coils— 
should be sound, reliable, and durable, yet easily broken 
and re-made. An effective joint is made by expanding 
the tubes in gun-metal elbows or end pieces, then for 
these end pieces to be screwed into the casing where the 
steam and water pockets are. Such a joint is of the 
same class as an ordinary union joint (see Fig. 9).
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Instead of having one large nut as shown, which 
is bulky in a large coil, the joint may be equally well 
made with a flange with studs and bolts in the ordinary 
way. See also Fig. 9a, which makes a good and effective 
joint.

T is the tube or coil expanded in a gun-metal casting, 
and on each side of “ steam inlet ” a stud and nut will 
secure all to the evaporator.

Fig. 9«.

55. The thickness of the coil is usually from, say, | inch 
thick in small tubes, to fV inch in tubes of larger diameter. 
The usual rule is for evaporator tubes to be not less than 
O' 104 inch thick for tubes of 1 inch bore or under, and not 
less than 0’128 inch for tubes exceeding 1 inch bore. 
Although it is often desired to make the bends in the coils 
as sharp as possible, inch thickness is not perhaps too 
much to allow for the curving or bending process that 
the coils have to be subjected to. It is important to 
remember that the tube of each coil should be one entire 
piece, and not be made in two or more lengths.
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M a t e r i a l  U s e d  f o r  C o i l s — C o p p e r  a n d  B r a s s .

5 6 .  T h e  m a t e r i a l  u s e d  f o r  t h e  c o i l s  i s  e i t h e r  c o p p e r  o r  

b r a s s  t u b e ,  s o l i d  d r a w n ,  a n d  t h e  c o m p l e t e  s e t  o f  c o i l s ,  

f i t t e d  i n  p l a c e ,  a r e  u s u a l l y  r e q u i r e d  t o  b e  s o u n d  u n d e r  a  

t e s t  p r e s s u r e  o f  a b o u t  d o u b l e  t h e  m a x i m u m  b o i l e r  p r e s ­

s u r e . O t h e r  m e t a l s  a r e  n e v e r  u s e d ,  b u t  o f  t h e  t w o  ( c o p p e r  

a n d  b r a s s ) ,  t h e  f o r m e r  h a s  m a n y  a d v a n t a g e s  o v e r  t h e  

l a t t e r ,  w h i c h  m a y  b e  p o i n t e d  o u t  a s  f o l l o w s : —

1 .  C o n d u c t i v i t y .

5 7 .  First, t h e  c o n d u c t i v i t y  o f  h e a t  t h r o u g h  c o p p e r  i s  a  

g r e a t  d e a l  b e t t e r  t h a n  t h r o u g h  b r a s s . F r o m  t h e  e x p e r i ­

m e n t s  o f  P é c l e t ,  w i t h  p l a t e s  o f  v a r i o u s  s u b s t a n c e s ,  o f  

1  f o o t  s q u a r e  s u r f a c e  b y  1  i n c h  t h i c k ,  h e  r e c o r d e d  t h e  

a m o u n t  o f  h e a t  ( i n  u n i t s  d u r i n g  o n e  h o u r )  p a s s i n g  t h r o u g h  

t h e s e  p l a t e s  ( t h e  t w o  s u r f a c e s  d i f f e r i n g  1 °  i n  t e m p e r a t u r e )  

a s  f o l l o w s  : —

A  c o p p e r  p l a t e  p a s s e d  5 1 5  u n i t s  o f  h e a t  i n  t h e  h o u r ,  

w h i l s t  a  z i n c  p l a t e  s i m i l a r  i n  s i z e  a n d  t h i c k n e s s  p a s s e d  

o n l y  2 2 5  u n i t s  o f  h e a t .

5 8 .  I f ,  t h e r e f o r e ,  w e  h a v e  a  c o m p o s i t e  p l a t e  m a d e  i n  

p a r t s ,  t h e  t h i c k n e s s  b e i n g  i n c h  o f  c o p p e r  a n d  i n c h  

o f  z i n c ,  w e  s h o u l d  h a v e  a  c o m p o s i t e  p l a t e  r e p r e s e n t i n g  

t h e  p r o p o r t i o n s  o f  b r a s s  ( 7 0  p e r  c e n t ,  c o p p e r  +  3 0  p e r  

c e n t ,  z i n c ) ,  a n d  o n e  w o u l d  e x p e c t  t h i s  c o m p o s i t e  p l a t e ,  

i f  e x p e r i m e n t e d  u p o n  l i k e  t h e  o t h e r  t w o  s e p a r a t e  p l a t e s  

( c o p p e r  a n d  z i n c )  t o  p a s s  h e a t  t h r o u g h  i t  a s  f o l l o w s — v i z . ,  

5 1 5  x  0 ' 7  =  3 6 0 ’ 5  u n i t s ,  a n d  2 2 5  x  0 ’ 3  =  6 7 ’ 5 ,  a n d  t h a t  

3 6 0 ' 5  +  6 7 ' 5  =  4 2 8  u n i t s  w o u l d  b e  t h e  h e a t  p a s s i n g  

t h r o u g h  b r a s s ,  a s  a g a i n s t  5 1 5  u n i t s  p a s s i n g  t h r o u g h  

c o p p e r ,  t h e  r a t i o  b e i n g — A s  4 2 8  :  5 1 5  : :  1  :  1 2.
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The proportion or ratio of effectiveness between the 

two metals, copper and brass, shows that copper is 

about 20 per cent, better than brass, so that from the 

foregoing figures one would expect that it would require 

about 20 per cent, more heating surface if made of brass 

than of copper. A brass plate made of an alloy of 70 per 

cent, of copper and 30 per cent, of zinc does not appear 

in the list of metals experimented on, but in actual 

practice with distilling machinery it has been found that 

a copper sheaf lias about 15 to 20 per cent, more effec­

tiveness than a precisely similar sheaf of brass tubes. 

Therefore, it may be said that a copper coil has practi­

cally about 20 per cent, more effectiveness than if the 

coil were made of brass, and, consequently, if copper is 

used instead of brass, about 20 per cent, less surface will 

be found sufficient for the same work. The metals 

copper and brass, are usually left to the choice of the 

evaporator-maker in Admiralty specifications, copper 

is usually selected for the heating surfaces of the 

evaporator.

Note.—It should be noted that the above comparison 

in the passage of heat through the two metals is not at 

all in the same ratio as what is usually termed the con­

ductivity of heat by metals. The following Table L 

gives the ordinary conductivity of heat by various metals, 

and if copper and brass be compared in that list it will 

be seen that whilst copper is placed at 73’6 per cent., 

brass is placed at 24 per cent. This would lead one to 

suppose that copper is about three times as effective as 

brass, which is not at all borne out as regards the 

passage of heat through these metals as shown in 

practice.
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T A B L E L .— C o n d u c t i v i t y  o f  v a r i o u s  M e t a l s .

J R a tio . B .T .U

S ilv e r , . . . . . 1 0 0

C o p p e r , . . . . . 7 4 -0 5 1 5 H e a t p a s s e d

G o ld , . . . . . 5 3  0 th ro u g h a

Z in c , . . . . . 2 8 -1 2 2 5 p la te 1 in .

B ra s s , . . . . . 2 4 '0 4 2 8 th ic k , p e r

T in , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  0 s q . f t . , p e r

I ro n , . . . . .  1 2 0 2 3 3 h o u r . (S e e

L e a d , . . . . 9 -0 1 1 3 § 5 7 , p a g e

P la t in u m , 8 -0 9 4 .)

G e rm a n  s i lv e r , 6 -0

2 .  G a lv a n ic A c tio n .

5 9 . Secondly, th e  c o m p o s i tio n  o f b ra s s  p re d is p o s e s th is  

m e ta l to  g a lv a n ic  a c t io n , w h e n  u s e d  in  a  d is ti ll in g  a p p a r ­

a tu s . T h e  tw o  m e ta ls , c o p p e r a n d  z in c , o f w h ic h  b ra s s  

is c o m p o s e d , a re th e p o s i tiv e a n d  n e g a t iv e  p o le s o f a  

g a lv a n ic b a t te ry , th u s p re d isp o s in g th e  z in c to  d e c o m ­

p o s e , w h ils t th e  g a s e s o x y g e n  a n d h y d ro g e n a re g iv e n  

o f f  a t  th e  p o le s  s o  lo n g  a s  th e  g a lv a n ic  a c t io n  is  g o in g  o n .  

B ra s s tu b e s a re  a lw a y s  r e q u ire d  to  b e  t in n e d , in s id e  a n d  

o u t , w h e n  u s e d  e i th e r  fo r  e v a p o ra to r  o r  d is t i lle r  c o i ls , a n d  

a  v e ry  s m a ll p e rc e n ta g e  o f t in  is s p e c if ie d  a s  p a r t o f th e  

a d m ix tu re . Z in c p la te s a re  a lso  o rd e re d  to  b e  f ix e d  to  

th e  in te r io r o f th e c a s in g , in  o rd e r th a t th e g a lv a n ic  

a c t io n  m a y  a c t o n  th e s e  z in c  p la te s  o r  b lo c k s , a n d  n o t o n  

p a r ts  o f  th e  e v a p o ra to r . B u t  in  s p i te  o f  i t  a l l , b ra s s  tu b e s  

d o  p e r is h  q u ic k e r  th a n  c o p p e r .

6 0 .  T h e  u s u a l w a y  in  w h ic h  s u c h  g a lv a n ic  a c t io n  s h o w s  

i ts e lf is b y  th e b ra s s tu b e s b e c o m in g  p it te d  b y  s m a ll  

h o le s , th ro u g h  w h ic h  a  p in  o r  n e e d le  c a n  b e  r e a d i ly  p a s s e d  

f ro m  o u ts id e  r ig h t th ro u g h  th e tu b e , w ith  th e  r e s u l t o f  

c o u rs e , th a t th e y  c e a s e  to  b e  e i th e r  s te a m  o r  w a te r - t ig h t , 

a s th e  c a s e  m a y  b e . I f  m o re  t in  c o u ld  b e  a d d e d  to  th e  

a l lo y , th e a b o v e o b je c t io n  m ig h t b e r e d u c e d , b u t th is  

c a n n o t b e  d o n e , a s to  p u t m o re  th a n  1 p e r c e n t , o f t in
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in the alloy makes it impossible to solid-draw it into 

tubes.

61. Therefore, taking all matters into consideration, 

copper would appear to be the best material of all for 

evaporator coils. There is no need to tin the coils, either 

inside or out, if the primary water is condensed from the 

exhaust steam on board, which is greasy, and is returned 

to the boiler, but if the primary water is used (as in land 

apparatus) for drinking purposes, the interior of the 

evaporator coils should be tinned.

Evaporative Surfaces—How Fitted.

62. The coil, whether copper or brass, is either brazed 

or expanded into the end pieces, which are fitted 

to the casing as already shown. If the tube ends are 

brazed into these end pieces, the same will have to be 

made of brazing metal, but if the tube ends are expanded 

into the end pieces, then the same are made of gun-metal. 

The latter is by far the best work, as gun-metal is stiffer 

and better than brazing metal. If the tube ends are 

expanded in, they should be softened so as to facilitate 

expansion.

63. The joint made between the end pieces and the 

casing has already been shown in Figs. 9 and 9a. The 

joint is made by having a spigot or cone on the tube 

end or casting which fits into the hole in the pocket, and 

the joint is then tightened up by means of either one large 

nut, somewhat like an ordinary union joint (see Fig. 9), 

or the joint may be tightened up like an ordinary flange 

with a couple of nuts with studs (Fig. 9a). These studs 

are best made of phosphor bronze or manganese bronze, 

these metals being stiffer than gun-metal. It is not,
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however, necessary to make the small elbows of this 

metal, as a good gun-metal casting will be found easier 

to make, and give greater satisfaction.

64. If the coil ends are expanded into the gun-metal 

elbows, a couple of small grooves inside the elbow socket 

(as shown in Fig. 9a) will make a tighter fit when 

expanded. A screw or thread is sometimes put instead 

of grooves, but this does not make such a tight joint as 

the grooves, which will stand a test pressure without the 

chance of leaking round the thread.

Coil Drain.

65. Before leaving the subject of the evaporator coils, 

a few words are necessary to explain the action of the coil 

drain.
66. As the primary steam inside the coils is condensed 

into water when giving out its latent heat for the purpose 

of generating steam from the water outside the coils, this 

primary water is blown away at the end of the coils, and 

the coil drain is usually a cock with a by-pass of suitable 

size for passing water only, as blowing away primary 

steam would be very wasteful.
67. This by-pass must not, however, be too small, 

otherwise the primary water would not escape freely, 

and the coils would become water-logged, and their 

heating power very considerably reduced. The exact 

size of the hole for the by-pass depends on the pressure 

inside the coil, and the quantity of water that has to 

escape, and can only be determined by experience.

68. It is important to note that the primary water is 

practically at the same pressure and, therefore, of the 

same temperature as the “ sensible ” heat of the primary
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steam inside the coils, so that if used for heating the feed­

water it has this amount of sensible heat to impart. 

This will be reverted to when dealing with the feed- 
water heater.

(D) The Evaporator Shell or Casing.

69. Having treated of the surfaces of the evaporator, 

the casing or shell, as it is sometimes called, may now be 

■dealt with. In shape it varies according to the form of 

coil that is fitted inside it. The evaporator casing is 

usually cylindrical and vertical, and the coils are fitted 

inside to the lower part, the upper part being devoted to 

the steam-room or space.

(a) Steam-Room.

70. The steam-room should be of sufficient diameter 

•and height to allow the steam or vapour generated from 

the sea water in the lower part of the casing to escape 

■easily, without risk of priming—that is, without carrying 

over any particles of sea water with it. This point re­

quires some consideration, as the sea water is in a some­

what violent state of ebullition, and if the space over the 

boiling brine is too contracted, the brine will rise and 

froth up, and eventually be carried over with the steam, 

so that the distilled water, when tested, will be found to 

■contain more or less salt.

71. The question of what is a sufficient steam space to 

-allow is to a very great extent determined by experience, 

much depending upon the form of the casing, the position 

-of the coil, and the pressure under which the sea water is 

being evaporated, and quantity evaporated.

72. In theory, if water is being evaporated under high 

pressure, the steam delivered should be in smaller bubbles
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than when evaporated at a low pressure, and one would, 

therefore, be inclined to allow a steam-room somewhat in 

proportion to the specific volume of the steam evaporated. 

This, however, would not at all guide one in practice, for 

take the two pressures of 10 lbs. per square inch, whose 

steam has a specific volume of 1,009, and 75 lbs. pressure, 

whose steam has a specific volume of 300, the steam space 

for the former pressure would be rather over three times 

the space of the latter, which is not at all in accordance 

with what is found requisite in practice. It is, therefore, 

safer to take the steam space from precedent, when it will 

be found to approximate itself somewhat as follows :—

The diameter of the evaporator casing—i.e., the area 

of the brine surface—will be about in proportion to the 

weight of steam evaporated in point of time, the pres­

sure under which it is evaporated not making very 

much difference ; it is the quantity of evaporation that 

is important as regards the area at the brine level. The 

height of the steam space, on the other hand, does not 

vary very much with the amount of steam evaporated 

in point of time, provided a certain minimum height is 

allowed in all cases. But here again the practice of 

putting baffles upsets the making of any general or inflex­

ible rule that will apply to all cases.

Note.—The arrangement of these baffles requires great 

care, for if placed unsuitably, they may in fact increase 

the priming by causing a further contraction of the 

delivery area.

73. In very small evaporators—i.e,., where the pro­

duction, in point of time, is very small, say 2 or 3 gallons 

per hour—the diameter of the casing would become 

absurdly small, if it was estimated in proportion to the
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yield by large evaporators for the same time ; therefore, 
a minimum should be adopted before the proportion is 
worked out.

To facilitate the understanding of this subject, suppose 
the diameters of two evaporators have to be deter­
mined, one for generating steam at the hourly rate 
of 1,000 lbs., the other of 20 lbs. Assume that the area 
at the brine level is 400 square inches, which would make 
the diameter of the shell 22| inches. By the rule of pro­
portion 1,000 : 20 :: 400 : 8. The diameter of a shell with 
an area of 8 square inches would be barely 3| inches, an 
absurd dimension for an evaporator. A minimum 
diameter should be fixed, so that the ratio would 
cause the small evaporator to be of a suitable 
diameter.

(6) Material of Casing.

74. Undoubtedly the best material is gun-metal—that 
is, an alloy of copper and tin—the proportion of tin being 
between 10 and 12 per cent., and that of zinc 2 per cent, 
or less. This is Admiralty quality, and evaporator 
casings, especially the lower part containing the sea 
water, should be made of it. The steam-room is some­
times made of iron or steel galvanised, as also are the base 
and cover, but it is best for the entire evaporator to be 
made of gun-metal, as the. corrosion is very great. When 
iron or steel is used it must be extra thick, in order to 
allow for the wear that sets in very quickly. Under 
these circumstances steel or iron casings become heavy 
and expensive, and are, then, not nearly so reliable as 
gun-metal. The upper part or steam-room may be made 
of copper, if preferred. It may be mentioned that quite 
small evaporators may be made of galvanised cast iron.
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(c) Zinc Plates.

75. To preserve the casings of evaporators, zinc plates 

are sometimes fitted inside the casings, in order to take 

the galvanic action ; but they do not appear to be needed 

in casings made of gun-metal. These zinc blocks, as 

already stated in a former page, very soon corrode away 

and require some care in replacing, for if badly fixed they 

may be worse than useless. The gun-metal parts of an 

evaporator have been known to last for a considerable 

number of years without showing any signs whatever of 

perishing.

(<Z) Fittings and Mountings.

76. The usual fittings on the evaporator are as follows :— 

A steam valve for regulating the steam supplied to the in­

terior of the coil. A coil drain—i.e., a valve or cock for 

opening or closing the passage—for the escape of primary 

water condensed inside the coil. A jeed inlet, which may, 

or may not, have a non-return valve, according as the 

feed-water is to enter, or not, against pressure inside the 

casing. A filling pipe and cock for cpiickly charging the 

evaporator with feed-water to start with. A brine outlet 

for the brine to discharge either into a brine receiver or 

elsewhere. A secondary steam pipe on the top of the 

evaporator, fitted with a valve, for getting up a pressure 

in the casing when desired. A presslire gauge for indicat­

ing the pressure of the steam inside the coils. Another 

pressure gauge, to indicate the pressure inside the casing. 

A ivater gauge, for indicating the brine level inside the 

casing. A safety valve, when pressure is got up inside the 

casing. A test cock, for use with the salinometer. A 

large door, facing the coils or evaporating surfaces, for
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enabling the joints to be readily seen, and the coils to be 

easily detached and replaced when the door is taken off. 

A smaller door, fitted below the large door, for raking out 

the scale that falls from the coil.

77. A good deal of scale will also be found to adhere 

to the inner surface of the casing itself. This deposit, 

although it is well to remove it, has little influence in 

reducing the output of the evaporator, as the casing or, 

at anyrate, the actual shell is not an evaporating surface, 

but the surface of the steam pocket cast on the shell 

helps evaporation.

1. Steam Inlet.

78. The inlet steam valve requires but little comment. 

It should be of the best make, and of ample size for ad­

mitting a proper supply of steam to the coils. The inlet 

to the coils or to steam pocket can be made of suitable size 

to admit only sufficient steam (when the full steam pres­

sure is in the pipe leading to the evaporator) for the 

maximum pressure specified for the coils. By this means, 

if the coils are removed, as a specified condition, and the 

primary steam is allowed to fill the casing, a smaller 

safety valve can be used for the evaporator casing.

2. Secondary Steam Pipe.

79. This pipe carries the secondary steam, as it is gen­

erated by the evaporator, to the distilling condenser. It 

should be large enough to carry off such steam, without 

causing any back pressure, for the maximum output of 

gained or secondary steam.
80. When the evaporator is working at atmospheric 

pressure, or just above atmospheric pressure, it is con-
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venient to have the entry to the steam pipe governed by 

an orifice of suitable size, so that the pressure of the 

secondary steam inside the evaporator casing may be 

recorded on a water pressure gauge, and the height the 

water as forced up may be made to record the quantity 

of steam that is passing through the orifice. A water 

pressure gauge is best for this purpose, as an ordinary 

steam gauge is not accurate for such very low pressures.

3. Pressure Gauges.

81. The two pressure gauges placed on the evaporator 

are to indicate the pressures of (1) the primary steam i?iside 

the coils, and (2) the secondary steam oufeide the coils. 

The primary steam gauge is the usual Bourdon type, and 

on its face should be indicated the maximum working 

pressure. For the secondary steam, if the evaporator 

works only at atmospheric pressure or just above it, the 

best and simplest type of gauge is an ordinary water 

pressure gauge, which records very slight variations in 

low pressures more accurately than an ordinary steam 

gauge. If there is to be a vacuum (more or less great) 

inside the casing, the vapour gauge is often of the compound 

type—that is, for secondary pressures above and below 

that of the atmosphere.

4. Safety Valve.

82. The safety valve or valves fitted to the evaporator 

shell give relief when pressure is increased in the evapor­

ator casing for blowing away the brine, or when the casing 

is tested with all the coils removed and the primary steam 

allowed to fill the casing. The removal of the coils, 

as a test, prevents any risk if the coils get leaky, or 

damaged.
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5. The Coil Drain.

83. The use of this is explained in paragraphs 66 and 

67.

6. The Feed Inlet.

84. The feed inlet is placed at various parts of the casing. 

Sometimes high up, sometimes low down. The best place 

is probably at a point that enables the feed-water either 

to flow in or be pumped in, as near as possible to the 

centre of the ebullition, because there it is more likely to 

mix up well with the sea water that is boiling, and 

the salinity of the whole body of brine in the casing thus 

kept more uniform. It is also well to place the feed inlet 

on the opposite side to the brine discharge, so as to pre­

vent the feed-water passing away with the brine before 

it lias been sufficiently evaporated, as this would render 

the brine stronger than it need be. The manner of heating 

the feed, and of regulating it, will be dealt with later on.

7. Filling Pipe and Cock.

85. This is for charging the evaporator with sea water 

quickly to start with, and thus avoid the tedious process 

of filling it slowly by means of the feed-box or regulator. 

The filling pipe should not, however, be used as a sub­

stitute for the proper method of feeding the evaporator. 

This should be left to the automatic work of the feed 

regulator, but in case of emergency this filling pipe might 

be used temporarily to feed the evaporator, its regulation 

being then done by hand.
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8. Brine Discharge.

86. This outlet should be placed as far away as possible 

from the feed inlet, and the brine should be taken from 

the lower part of the casing, preferably up an internal 

dip pipe to the level of the surface of the brine, where it 

is then discharged into a receiver, and diluted and cooled 

there. Or it can be allowed to flow away, or be blown 

away, according to circumstances. All brine pipes should 

be of ample size, as the furring of them soon takes place ; 

if these pipes are made too small they will get choked.

9. The Water Level Gauge.

87. This gauge is usually placed on the evaporator 

casing to indicate the level of the brine inside. When 

the evaporator is working automatically at, or about, 

atmospheric pressure, the brine automatically keeps at 

a proper level, thus enabling the brine to overflow into 

the receiver. This water gauge, therefore, indicates the 

actual level of the brine when depressed by the slightly 

varying pressure inside the casing, and is gradually forced 

up the dip pipe, so that the level in the water gauge can 

be read with the rise in the secondary pressure gauge on 

the steam-room, the depression of the former being prac­

tically the same as the rise of the latter.

10. Test Cock.

88. This small cock is placed on some convenient part 

of the evaporator shell, generally at about half the depth 

of the brine. It is used in connection with the salinometer 

for testing the strength—i.e., the salinity—of the brine. 

In some cases the attendant in charge adopts this means.
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for regulating the feed, altering the feed-cock by guess­

work till he gets a strength of brine that he considers 

shows a proper amount of feed. This method has the 

advantage of being simple, but such a system of regulating 

the feed is somewhat risky. The amount of feed supplied 

is pure guess work, and should he leave his work, for only 

a short period of time, he may return to find his evaporator 

either filled with water, or the feed supply so insufficient 

that the evaporator is salted up, and 

practically useless, until it is opened out 

and cleaned. /

89. A description of the salinometer and 

the mode of using it are as follows :—

The salinometer is a small float, made 

either of metal or glass, so weighted that / 

it sinks to varying depths when placed in 

liquids of different densities. Fig. 10 / n0uow \ 

shows an ordinary salinometer, 8 to 10 I Sphere j 

inches long. The central bulb is hollow, J

so as to make the instrument buoyant, and 

the small bulb at the bottom (W) is an 

adjusted weight, or poise, so that when 

the salinometer is placed in the saline 

liquid to be tested, it will sink deeply if 

the density is slight, but less so when the 

density or specific gravity of the liquid increases. The 

figures 1, 2, 3, 4, placed on the upper stem are intended 

to denote 3V,-g-g, By putting the salinometer in 

brine drawn from the test cock, if its salinity is the 

salinometer will sink down to the figure 3 on its stem.

The brine to be tested must be at the temperature 

of 200°, which experience shows to be the most con­

venient. If this temperature is not kept to, the strength
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denoted by the salinometer is altogether delusive, as will 

be seen by referring to Table C C, p. 26.

Note.—If the brine to be tested has a temperature lower 

than 200°, the reading of the salinometer requires adjust­

ment. Thus, with brine at 200°, the salinometer will 

indicate whereas at 180° the reading will be 

and at 160° it will be although the actual strength 

is A-

The figure 0 is the line the salinometer will sink to if 

put in fresh water (at 200°). These salinometers do not 

usually record a greater salinity than ;s42, at which point 

there is usually a danger signal, to show the salinity is 

too great to be safe.

Note.—In connection with the use of the salinometer, 

the part of Chapter m. dealing with “ Density ” and 

“ Salinity ” should be read. A salinometer is really an 

instrument for ascertaining the “ salinity ” of the water 

it is placed in—i.e., to show its buoyancy as compared 

with that of ordinary water. Specific gravity is the weight 

of a substance in comparison with an equal volume of dis­

tilled water at a temperature of 60°. The salinometer 

really indicates the relative buoyancy of salt water 

as compared with that of ordinary water at 200°. The 

salinometer is a delicate instrument, and if the bulb or 

hollow sphere is bruised, or the metal is allowed to be 

covered with scale, its accuracy in recording salinity will 

be much impaired. It should also be mentioned that 

salinometers are not always correct. They have been 

known to vary considerably when three or four salino­

meters of different makers have been put in the same 

solution at the same temperature.
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(e) Lagging.

90. Finally, the evaporator casing should be covered or 

lagged with a good non-conductor, so as to avoid waste of 

heat by radiation.

(/) Construction Generally.

91. Generally, the evaporator in all its parts and in 

all its fittings should be supplied with everything of the 

best materials and workmanship. The wear and tear of 

an evaporator is very great, and if cheap and faulty, or 

inefficient work is used, the probability is that in a short 

time the evaporator will be put out of use by some trivial 

breakdown, necessitating repair.

(E) Fe e d .

1. Quantity.

92. After many years of trials, the best quantity of feed 

has been found to be one and a-half times the evaporation, 

which gives a brine salinity of

From this it will be seen that if the gained distilled 

water is measured against the brine discharged, its quan­

tity will be twice the brine, or the brine one-half the 

gained water, whichever way it is taken. In official 

trials, the brine is measured so as to be one-half the evap­

oration ; then it is known that the specified salinity of 

the brine is correct, and that the feed is what it should 

be in quantity.
93. The above, of course, applies only to ocean water 

of the usual strength of about 3’5 per cent, of saline matter. 

If the water is exceptionally strong, or the reverse (as 

mentioned in the Chapter on “ Sea Water ’ ), allowance 

must be made for this, by increasing the feed if it is over
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strong, or reducing it if it is abnormally weak to start 

with.
94. Sometimes, again, the water to be operated on is 

fresh water, but not sufficiently pure for special require­

ments. In this case the feed quantity can be shortened 

very considerably.
95. It has already been shown that water which con­

tains polluted or greasy matter, indeed any impurity that 

will vaporise and come over with the steam, cannot be 

distilled so as to generate pure steam for condensation 

into pure water. Put shortly, distillation only separates 

from salt-water substances that are not vaporisable, such 

as the saline matter it contains. On the other hand, 

although polluted matter may be contained in the water 

to be distilled, so as to make the distilled water unpleasant 

for drinking purposes, the operation of boiling may destroy 

all matter dangerous to health.

2. Feed Regulation.

96. There are many ways of regulating the quantity 

of feed-water to the evaporator. The feed is usually 

taken from the upper part of the distiller casing—that 

is, from the circulation water just before it is discharged, 

and is to some extent hot, as already explained. There­

fore, a simple manner of regulating a fixed amount of 

feed-water, sufficient when the evaporator is generating 

steam to its maximum power, is to have a feed-box with 

a float in it, arranged so that as it rises with the water 

-entering the box, the float rises and cuts off the inflow 

. of water. The water in the box then flows away through 

a small hole of suitable size at the bottom of the box, 

so that the constant level kept over this hole regulates
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the amount of water that runs through the hole. As 

this feed-water runs into the evaporator the quantity is 

fixed by the maximum amount of sea water evaporated. 

This is, of course, if the evaporator is working at atmo­

spheric pressure. If it is working at a pressure, then the 

feed-water, instead of being allowed to run into the 

evaporator, must be pumped in.

Fig. 11.

97. This type of feed regulator fixes the uniform 

.amount of feed-water; but it does not vary its quantity, 

so as to be always in proportion to the amount of evap­

oration that is taking place inside the evaporator, unless 

the inlet cock to the feed-box is manipulated by hand so 

as to keep the water at a lower level. Fig. 11 shows a 

feed-box described in § 96. The feed-water enters the 

feed-box at (A), and its passage into the box at (B) is
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controlled by the spindle end of the float (F), which rises 

as the water rises in excess of what flows away at (C). 

The hole (C) is of suitable size for letting out a proper 

quantity of water, when the level is at a height regulated 

by the controlling effect of the float. As the water flowing 

from (C) would, by its gravitation, or by pump action, 

have a drawing effect on the water in the box over the 

hole (C), small holes (H) are provided to prevent any such 

action. These holes (H) also act as a means for inspecting 

the flow of water running through hole (C), which should 

be in a steady, unbroken column or stream of water when 

a proper flow of water is taking place.
98. The type of feed box in Fig. 11 is, however, de­

signed for passing a fixed quantity of water, irrespective 

of the amount of feed-water that is evaporated. If it is 

desired to regulate the feed so as to be always in due 

proportion to the evaporation, it is advantageous to have 

a feed regulator of the type shown in Fig. 12, which con­

sists of two boxes with a pair of balance floats (!■) and 

(S). As the distilled water enters at (E) and gradually 

fills the box with (F) float in it, the float is thus raised, 

and as it rises, it gradually depresses the float (S), thus 

causing it to gradually open (by means of a piston valve) 

the inlet (G) for admission of sea water. When the fresh 

water and sea water rise to a certain height these waters 

respectively run out into side boxes (A) and. (B) through 

orifices (C) and (D), in quantities depending upon the 

height the levels are above these orifices. The fresh 

water continuing to rise in the (F) float box thus constantly 

regulates the sea water entering the box with the (S) float 

in it, so that the sea water leaving the side box (B) is 

always in due proportion to the fresh water leaving the 

side box (A). The action of this type of regulator is
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automatic and immediate—i.e., the moment the slightest 

variation takes place in the flow of fresh water into the 

box, with (F) float in it, the action of (F) float is instantly 

communicated to (S) float, which increases or reduces the 

flow of sea water in box with (S) float, to suit the fresh 

water production (see also Appendix).

99. The fresh water from the side box (A) and the sea 

water from the side box (B) are respectively drawn away

Plan.

Fig. 12.

by pumps, the former to drinking water tanks, the latter 

to feed the evaporator. In “ multiple ” distillation, as 

will be seen presently, this type of feed regulator (auto­

matic in its working) regulates the supply to several 

evaporators, each with a different evaporative power, as 

well as the feed to a boiler, whose adjusted feed is more 

important than that of the evaporators.



1T4 SEA WATER DISTILLATION.

100. In steam ships, where the steam for the evaporator 

is taken directly from the boiler, a feed regulator of this 

description (Fig. 12) is not so much needed as when the 

steam is taken from the exhaust steam pipes, because the 

former steam has steady pressure, but the exhaust steam 

is at all manner of pressures, and the production of 

secondary water consequently variable ; therefore, an 

automatic feed regulator would be far more useful. On 

the other hand, if the feed-water is made very hot before 

being fed into the evaporator, its quantity, or rather its 

excess of quantity, is not of very much importance, as 

little or no heat is taken to heat it, and the quantity of 

primary water will therefore never be abnormally in 

excess of the secondary water.
101. The feed regulator, therefore, has two objects— 

first, it constantly keeps the brine at a proper strength, 

and secondly, it obviates waste of heat by an excessive 

feed, when the production of gained water is reduced.

Materials Used for Regulator.

102. The boxes containing the floats are usually made 

of cast iron galvanised, when large, but if small they may 

be made of gun-metal.
The floats are usually made of copper tinned, and 

should be tested to see they are water-tight. The fittings, 

such as the branches and the castings for the ferrule holes, 

should be of gun-metal.
The feed regulator is also fitted with two gauge 

glasses, one to each float box, so that the levels of the 

sea water and fresh water can be seen without opening 

the lid.
The feed regulator is usually covered with a hinged lid,
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which should be kept closed, so as to prevent substances 

falling in which might interfere with its action.

103. It should be borne in mind that the feed inlet to 

the regulator has often a considerable head of water over 

it (say 30 feet), and precautions should be taken to prevent 

this pressure overcoming the action of the regulator. 

There is usually a cock on the feed pipe leading to the 

regulator for this purpose.

3. Temperature—Heaters.

104. It has been shown that the quantity of the feed 

enters into the question of the economy of the evaporator, 

but the temperature of the feed is also important, indeed 

more so than the quantity, for if the feed is very hot the 

quantity is relatively of less consequence.

105. There are two ways of imparting heat to the feed­

water by utilising heat that would otherwise be wasted 

or thrown away.
(1) One way is to utilise the latent heat yielded by the 

secondary steam when converted into water.

(2) The other way is to utilise the sensible heat of the 

primary water as it is blown from the coil drain, the tem­

perature of which is practically the same as that of the 

steam before it was converted into water.

108. Take method (1) first—that is, by using the latent 

heat imparted by the secondary steam to the circulation 

water passing through the distilling condenser. Although 

a description of the distilling condenser has not yet been 

reached, it can easily be realised that by taking part of 

the circulation water from the upper part of the distiller 

casing, the heat (which would otherwise be wasted by 

going away with the discharged circulation water) can be
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reclaimed, and thus be used for heating the feed-water. 

It is, however, advisable not to allow these distiller tubes 

to do too much heating work, for by taking the circulation 

water from too low a point the upper part of the distiller 

tubes will get covered with scale to an objectionable 

extent.

107. Fig. 13 explains the first method of heating the 

feed-water by means of the secondary steam. It will be

Fig. 13.

seen that the outlet circulation water is discharged at 

lower (C), a point rather lower down than (F), at which 

the feed-water is taken. The result of this is, that a body 

of circulation water is held up at (H), between (F) and 

(C), and there continues to receive more heat from the 

secondary steam entering at (S) than is imparted to the 

bulk of the circulation water that escapes at upper (C). 

This extra heating of the circulation water at (H) causes 

the tubes (T) to become more covered with scale than 

would happen lower down in the sheaf. This method is,
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therefore, good for heating up the feed-water to a small 

extent, say up to 120° or 130°.

108. Method (2) of heating the feed-water—viz., by 

using the sensible heat still remaining in the primary 

water, after the latent heat of the primary steam has 

been abstracted from it for evaporation purposes—can be 

effected as follows :—This heat can be utilised by 

means of a heater of usual type—i.e., a nest of tubes inside 

a casing, the hot primary water going through the tubes, 

and imparting its heat to the feed-water going through 

the casing surrounding the tubes.

109. Fig. 14 shows the type of heater in question. The 

hot primary water enters the heater at (P), and passes 

through the tubes (T), escaping at the bottom outlet for 

return to the boiler. The feed-water enters at (F.I.) into 

the casing, surrounds the hot tubes which impart to it 

the heat of the primary water inside them, and finally 

the heated feed-water escapes at (F.O.) to run into (or 

be pumped into) the evaporator casing.

Many other types of heaters can be designed, but Fig. 

14 shows a simple design which has been found to work 
well.

Note.—It should be noted that as much heat as possible 

should be abstracted from the primary water, as such 

water goes back to the hot well or elsewhere for return to 
the boiler.

110. The actual heat that is used, in the above way, to 

heat the feed-water may be arrived at as follows :—

Suppose 1 ton of distilled water—i.e., gained water— 

has to be produced per hour, and that the primary steam 

pressure is to be 25 lbs. (whose sensible heat = 266° F., 

and whose latent heat = 927 B.T.U.). The feed-water
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supply is to be 1 j tons per hour, and is to be heated_from 
120°, at which it leaves the distilling condenser, to 212° 
as it leaves the heater. The heat transferred under the 
foregoing conditions is as follows :—

Fig. 14.

138 units, for heating each lb. of the feed from 120L 
to 212° (212-120 = 92 X 1|= 138)—sensible 

heat.
966 units, for converting 1 lb. of feed-water into 

steam—latent heat.

1,104 units, required per lb. of feed-water.
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To meet the above requirement, the heat available is— 

927 units, for every lb. of primary steam converted 

into water—latent heat.

116 units, for cooling down the primary water 

from 266 to 150—sensible heat.

1,0 43 units, available.

Therefore, as 1,043 : 1,104 :: 1 : T06 (nearly)—i.e., l‘O6 

lbs. of primary steam will be converted into primary 

water for the production of every lb. of gained water, 

and the primary water will leave the heater at 150°.

111. But if the feed-water had not been heated by using 

the 116 units out of the primary water heat, the economy 

would have been as follows :—As 927 : 1,104 :: 1 : T19— 

i.e., 119 lbs. of primary water for every lb. weight of 

gained steam produced.

112. The economy of 1’06 is, of course, ideal, as no 

allowance is made for waste of heat by radiation, which 

is considerable, especially if the evaporators (during trials) 

are not lagged on the outside of the casing, a recent 

condition sometimes imposed (but the reason of it is 

difficult to account for).

113. The economy, in actual practice, will, therefore, be 

more than 1'06, and the specified limit imposed by the 

Admiralty of 1’2 will be much nearer actual results than 

the ideal of 1'06.

Heaters, Lagging of—Position.

114. The heater should be lagged on the outside, and 

such lagging may consist of the same material used for the 

evaporator shell, and the heater should be placed close 

to the evaporator, where it is fed, so that the feed-water
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can enter at the bottom part of the heater casing, rise 

up in between the tubes, and escape at the upper part 

of the shell into the evaporator. The feed-water can run 

or be pumped through the heater as may be arranged. 

The primary water should be blown into the heater tubes, 

preferably at the top end, so as to force itself downwards, 

imparting its heat to the feed-water as the primary water 

passes to the lower outlet of the sheaf, which should be 

connected to the pipe leading it to the feed-tank, or where 

else desired.

Economy on Steam Ships.

115. On steam ships the only way in which the economy 

of a distilling apparatus can be counted is by measuring 

the weight of primary water against the weight of the 

secondary water produced. By doing this the coal con­

sumption is indirectly got at, because we know that the 

heat absorbed to convert every lb. of water into 1 lb. of 

primary steam is the same (waste excepted) as the heat that 

the 1 lb. of primary steam will impart on its being re-con­

verted into primary water. Therefore, if 1 lb. of coal 

will yield 10 lbs. weight of primary steam, and it takes 

1'2 ]bs. of primary steam to evaporate 1 lb. of gained steam, 

the 1 lb. of coal will yield the following proportion of 

gained steam :—As 1’2 : 1 :: 10 : 8'33—i.e., 8*33 lbs. of 

gained steam per 1 lb. of coal. In “ multiple ” distil­

lation this ratio of water to coal will be dealt with more 

exhaustively.

116. It should also be noted that the economy of using 

“ exhaust ” steam instead of “ live ” boiler steam is 

further enhanced by the fact that the exhaust steam has 

done its work—i.e., it has no further useful purpose, but 

simply goes into, and out of the surface condenser as so
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much distilled water. The further use of such exhaust 

steam in an evaporator coil is, therefore, not a waste of 

coal fuel, in the manner that the alternative use of live 

steam would be, as such extra live steam would be 

converted into primary water without having done any 

previous work.

Note.—To ascertain the economy, it is necessary to see 

exactly what amount of heat (say per hour) is supplied 

to the evaporator in the way of primary steam, and then 

how much is used, and how much is returned by the coil 

drain, or rather how much, after the primary water has left 

the heater.

Heater Surface.

117. The amount of surface put in a heater differs 

amongst makers according to the type of heater used, 

the heat given to the feed, and the temperature 

at which the discharged primary water is to be. 

These and other considerations make it impossible to 

give an inflexible rule for the amount of surface. It 

is sufficient to say that the heating surface of the 

heater will always have some relation to the evapor­

ative surface of the evaporator. But this great dis­

tinction must be kept in view—viz., that in the evaporator 

coil, the heat that is imparted is the “ latent ” heat of 

the primary steam yielded when reduced to water, whilst 

the heat that is imparted in the heater coil is only the 

“ sensible ” heat left in the primary water which has just 

become liquefied, and, therefore, deprived of the latent 

heat that was available in the primary steam. Roughly 

speaking, the “sensible” heat thus available in the 

heater coil is about one-eighth of the “ latent ” heat that 

was imparted in the evaporator coil. It must be borne
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in mind, also that the heater coil has not to convert feed­

water into steam, but simply to raise its temperature 

a few degrees.

118. In settling the amount of surface for the heater, 

it must be remembered that only primary water is to be 

used for heating purposes. No primary steam should be 

allowed to pass along with the primary water, as no benefit 

will thereby be derived. It is true the heater will be 

made more effective, but then this will only be done by 

robbing the evaporator of the primary steam thus used 

in the heater, and such primary steam would be very 

much better employed in evaporative work—i.e., by con­

verting sea water into steam by its latent heat, than using 

some of this latent heat in heating up the feed-water.

Feed Heater—Its Construction.

119. The heater is best constructed with a shell, com­

posed either of steel or gun-metal. The position of the 

heater is best vertical, so that the two waters—viz., the 

feed-water on the one hand, and primary water on the 

other—are able to flow, or can be forced, evenly through 

the heater. The primary water inlet—i.e., from the coil 

drain—would appear to be best placed at the top of the 

heater, and the feed-water inlet at the lower end of the 

casing. This might be reversed by making the primary 

water enter at the bottom of the heater and the feed­

water at the top, but the former would appear to be 

preferable.

120. The heating surfaces can be made of straight tubes 

or coils, and the material should be solid-drawn copper ; 

if the tubes are expanded into tube plates, gun-metal 

of Admiralty quality should be used for the plates. 

The tubes, and all parts through which the primary
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water has to pass, should be proved to the same pressure 
as that applied to the evaporator coils.

(F) Th e Br in e .

121. Closely allied to the subject of the feed-water is 
that of the brine—that is, the remnant of the feed after 
a proper quantity of water has been evaporated from it 

for condensation into distilled water.
122. There are several points to be considered with re­

gard to the brine formed during sea water distillation, 
and these will be dealt with separately. The most im­
portant of them are as follows : —

(1) Its strength. - - '

(2) Its deposit on the heating surfaces.
(3) Its area at its surface or level.
(4) Its level in the evaporator.
(5) Its discharge from the evaporator.
(6) Its condition when boiling under pressure.

(7) Its dilution.

(1) Its Strength.

123. This has been partly explained in Chapter III.
124. When dealing with feed-water, it was shown that 

the quantity of feed was such as to provide for a brine 
strength equal to three times that of sea water—viz., ..% 
strength—the same being obtained by feeding in so as 
to provide for 5 evaporation and | brine, the brine thereby 
acquiring the salinity of the entire quantity of the sea 
water fed into the evaporator.

125. In official trials it is usual to weigh the brine pro­
duced, to see that it actually is half the weight of the 
water produced. This is undoubtedly the surest way to
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ascertain strength of the brine, but in practice—that 
is, in the general working of the apparatus when at sea— 
it is usual to take the salinity of the water drawn from 
the test cock by the salinometer, as explained in Sections 
88 and 89.

126. Although the salinometer test for brine strength is 
resorted to, it is not an infallible test, and no very satis­
factory system of regulating the feed can be effected by 
relying solely on it.

If the test cock is placed too close to the feed inlet, 
some portion of the specimen taken may be weaker than 
the brine generally, and be, in fact, only a specimen of 
heated feed-water. The inlet feed-water should be 
tested at 200°, in order to see what strength of the sea 
water is being fed into the evaporator.

127. The objection generally macle to over strong brine 
is that it is supposed to deposit more scale on the coils 
than brine at . But if 3 lbs. of sea water are fed into 
the evaporator, and 2 lbs. are evaporated, the remaining 
1 lb. should have the same salinity as the 3 lbs. originally 
fed in, and a certain amount of the saline matter (chiefly 
the lime) will adhere to the surface. If, however, instead 
of 3 lbs., only 2| lbs. are fed in, and 2 lbs. boiled away as 
before, then the | lb. of brine will have all the saline 
matter of the 2-| lbs. of feed, so that why more scale 
should be deposited on the coils would require explanation.

128. Not very long since it was argued that the coils 
became more dirty owing to excessive feed, as more saline 
matter passed through the evaporator, and therefore 
more came in contact with the coils. This would seem 
more rational. Perhaps the extra scale (if any) with a 
short feed is due to the fact that as the brine becomes 
denser its boiling point gets higher, and causes its scale
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to adhere more strongly to the surfaces. Be that as it 

may, whether or /0- or a higher salinity is better 

theoretically than it has had many trials under vary­

ing conditions, and has been decided on as the best 

strength to work with.

129. It may be observed that with a high salinity there 

is a greater risk of salting up, if the evaporator is fed 

casually by hand.
It has also been found that brine, when made very- 

strong, is rather apt to boil explosively, and shoot itself 

up in a rather objectionable manner.

Another objection to working with very strong brine is 

that if priming sets in—that is, if small particles of brine 

are blown over with the steam—such priming will be 

stronger or rather more saline, and, consequently, make 

the distilled water more impure than if the priming had 

come from a weak brine.

130. On the other hand, brine of high strength has the 

advantage of increasing the economy, as less heat is 

wasted with the brine discharged from a short feed.

(2) Deposit on the Heating Surfaces.

131. As the major portion of the saline matter is common 

salt, which is easily soluble in water, it is not this which 

gives the trouble in the deposit of scale on the heating 

surfaces. It is the lime salts, which are but little soluble 

in water, and adhere to the heating surfaces. The deposit 

on the heating surfaces is of a somewhat different character 

according as the sea water has been boiled under high or 

low pressure—that is, the deposit adhering to the heating 

surfaces, when the boiling is under a high pressure, is 

hard and refractory, sometimes almost like porcelain, 

whilst when the boiling is at a low pressure, the scale is
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comparatively soft and crumbly, so as to be easily re­

movable with the fingers. This is an advantage for double 

distillation where one evaporator is used, but in multiple 

distillation, when several evaporators are linked together, 

pressure steam must be used.

132. Scaling tools, for removing the scale from the coils, 

are usually supplied with the evaporator. These are of 

various forms and shapes, suited to the form and design 

of coil that is fitted in the evaporator. But a good deal 

of the scale can be removed by the expansion and con­

traction of the coils. A good plan is to empty out the 

boiling brine, then fill up quickly with cold sea water, 

and allow the water to stay in some little time. This 

will be found to very much loosen the scale, and make 

it more easy to remove when the coils are taken out to 

be cleaned.

(3) Brine Area.

133. Before dealing with the brine level, or the brine 

discharge, it is more convenient to deal with the brine 

area—that is, the area of its surface or steam delivery 

area. This is a very important matter in connection with 

the subject of priming, for if the steam delivery area is 

insufficient for the amount of steam that has to be evap­

orated from the sea water, frothing up will commence, 

and accumulate till it reaches the evaporator cover, and 

be carried over with the steam into the distiller, causing 

the fresh water to be salted so as to be quite useless, at 

anyrate, for such purposes as feeding water-tube boilers. 

When dealing with the size of the steam-room this sub­

ject was touched upon, but it is necessary to say a few 

words more here.
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134. This matter of a sufficient delivery area can be 

illustrated by comparing the boiling of ordinary water in 

a narrow test tube and in an open beaker. Fill a test 

tube about half full of water, and hold it over a Bunsen 

gas flame. When the water boils the ebullition will be 

very violent, and probably be sufficient to shoot the 

water out of the test tube. Next, fill a small beaker about 

half full of water, hold it over the same flame, and it will 

boil quietly, without anything like the agitation that was 

seen when using the test tube. This difference is due to 

the small area on the top of the water in the test tube, 

as compared with that in the beaker. In the test tube 

there was not sufficient area for the steam that was being 

generated to deliver itself freely, and the consequence was 

that the water was shot out by the steam being unable to 

get through to the surface. As the beaker had sufficient 

area for its steam to escape, the delivery was quiet, 

without any sudden discharge of boiling water.

135. Applying this to the area of the brine in an evap­

orator, it shows that it is a most important point to have a 

sufficient surface area for the gentle delivery of the steam.

136. To a small extent this delivery area is affected by 

the pressure over the brine, because when under high 

pressure the same weight of steam has a smaller volume, 

and, therefore, a smaller area should be sufficient for the 

amount of water that is being evaporated ; below atmo­

spheric pressure, the same weight of steam would have a 

larger volume.

The question of more or less pressure has, however, less 

effect on the sufficiency of brine area than one would 

expect.

137. The exact amount of brine area for a given output 

of steam is difficult to determine, as so many considera-
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tions affect it—e.g., the different construction of evap­

orators ; thus in some the tubes are large, as also the 

water space between them, while in others the coils are 

small and compact, and the intervening water space less. 

Moreover, it must be remembered that the smaller evap­

orators require a proportionally larger brine surface than 

do large evaporators. Experience is the only reliable 

guide as to what is a sufficient brine area. Probably 

every evaporator maker has a different rule to apply to 

his evaporator, and his rule would not apply to another 

maker’s evaporator. (See also “ Steam-Room, p. 99.)

138. Some makers find they can reduce the brine area 

by the use of baffles placed in the steam-room. This can­

not be regarded as wholly satisfactory. If the brine area 

is not sufficient priming will set in, and baffles will not be 

of much use. The Admiralty liud a rule that baffles \\ tic 

not to be used. The form of baffles that are used are very 

diverse. Some are placed low down, near the surface of 

the brine, whilst others are placed high up, near the outlet 

of the steam.

(4) Brine Level.

139. The best level for the brine, when the evaporator 

is at work, has also been a subject of much consideration. 

With the vertical sheaf of tubes (originally the only form 

of evaporating surface in use), the best brine level was 

found to be about three-quarters of the distance up the 

sheaf—that is to say, the sheaf was immersed in the brine 

to the extent of three-fourths of its height. The object 

of this was to allow the upper part of the tube surface to 

deal with the froth as it rose from the boiling brine, and 

thus lessen any priming action. Now that the evapor-
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ating surfaces have assumed various shapes and forms, 

the brine level has to be adjusted by experience, so that 

the greatest effect can be obtained without causing priming 

to set in.

140. In this respect, coils, when they are laid hori­

zontally, do not act in quite the same way as a vertical 

sheaf of tubes. Thus, in the vertical sheaf, the only 

method of stopping a tendency to prime is to lower the 

level of the brine until the priming ceases. To such an 

extent does the brine have to be lowered that, when 

dealing with some sea waters, the level has to be reduced 

to less than half its usual height before any primary steam 

can be turned into the sheaf. A set of horizontal coils, 

however, shows that if they are entirely immersed in the 

brine, a tendency to priming is created, that this tendency 

decreases as the level of the brine is lowered, and that 

when the level gets too low priming begins again.

141. Numerous experiments have been made to ascer­

tain what is the best level to work at, with the present 

form of separate coils (usually lying more or less hori­

zontally in the brine). Apparently it is that at which the 

top coil only is not immersed, which would indicate 

that the top coil has the effect both of dealing with the 

frothy matter at the top of the brine surface, and possibly 

acting also as a baffle. All the coils appear, however, to 

do their work equally, if one may judge from the amount 

of scale deposited on the coils when they are taken 

out to be cleaned.

142. As it is important to keep the brine level steady, 

an automatic discharge, which compels the brine to 

escape at a constant level, is a great advantage; for no 

amount of care and watching can possibly ensure so 

steady a level.
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(5) Brine Discharge.

143. The brine discharge, by which the brine level is 

governed, will now be dealt with.

144. The brine discharge may be either constant or 

intermittent. By constant is meant a gradual escape of 

the brine, and by intermittent a sudden emptying away 

of the entire brine from time to time ; on board ship it 

appears to be at the commencement of each watch. In 

the interval the brine level is kept by hand—that is, by 

partially opening the brine cock, according to the indica­

tions of the gauge glass and salinometer.

145. The advantage of an automatic constant discharge 

of brine is manifest. There is no objetcion to turning out 

all the brine periodically, but using the brine cock so as 

to work to a level that requires careful adjustment is 

naturally less efficient than a brine discharge that auto­

matically regulates the brine level. It is stated to answer 

all right when the risk is pointed out. If so, it would hardly 

appear necessary to have expensive appliances to regulate 

the feed, and so many conditions specified, if this impor­

tant matter is left to a casual feeding of the evaporator 
by hand.

146. The brine discharge, when the evaporator is 

working with a secondary pressure (that is, a pressure 

in the steam-room) at or just above that of the atmo­

sphere, can be arranged as shown in Fig. 15, which re­

presents an evaporator with casing (E)—the coils are not 

shown, so as not to interfere with the explanation of the 

brine level—and pipe (P), which rises from near the bottom 

of the casing to the outlet (B). The feed-water enters 

at (F), and the secondary steam evaporated therefrom 

escapes at (S) through a small hole of a size suitable to
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keep the pressure of the secondary steam at about | lb. 
per square inch (equal approximately to 6 inches head of 
water). When the pressure inside the casing is at | lb. 
per square inch, the brine in the casing will be forced up 
pipe (P) until it reaches about 6 inches above the brine 
level, and the brine level depressed to that at which it 
balances the pressure in the steam-room, while the brine 
is constantly discharged at (B). By this means the 
brine level is kept constant at (L) ; if the height of the

brine outlet (B) is so arranged as to allow for the maxi­
mum output of secondary steam through the hole (S), a 
suitable brine level will always be existing, whilst if the 
production of secondary steam is reduced the brine level 
would rise, but the risk of priming is then lessened by 
the diminished evaporation. A large blow off is provided
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at (BB), for use when desired. (K) is an air knob to pre­

vent syphoning action.

(6) Boiling under Pressure.

147. This automatic arrangement is, of course, possible 

only with a pressure in the steam-room about equal to 

that of the atmosphere. If the evaporator is working 

with either a pressure much above the atmosphere, or 

considerably below it, other arrangements have to be 

made for the brine discharge. Thus, if there is a pressure 

in the casing above that of the atmosphere, the brine can 

be got rid of by letting the pressure blow it away, but if 

the pressure inside the casing is less than that of the 

atmosphere, the boiling brine has to be drawn out by a 

pump.

148. Some makers combine the feed pump and brine 

pump in due proportion to their respective requirements. 

This is useful when the evaporation is steady, but if the 

evaporation exceeds or is less than two-thirds of the feed, 

the speed of the pump would require altering, or some 

other arrangement adopted to make all three—that is to 

say, the feed, evaporation, and brine—proportionate.

(7) Brine Dilution—(a) Method of Diluting.

149. Formerly, it used to be the custom for the brine 

to be allowed to run into the bilge, or into a tank at the 

bottom of the ship, with which the ship’s brine pump was 

connected and always at work. The brine was got rid 

of in this way. The hot brine, however, was considered 

objectionable, and a brine pump was required to be part 

of the distilling apparatus.

150. Cooling and diluting the brine after its discharge



THE EVAPORATOR. 133

from the evaporator casing is necessary when it has to 

be pumped away. There are several methods for arrang­

ing the supply of the cooling and dilution water. It is 

usual to take such water from the circulation water, 

either from the pipe leading the circulation water to 

the distiller, or from the lower part of the distiller casing 

before the water has become warm, and for this dilution 

water to be led into the brine receiver, and there mixed 

with the hot brine coming into the receiver, or to the valve 

box of the pump, or any other means that are suitable. 

Different evaporator makers have their own method of 

discharging the brine, as also of cooling and diluting it. 

Information on these points may be gained by reading 

their descriptive pamphlets.

(6) Quantity of Dilution Water.

151. The quantity of cooling and dilution water is 

usually that which reduces the brine to about half its 

density—that is, from ./I to 1/^ —and cooled down to 

150° or lower. Therefore, if the quantity of the cooling 

water is made equal to the evaporation, that will be 

equal to double the quantity of the brine, and the above 

requirements will be satisfied. If the evaporation fluctu­

ates, so as to be lowered much below half its maximum, 

then the feed (if not automatically regulated to suit 

the lowered production) will be increased. The pump 

will then have more to do, and should therefore be made 

amply large. If, however, the feed is regulated to suit 

the evaporation, however much it may fluctuate, then 

the brine will be proportionately lower, and the dilution 

water unchanged in rate of supply.

152. The least complicated way of dealing with the
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brine is to let it flow out of the evaporator into a receiver, 

into which the cooling and diluting water (sufficient for 

the maximum amount of brine) also flows, and for a pump 

large enough to draw all away.

General Remarks.

153. Fig. 16 shows generally the most important 

details of a “ Normandy ” type of evaporator grouped 

together.

Fig. 16.
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CHAPTER VII .

THE DISTILLING CONDENSER.

1. By  distilling condenser is meant the condenser that is 

annexed to the evaporator. This is different from 

the surface condensers used for condensing engines.

2. The distilling condenser is generally used for two 

purposes—first, to condense all or part of the gained or 

secondary steam received from the evaporator into pure 

distilled water (more or less warm) to make up for the 

loss of the boiler feed-water, or, secondly, to condense 

part or all of such evaporator steam into cold fresh water 

for drinking purposes.

(a) Warm Feed-Water Production.

3. Fig. 17 shows a distiller for yielding icarm water. 

The secondary steam or vapour from the evaporator 

enters the distilling condenser at (A), and its passage 

into the tubes (T) is sometimes controlled by a valve. 

The steam or vapour thus admitted is condensed (by 

the surrounding cold water) into warm distilled water, 

which escapes at the outlet (B). The circulation sea 

water enters the distiller casing at (C), fills the casing, 

and surrounds the tubes ; after condensing the secondary 

steam or vapour inside the tubes, it finally escapes at the 

outlet (D) in a more or less heated state. The feed-water 

can be taken from the branch (F), which may be placed 

a little higher than the circulation outlet, so that the feed-
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water is made somewhat hotter than the discharged cir­

culation water. The lower branch (G) is for a pipe for 

filling the evaporator, or for supplying the dilution water 

for the brine. Both this pipe and pipe from (F) should 

be controlled by cocks.

Fig. 17.

The Gained Steam.

4. To deal, first, with the secondary steam or vapour 

admitted into the distiller tubes. The most important 

point for consideration is the pressure, at which the second­

ary steam or vapour is admitted into the distiller tubes.
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It may be admitted (1) at, (2) below, or (3) above, the 

ordinary atmospheric pressure. The most convenient 

pressure is (1). In this case the gained steam at ordinary 

atmospheric pressure simply enters the tubes at the ordi­

nary atmospheric pressure (valve at (A) is really not 

a necessity), is condensed into water, which falls into the 

bottom pan, and flows to where it is desired. In case 

(2), if the secondary steam or vapour enters the tubes 

beloio atmospheric pressure, a pump must be used to suck 

away the water from (B), which causes a sucking action 

at (A), so that the valve at (A) will have to be regulated 

by hand, as the low pressure inside the tubes (T) varies. 

In case (3) also the valve at (A) will need occasional regu­

lation, and a valve will be needed at (B) to keep up the 

pressure in the tubes (T). Put shortly, the system of 

working at ordinary atmospheric pressure, as in case (1), 

accommodates itself at once to an automatic working 

between evaporator and distiller, which can hardly be 

said of cases (2) and (3).

5. When the distilled water is required for boiler feed, 

it is usually specified that it shall be delivered from the 

apparatus at a temperature not exceeding 150°, other­

wise it could not be satisfactorily measured.

(6 ) For Cold Distilled Water—Drinking Water.

7. Let us now examine the type of distiller required to 

produce the distilled water cold.

8. It differs from the distiller for feed-water chiefly in 

the form of surface—that is to say, a cooling surface has 

to be added for cooling the water. This may be con­

veniently provided by having a set of cooling tubes 

placed under the condensing tubes, as shown in Fig. 18.
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Here the secondary steam entering at (S) is condensed in 

the upper tubes, and the hot distilled water, as it 

drops from the inside of the condensing tubes, falls into 

the lower tubes, which become filled with water up to 

half way in the middle chamber (M). The water rises to 

this level as the fresh water rises from the bottom chamber 

(B) up the fresh-water pipe (F), the outlet of which is

Fig. 18.

on a level with the fresh water in the middle chamber. 

The circulation water, as before, enters at the lower 

branch (C inlet), and escapes at the upper branch 

(C outlet). The feed-water for the evaporator is at 

another outlet near the top. Branches for filling and 

diluting can also be placed near the bottom.

Note.—By taking the fresh water in the manner just



THE DISTILLING CONDENSER. 139

shown, it is got at its coldest, as it rises up pipe (F) direct 

from the bottom pan (B).

8. The following slight addition is needed to make the 

distiller work properly when the lower sheaf of tubes forms 

part of the apparatus ; it consists of a breathing knob to 

vent pipe (K), which allows the excess air to escape, when 

it comes over with the secondary steam at (S), by passing 

up the central tube and out into the atmosphere. In the 

distiller for producing warm water, the distilled water can 

escape freely from the bottom pan, and the air can pass 

along with it, but in the cold water producing distiller 

the lower tubes are filled with water, and there is no 

such means for the air to escape.

9. The distilled water produced by the distiller 

(Figs. 17, 18) flows, or is pumped away, as may be 

arranged. If the water is warm for feeding boilers, 

and an automatic feed regulator is included with the 

apparatus, the distilled water gravitates into the fresh 

water box of the feed regulator, and as it flows from 

the regulating box to the adjacent box, the water may 

flow or be pumped to where desired. If the distilled 

water is produced cold, it flows from the fresh water 

pipe (F) to a filter (described later on), then through 

the feed regulator, from which it flows or is pumped 

to where desired.

1. The Circulation Water.

10. The secondary steam passing from the evaporator 

into the distilling condenser has to be condensed. Cold 

sea water, being ready to hand, naturally suggests itself. 

Not only is the sea water the readiest, but it is also by 

far the most efficient medium that could be obtained for
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the purpose required—viz., that of abstracting the latent 

heat of the steam.

11. There is only one other medium which suggests 

itself for cooling purposes, ready to hand, and that is the 

air. This, however, as a cooling medium, is out of the 

question, for the following reasons :—First, its weight, as 

compared with that of water, would necessitate an enor­

mous amount of surface. Thus, 1 cubic foot of air, at 

normal pressure, weighs 0'071 lb., as against 64 lbs., 

the weight of 1 cubic foot of sea water, so that, to begin 

with, one would require about 100 times more surface 

with air than with water. Secondly, apart from the in­

feriority of weight, is its inferiority in specific heat. Air 

has only a specific heat of 0'238 when at a constant 

pressure, and only 0'169 when at a constant volume. So 

that when comparing what is required for using air in­

stead of water as a cooling medium, both these inferiorities, 

as compared with water, would have to be allowed for.

Note.—Specific heat, it may not be out of place to 

observe, is the capacity for heat which a substance has 

as compared with the same weight of water. Thus 

if the amount of heat required to raise 1 lb. of water 1° 

(391° to 40' 1° F.) is one unit (1 B.T.U.), it would take 

only 0'238 B.T.U. to heat 1 lb. of air (if kept at the same 

pressure), or 0'163 B.T.U. to heat 1 lb. of air (if kept at 

the same volume), the above being the heat capacity, or 

power of absorbing heat which air has ; its power of 

emitting heat would therefore be in the same ratio 

(reversed) with regard to water.

12. The following short Table of a few substances with 

their specific heat given (according to Petit, Dulong, and 

others) may be found useful:—



 

T H E D IS T IL L IN G C O N D E N S E R .

T A B L E M .— S p e c i f i c  H e a t  o f  v a r i o u s  S u b s t a n c e s .

(E qual W eigh ts).— W ater (a t 39°) being 1 .

S o l i d s .

Ice,  0-5040

M agnesium ,  0 '2500

A lum in ium , 0 ’2185

B rickw ork  (abou t),  0 -2000

G lass, 0 ‘1970

C ast Iron , 0 '1268

S teel, 0-1175

W rough t Iron , 0 ’1138

N ickel, 0 '1086

C opper,  0 ’0944

Z inc,  0 '0820

B rass (70%  copper and  30%  zinc), . . . 0 '0939

T in ,  0-0562

S ilver  0 '0557

P latinum ,  0 '0330

G old ,  0-0320

L ead , 0-0314

L i q u i d s .

W ater,  1-0000

A lcoho l,  0-6588  

M ercury , ................................................................. 0 '0330

O il,  0-3096

G a s e s .

H ydrogen  (constan t pressu re), ....  3-4046  

—  (constan t volum e),  2 '4096

C oal G as (constan t pressu re),  0 ’5929  

—  (constan t vo lum e), 04683  

A ir (a t constan t pressure),  0 ’2380  

—  (a t constan t vo lum e) 0 ’1620  

S team  (a t constan t pressu re),  0 -4750  

—  (a t constan t vo lum e),  0 '3640

13 . T he quantity of circu lation w ater requ ired to con ­

dense steam  to w ater, and if necessary , to coo l the ho t 

d istilled w ater (in connection w ith the tube su rface in

■■Mm HiM
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contact therewith) must be such that the circulation, as 

it passes in between the tubes, is able to absorb all the 

latent heat of the steam or vapour inside the tubes, and 

further to reduce its temperature when condensed.

14. Suppose, therefore, that per hour 1 ton (2,240 lbs.) 

of steam has to be condensed into water—i.e., hot water 

at 212°—and that such water has to be cooled to 150°; 

and that the circulation water is to enter the distiller at 

not less than 75°. Each pound of secondary steam (at 

atmospheric pressure) must part with 966 B.T.U. to the 

circulation water, in order to be reduced to a liquid. 

If, therefore, the circulation water is specified to have an 

inlet temperature of 75°, and it is convenient for such 

circulation water to be discharged at, say, 125°, a difference 

of 50° between its inlet and outlet (125 - 75=50), the pro­

portion of circulation water to the condensed secondary 

steam will be as follows :—

As 50 : 966 :: 1 : 19’3 tons of circulation water to 

1 ton of gained steam.

If, however, the distilled water is cooled down from 

212° to 90° (15° above 75°, the inlet temperature of the 

circulation water), then the ratio will be as follows :—

As 50 : 966+212- 90—1,088 :: 1 : 2T8 tons (nearly) 

of circulation to 1 ton of distilled water.

15. If 145° is the temperature of the circulation water 

at its outlet, the ratios will be—

As 145 - 75=70 : 966 :: 1 : 13’8 tons of circulation to 

1 of distilled water, or

As 145-75=70 : 966 + 212-90= 1,088 :: 1 : 15*5 tons 

of circulation to 1 of distilled water at 90°.
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16. In the ordinary surface condenser for condensing 
the exhaust steam from the engine, the usual allowance 

is 30 lbs. of circulation water per 1 lb. weight of steam. 
This would, therefore, involve a larger circulation pump 

and a smaller amount of surface than above given. Some 

condenser makers arrange their condensers to work with 

less circulation water, say 18 to 1. Other makers allow 

25 to 1, which is a still greater allowance of circulation 

water than is stated above for a distilling condenser. 
Books of reference give other ratios, such as so many 

units of heat per square foot of surface, but this depends 

much on circumstances, such as the nature of the cooling 

surface, its material and thickness, the temperature at 

which the circulation water enters and leaves, &c.

2. Surface—Condensing and Cooling.

17. The surface to be allowed per square foot depends 

on so many considerations, that no rule is applicable to 
all cases. The surface must be sufficient to allow the 

circulation water to abstract all the latent heat of the 

secondary steam, and the heat necessary to cool the water 

produced to the desired temperature.

18. Condenser makers have different rules to work by 

for the surface they allow. Some makers allow more 

circulation water, in order to reduce the surface area, 

and, consequently, the size of the condenser, but this 

requires a larger pump. Others reverse this, and allow 
plenty of suiface and a reduced circulation.

19. Sometimes an allowance of 1 square foot of surface 

(brass tubes) is allowed per 25 lbs. weight of steam, on 

the assumption that the circulation water is 30 times that 

of the steam (30 x 25= 750 lbs. of circulation water), and 
its inlet temperature is 60°.
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20. Sometimes the surface allowed for the surface 

condenser is as follows One square foot of brass tube 

(18 I.S.W.G.) surface per 30 lbs. of steam at a temperature 

of 212° to 30 lbs. of water at about 100°, with the circu­

lation of 900 lbs. of sea water entering at about 50°, and 

discharged at about 90°. This would be for ordinary 

climates, but if the sea water used for the circulation is 

in the tropics then the surface allowed is 1 square foot 

per 16 to 20 lbs. of steam to be condensed.

AMe.—This works out as follows :—

966 units of latent heat in the steam,

112 degrees cooled down (212— 100 — 112).

1 ,078 (total) x 30 = 33,040 units of heat imparted by 

the steam.

9 0° temperature of outlet circulation.

5 0° „ inlet

4 0° (difference) X 900 = 36,000 units.

That is to say, 33,040 units imparted to, and 36,000 units 

of heat absorbed by the circulation water; which about 

balances the heat given and received. If the surface 

allowed is 1 square foot per 16 or 20 lbs. of water, other 

conditions being the same, it gives almost double the 

surface to be allowed for tropical climates.

3 . Dilution and Feed-Water Allowance.

21 As it is usual to take water for diluting the brine 

from the lower part of the distiller casing, and more circu­

lation water from the upper part of the casing for evapor­

ator feeding, the total quantity of these two waters should
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not be omitted in estimating the amount of circulation 
water required.

Construction of the Distiller.

(a) The Coils or Tubes.

22. Ihe tubes are best made of solid-drawn copper. 

Some makers use brass instead of copper, but whether 

copper or brass is used, the tubes are tinned both inside 
and out.

23. What has been said in a former chapter when 

comparing the use of the two metals, copper and brass, 

for the heating surfaces of the evaporator applies equally 

to the condensing and cooling surfaces of the distilling 

condenser. The preference of copper to brass is based on 

the two following considerations :—

(1) I lie lessened liability to galvanic action in the copper 
tubes.

(2) The higher conductivity of heat of copper tubes.

With regard to (1), the galvanic action that takes place 

in brass tubes when used in a distiller has been very 

noticeable. Such action is usually manifested by the 

tubes becoming perforated by small holes, no larger than 

pin holes, through which the circulation water will enter, 

and of course, spoil the distilled water as soon as it is 

produced. Another way in which this galvanic action is 

manifested, is that the tube ends protruding through the 

gun-metal tube plate, beyond their expansion therein, 

have been known to waste away at the joint, so that short 

ends drop off into the middle chamber (M) in Fig. 18. 

This can only be accounted for by galvanic action.

10
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Similar sheaves of copper tubes show no such inclination 
to perish.

Note.—It is thought advantageous to have brass tube 
plates and brass tubes, so as to have all of same metal; 
but copper tubes with gun-metal plates would seem to 
offer practically the same advantages.

(2 ) With regard to the conductivity of the two metals, 
what has already been said when dealing with the 
heating surfaces of the evaporator need not be repeated 
here, to show that a copper sheaf is about 20 per cent, 
more effective than a similar sheaf made of brass 
tubes (see p. 96).

24. The form of the surfaces varies with distiller makers. 
The most usual form is that of a set of tubes (copper or 
brass, as the case may be) either straight or coiled, but 
still of ordinary pipe shape. This is the most usual, but 
some makers prefer tubes that are flattened either at 
specified distances, or in such a manner as they think 
most scientific.

25. The size of tubes usually put in distilling con­
densers is f or I inch in outer diameter, and the thickness 
18 I.S.W.G. The tubes (tinned throughout) are best 
expanded in the plates.

The test pressure is usually 30, 40, or 50 lbs. per square 
inch.

26. The space between the tubes varies from about (4 
inch, in small size tubes, to 1| inch, in tubes of larger 
diameter. The object, of course, is to put the tubes as 
close together as possible, in order to get the maximum 
of surface in the minimum of space, consistent with the 
water circulating freely, and the easy removal of the scale 
formed outside the tubes.
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(6) The Casing.

27. The casing enveloping the tube surfaces is best 

made of sheet copper. If weight and space are not 

objected to, the casing can be made of cast iron or 

steel plate, in the former the corrosion is less. It is 

usual to galvanise the casings if iron or steel. This acts 

as a preservative, and when iron or steel is used it is 

customary to fix zinc blocks at suitable parts of the casing, 

to divert the galvanic action from the casing. These zinc 

blocks should, however (as said in a former part of this 

book with regard to evaporator casings), be carefully 

fitted—i.e., clean metal to metal—or the danger sought 

to be obviated may be aggravated.

28. The cover of the distiller may consist of a single 

piece of thin sheet copper, gripped between the flange of 

the casing and an iron ring, as shown at H in Fig. 17 

(p. 136). This arrangement has the advantage of 

superseding an expansion joint for the tube sheaves.

29. Fhe distiller casing, usually cylindrical, is generally 

subjected to a test pressure of 40 to 50 lbs. per square 

inch. It is usual to make the shell in halves or sections 

for convenience of taking apart in confined places—that 

is, if the casing has considerable height.

(c) Fittings for the Distiller.

30. The usual fittings are as follows

(1) A steam valve (if required for the mode of working). 

This is required (1st) if the distiller receives pressure 

steam from the evaporator, or (2nd) if the distiller 

is made to work at a minus pressure, i.e., less than 

the atmosphere under normal conditions, inside the tubes. 

If the distiller is intended for working in 1st way only
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that is, by taking the steam from the evaporator at 

ordinary atmospheric pressure—no steam valve is really 

required with automatic working.

(2) A feed cock and pipe, fitted to the upper part of the 

distiller casing, and leading warm water to the feed regu­

lator or feed box, as the case may be. The feed cock, in 

case of emergency, may be used for regulating, by hand, 

the feed supply to the evaporator, but it is, of course, 

preferable to let the feed regulator or feed box do this. 

The feed cock is also useful for regulating, or rather 

mitigating, any excessive pressure that may be due to 

a head of water over this feed supply. Such pressure 

may be considerable if the apparatus is placed low down 

in a large ship, and might overpower the float in the feed 

regulator, if not controlled by the feed cock on the 

distiller.

(3) A filling cock and pipe, fitted to the lower part of 

the distiller casing. This is for charging the evaporator 

quickly with sea water as occasion may require.

(4) The dilution cock may be fitted to the same branch 

as the filling pipe is, in order that the same supply may 

be used for filling and for diluting.

(5) A valve on the circulation inlet may be fitted if 

desired, but no valve, other than a non-return one, should 

be fitted on the circulation discharge pipe.

(6) A relief valve is sometimes fitted on the casing, so 

that if any stoppage takes place in the free passage of 

the circulation water through the distiller, the continued 

action of the pump will do no injury.

(7) An air pipe or vent is fitted to the upper sheaf of 

tubes (the condensing tubes), for allowing the excess air 

to escape from these tubes. This air pipe or breathing 

pipe can be conveniently fitted to the top of the secondary
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steam pipe, so that it can be made to pass down the central 

tube, and thus allow the excess air to escape instead of it 

accumulating in the upper tubes, which stops their proper 

action (see Fig. 18, p. 138).

(8) Strainers should be fitted to the circulation inlet, 

and to the feed supply, and these pipes should be of ample 

size. The strainers are to prevent foreign substances 

getting in with the circulation water, which might inter­

fere with the proper working of the apparatus. In modern 

ships, more care is taken than used to be the case. The 

pump used to draw water direct from the sea with 

no strainer, and the consequence was that all sorts of 

substances were drawn in with the circulation ; for in­

stance, small fish got drawn in, and distillers have been 

known to become filled with fish bones as the result.

General Remarks.

31. Generally, with regard to the construction of the 

distiller, too much attention cannot be paid to the neces­

sity of having all parts made of the best materials and 

workmanship, and small details carried out, otherwise an 

apparatus may give trouble by the inefficiency of some 

detail which may be difficult to locate.
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CHAPTER VIII.

(a) THE FILTER; (6) THE STEAM PUMP; (c) THE 

CONNECTIONS; (c?) SPARE GEAR; (e) CLEAN­

ING- ARRANGEMENTS; (/) BOARD OF TRADE 

RULES.

(a) The Filter.

1. Th e filter is an important item where distilled water 

of the best quality for drinking is required. A water may 

be pure, yet unpalatable. The mawkish and insipid taste 

of distilled water is too well known to need description. 

This insipidity is entirely removable by proper aeration 

and filtration of the distilled water.

2. Animal charcoal is used for rendering (aerated) dis­

tilled water palatable, but to be effective its relative 

volume must be large.

3. Distilling apparatus for producing drinking water 

should include a filter. It adds rather to the bulk of 

the plant, but on land the apparatus may be made more 

capacious than that for a steam ship.

4. For the filter to be effective the distilled water 

should be well aerated—that is, well impregnated with 

air. When any water is heated the air in solution is 

driven off long before it boils. This may be seen by 

putting a little ordinary cold water in a test tube, and 

holding the tube over a gas flame. In a moment or two 

small bubbles will be seen adhering to the sides of the
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tube, and will gradually disengage themselves. Or again, 

if cold water be put into an ordinary glass jug and brought 

into a warm room bubbles will soon appear on the inside 

of the glass. This is owing to air being discharged as 

the temperature rises, until at the boiling point (212°) 

the water is almost free from air, and consequently boiled 

water has a different taste. The action of the filter on 

non-aérated distilled water is imperfect.

5. The action of the charcoal appears to be catalytic— 

that is, it oxidises the trace of gaseous organic matter or 

empyreuma passing over with the steam, which thus 

taints the distilled water. Whatever may be the action 

of the animal charcoal, it unmistakably converts un­

palatable distilled water, into water equal in taste and 

appearance to water obtained from the best natural 

sources.

When the charcoal is first used a slight trace of am­

monia may sometimes be detected, but this will soon pass 

away on continuing the use of the charcoal.

6. The filter can be made of any shape, provided the 

water is distributed evenly and does not run in currents. 

The quantity of charcoal used should not be less than 

about 4 cubic feet per ton of water filtered per hour.

7. The filter may be made in the form shown in Fig. 19, 

which represents a cylindrical tank, with a partition (P), 

so as to cause the unfiltered water entering at (I) to pass 

evenly down one compartment and up the other to its 

outlet at (0). Perforated gratings on the top of the char­

coal in each compartment keep the charcoal in place, and 

the proper distribution of the water flows through it. 

The knobs (K) are to let air escape.

8. The animal charcoal when used for distilled water 

will retain its effect for a very long time. Care should
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be taken to prevent any grease or lubrication from the 

pump contaminating the water. This might happen if 

the distilled water is pumped into the filter, and the 

filtered water allowed to gravitate away. It should also 

be noted that red lead must be avoided in making joints 

that are in connection with the distilled water, as the 

water would be fouled by the oily matter, which is not 

removable by the filter.

Note.—Before leaving this subject, a few words may 

not be out of place with reference to the process of 

purifying water by ozone. Ozone is an allotropic and 

denser form of the gas oxygen—i.e., it is oxygen in a 

somewhat different atomic state. Thus, nascent oxygen 

is in the form of one atom or molecule, the oxygen in the 

air is in a double atomic form, and ozone, of which there 

is a small quantity also in the atmosphere, is in a triple 

atomic form. Ozone has a strong tendency to oxidise, 

and therefore consume organic matter, so as to make it a 

powerful oxidiser. By this process, which is given 

more in detail in the Times Supplement of 4th August,
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1909, ozone is obtained in large quantities by means of 

the silent discharge of electricity which passes between 

the poles of a powerfully charged magnet. The process 

appears to be recommended in combination with filtration. 

Whether it will be useful in removing the taint and odour 

of distilled water remains to be seen.

(b) The Steam Pump.

9. The steam pump, usually included with the dis­

tilling apparatus, is made to combine several functions; 

it generally acts (1) for circulation, (2) for fresh water, 

and (3) for brine, thus making it of triple-function. The 

evaporator feed may be supplied to the evaporator by 

gravitation, but if the evaporator is working at a pressure, 

there must be another pump (4) to force in the feed-water.

10. In Admiralty ships it is now the practice to divide 

the pumps of each set of distilling apparatus into two 

machines—viz., one machine consisting of the circulation 

and fresh-water pump, while the other machine deals with 

the evaporator feed and brine. This is a suitable arrange­

ment, as the brine and feed-waters can thus be kept at a 

constant ratio.

11. The Board of Trade rules require that the circula­

tion pump should be available as a fire-pump in case of 

emergency.

12. The pumps should be of the best make throughout. 

All parts coming in contact with water, such as valves, 

valve-boxes, plungers, and barrels, should be of Admiralty 

quality gun-metal. It is well to allow a good margin for 

the capacity of all the pumps. The pumps should be 

fitted with suitable relief valves, and air vessels of specified 

capacity—that is to say, twice the capacity of the pump.
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13. It is usual to test the pumps as follows :—The 

steam cylinders and all parts subject to boiler pressure 

are proved to about 450 lbs. per square inch. The cir­

culation pump to 50 lbs. per square inch. The force 

pumps generally to about 200 lbs. per square inch.

14. The pumps supplied for land distilling apparatus 

are practically on the same principle, but they will be 

referred to more in detail when the subject of multiple 

distilling apparatus is dealt with, the type of apparatus 
best suited for land work.

15. The steam to drive the pumps comes from the boilers 

on board, and as the exhaust steam usually goes into the 

exhaust steam pipe, the pump should be arranged to work 

with a back pressure of about 25 lbs. per square inch on 
the exhaust.

(c) The Connections.

16. It is usual for the distilling apparatus to include all 

the fittings, mountings, and connecting pipes. All pipes 

for steam and water are brought up to the branches. 

A drawing is usually sent to the builders of the ship, or 

contractors for the main or auxiliary engines, as the case 

may be, for them to provide the necessary space for the 
apparatus on board.

17. It is well to bear in mind that the pipes leading to 

and from the apparatus must be of proper size—that is, 

not too small—e.g., two pipes must not run into one of 

the same size, at some distance from the apparatus, as 

this might create a back pressure, and cause troubles 

and difficulties, sometimes not very easy to trace.

18. All connecting pipes should be made of copper as 

usual, and all pipes through which brine passes should be
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of ample size to compensate for the furring up which in­

evitably occurs. Steel pipes are now sometimes used.

19. The pipes through which the drinking water passes 
should be tinned inside.

(d) Spare Gear.

20. Spare gear may be divided into two lots—First, 

such articles as are required to work the apparatus in 

the ordinary way—e.g., spanners, interchangeable coils 

(for convenience when the dirty tubes are being cleaned). 

&c.; and secondly, such articles as may be considered 

requisite to replace parts that are subject to much use 

and wear—e.g., the moving parts of the pump, &c.

21. On Government ships the spare gear is somewhat 

considerable, as will be seen from the list, which is sub­
stantially as follows :—

For the Pump.—Practically all the moving parts are 

duplicated in the spare gear, and these have to be fitted 

in place and worked when viewed by the inspecting officer, 

who generally also inspects the original moving parts under 
working conditions.

For the Evaporator.—A complete set of heating surfaces 

is required ready for replacing the set already in the 

evaporator. All the coils and the separate parts of coils 

must be interchangeable. A spare coil drain is also some­
times specified.

For the Distilling Condenser.—The spare gear includes 

a set of cooling surfaces. The surfaces are usually fitted 

in gun-metal plates, so that the whole sheaf of tubes may 

replace the sheaf already in the distiller. Sometimes, 

however, the whole sheaf is not required, but simply a 

spare set of loose tubes.
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For the Heater.—The usual requirement is a set of 
coils, ready for fixing in place.

22. For passenger ships and emigrant ships the spare 

gear is specified by the Regulations of the Board of Trade, 

and a list may be seen in Seaton and Rounthwaite’s 
Pocket-book.

(«) Cleaning the Apparatus.

23. During work, the evaporator coils are constantly 

accumulating and shedding scale. This scale may bo 

raked out through a small mud door, until it is convenient 

to open out the apparatus for cleaning purposes.

24. To clean evaporator coils—First shut off the prim­

ary steam valve, and run off all hot brine by the brine 

valve ; then fill up again rapidly with cold water by 

opening the filling cock, and re-admit primary steam to 

the coils. This will loosen the scale left on the coils. 
Then empty again as before.

25. Next unbolt and swing off the large cleaning door 

by its tackle (when provided). Then detach coils separ­
ately.

26. Take off small door, and rake out deposits.

27. After cleaning coils, replace them, and, before 

closing up, test joints, which should be all visible, under 
pressure.

28. Ihe evaporating coils are generally separately de­

tachable, and are readily cleaned and replaced inter­

changeably. In a very small apparatus there is generally 

only one coil to remove.

29. The passages for the primary steam into the evap­

orator and the outlet for the primary water to coil 

drain should be carefully cleaned.
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30. It is well to keep clean the holes in the feed box, 

or feed regulator, so that the sea water may pass freely, 

and without diminution, through them. If gratings are 

used, as they should be, to strain off impurities, these 

gratings should also be cleaned. The floats should also 

be seen to work properly, and not be sticking in the 

spindles or guides owing to an accumulation of dirt.

31. The evaporator casing is not an evaporating surface, 

and it is not necessary to clean off the scale too frequently. 

Scraping it off tends to wear out the casing. . . •

Bo a r d o f Tr a d e Ru l e s .

32. The following is a summary of the rules of the 

Board of I rade regarding the distilling machinery on 
board ships :—

33. Where in evaporators, generators, feed make ups, 

&c., pressure is an essential feature in the process of 

evaporation, whether such evaporation is produced by 

heat from coal, gas, steam, or otherwise, the strength, 

quality of material, and method of construction must be 

in accordance with the regulations for steam boilers, and 

they should be examined by the official surveyor on each 

occasion the vessel is surveyed for passenger certificate, 

in the same manner as other boilers on board the vessel. 

All the fittings and mountings of such evaporators should 

also correspond with the fittings specified for a steam 
boiler.

34. If the evaporator shell is made of steel plates, all 

the rules apply just as in the case of the construction of 

a^steam boiler. It is impossible iiere to deal with all 

these requirements; reference should be made to a 

book like Seaton and Rounthwaite s Pocket-book for de-
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tailed information as to the rules regarding the construc­

tion of boilers.

35. The Board of Trade additional rules also provide 

that the distilling apparatus on board emigrant ships 

should be taken to pieces every voyage, unless the ship 

is one holding a passenger certificate, when this opening 

out of the apparatus is required once every six months 

at least. The tubes or coils are also to be tested to twice 

the pressure at which the safety valve is loaded, or twice 

the highest working pressure of the boiler from which the 

apparatus can be worked. After putting the apparatus 

together again, it is to be tested as to its capability of 

producing its proper quantity. The boiler referred to is 

(in the absence of an evaporator) a donkey boiler on 

board the emigrant ship, for the purpose of supplying 

steam to the distilling condenser. The rules regarding 

boilers generally apply to these small boilers.

36. The water produced is to be cool, pure, and fit to 

drink immediately it is drawn from the filter of the appar­

atus. The apparatus must include a filter charged with 

animal charcoal, and the charcoal should be taken out, 

cleansed, or renewed every voyage, except in cases of 

ships holding passenger certificates, in which the taking 

out of the charcoal may be taken out not oftener than 

once every six months. A capable man is required to be 

in charge of the apparatus.

37. The steam for working the apparatus must not be 

taken from the main boiler (this would appear to mean 

that the main boiler steam must not be condensed for 

drinking water purposes), and no exhaust steam should 

go into the condenser if the steam is greasy, and the boiler 

of the apparatus must not be filled or fed with water from 

the surface condensers, nor the apparatus be fitted with
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grease cocks. The presence of zinc in such boilers is con­
sidered objectionable.

38. A relief valve is required on the distiller casing for 

the escape of the circulation water, if necessary ; and if 

the casings of the apparatus cannot stand boiler pressure, 

there should be a safety valve fitted between the steam 

pipe and the apparatus.

39. A list of tools and materials is included in the rules, 

the principal items of which are as follows :—

Stoking tools ) (that is, for a donkey boiler, if 
Set of fire bars ) supplied).

Scaling tools.

Spanners.

A double charge of animal charcoal.

Salinometers (two made of glass) and brine pot for use 
therewith.

40. Besides the Board of Trade Rules there are various 

other regulations applicable to boilers, which would also 

apply to evaporators working under pressure. These 

regulations principally are those issued by the (1) Ad­

miralty, (2) Lloyds, and (3) Bureau Veritas. These are 

also to be found in Seaton & Rounthwaite's Pocket-Book.
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CHAPTER IX .

THE WORKING OF A DISTILLING APPARATUS.

Ordinary Ship Double Distiller.

1. An  evaporator is simply a boiler worked by steam ; 

consequently it has a much greater evaporating surface 

and power than a boiler of the same size heated by coal 

fire, whilst the quantity of water operated on is only a 

small fraction of that in a fire-heated boiler of the same 

evaporative capacity.

2. As the quantity of water in an evaporator is relatively 

small, and its evaporative surface proportionally so large, 

it is highly important to make sure that the evaporator 

is working steadily—i.e., that its brine level is steady— 

in order to avoid any risk of the water being entirely 

evaporated off, or of the evaporator being deluged with 

water, either of which events will happen if reliance is 

placed on a man in charge adjusting the feed and brining 

by hand. In the first case, the evaporator will salt up ; in 

the other, priming will occur and spoil the distilled water. 

These difficulties may arise in a few moments.

3. The feed-water having to be fed in such large quan­

tities, and the evaporation being so large from compara­

tively so small a volume of sea water undergoing the 

operation, and the proper amount of brine discharge 

being so important, it has been found that an effective 

arrangement for automatically feeding and brining can 

alone give satisfaction.
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Directions for Working.

4. The following details explain the (automatic) work­

ing of the apparatus (Fig. 20) in actual use, and includes 
a description of all the parts :—

A, [Gained steam pipe.

B, Water pressure gauge to show pressure (about 

atmospheric) in evaporator casing.

C, Steam gauge to show pressure in coils.

D, Steam valve, for starting evaporator.

E, Brine pipe, for brine discharge (constant action).

F, Brine blow-off valve (to empty evaporator).
11
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G, Circulation discharge.

H, Feed pipe and cock, to feed box from distiller.

J, Water level gauge.

K, Feed inlet to evaporator.

L, Feed box (ordinary adjustment).

(I), Gauge glass on feed box.

M, Feed pipe to evaporator (from feed box).

N, Fresh water pipe from distiller to filter.

O, Circulation inlet (from pump not shown).

P, Fresh water outlet from filter.

Q, Filling pipe, for charging evaporator with sea water.

R, Drain cock to empty distiller.

In this apparatus a feed box (L) is shown instead of a 

feed regulator (Fig. 12, p. 113). The feed gravitates 

from the feed box into the evaporator.

First.—Start the pump (to about the speed specified 

it should work at) so as to pass circulation water through 

the distilling condenser, entering it at (0) and escaping 

at (G), and as soon as this is done use the filling pipe (Q) 

to charge the evaporator with sea water, and then let 

the ordinary feeding take place by means of the auto­

matic feed box (L) or regulator (Fig. 12, p. 113).

Secondly.—Let the boiler steam pass, by valve (D), into 

the evaporator coils. It is best to do this very gradually, 

and as soon as an adequate pressure is obtained in the 

evaporator casing, generally about 3 to 6 inches head 

of water, indicated by water pressure gauge (B), then let 

the apparatus work at this, and pass its gained steam 

through pipe (A) into the distiller tubes.

Thirdly.—The water produced will soon flow from the 

fresh water pipe (N) into the feed regulator, if there is one 

(Fig. 12, p. 113), thereby regulating the feed; and the brine
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will thus adjust itself so as to be in due proportion to the 

fresh water. If a filter is part of the apparatus, the fresh 

water will pass through the filter on its way to the feed 
regulator.

Fourthly.—The pumps will now draw away the fresh 

water and the regulated feed water, delivering the former 

to where desired, and the latter to the evaporator casing.

Trial Sheet.

5. A Form for entering the usual particulars required 

by Government is given below. For Government trials 

it is necessary to provide proper measuring tanks, in order 

to show the quantity of gained water produced, the weight 

of primary steam used, and the brine discharged, in com­

pliance with the specification. All materials have first 

to be tested to the satisfaction of the inspector or over­

seer, and all parts of the apparatus have to be proved 

and passed in compliance with the terms of the specifica­

tion. No distinction is made with regard to the long 

standing of any makers. All are treated in the same 

manner.

6. In the case of private contracts—that is, with regard 

to distilling apparatus supplied to private firms—the in­

spection is not nearly so strict, satisfaction being felt by 

specifying that the makers are to supply the distilling 

apparatus so as to meet the Board of Trade requirements, 

and the trial of the apparatus is more or less formal, 

according to the confidence in the makers that are sup­

plying the distilling apparatus.

Note.—Official trials are usually conducted under the 

following conditions :—

(1) Primary Steam Pressure—25 lbs. per square inch
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in the pipe supplying exhaust steam to the evaporator, 

and 150 lbs. pressure in the pipe supplying steam to the 

pump. This is on large ships. On small ships the 

evaporator receives live steam.

(2) Secondary Steam Pressure—0'5 lb. per square inch 

in evaporator case is led into the distiller. The distiller 

is, however, required to work sometimes below atmo­

spheric pressure, and the vacuum or minus pressure in 

the distiller into which the secondary steam is discharged 

may then amount to 18 inches.

(3) Pump Speed—Piston is not to travel more than 

100 feet per minute, nor make more than 60 double strokes 

per minute, and crank revolutions not more than 60 

per minute.

(4) Evaporator to be charged and fed with sea, or salt, 

water at a “ density” of (See observations, p. 25.)

(5) The brine in the evaporator to have a “ density ” 

between and (See observations, p. 25.)

(6) The brine to be discharged at least 30 feet above 

the bottom of the evaporator. This is on large ships.

(7) The water diluting the brine must be at least twice 

the quantity of the brine.

(8) The temperature of the condensed primary steam 

is not to exceed 150° when it is discharged from the 

apparatus. That would mean after its heat has been 

used in the evaporator feed-water heater.

(9) The circulation water is not to have any head over 

the suction—i.e., it is not to flow into, but be sucked up 

by the pump.
(10) The inlet circulation water is to have a temperature 

of 85°.

(11) The evaporators are not to be lagged during the 

trials.
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®S

(12) Duration of Trial—Four consecutive hours on the 

above conditions, with a production of 10 per cent, more 

than ordinary output specified; and during the trial there 

must be no altering of the steam valves or feed inlet, nor 

any manipulation of the automatic feed.

This margin (10 per cent.') is sometimes increased to 

20 per cent, for trial before delivery, and 10 per cent. 

on subsequent trial when the apparatus is fixed on board 

ready for use.

Note.—In H.M. ships of cruiser and battleship type, 

it is usual to have a combination of two evaporators 

working with one distilling condenser. This saves space, 

but the arrangement is not so simple as a single evapo­

rator working with its own distiller.

General Observations.

7. For ordinary working of a double distiller, an 

atmospheric pressure for the gained steam is clearly 

preferable to a minus pressure or vacuum. Perhaps the 

strongest argument in support of this is, that whereas a 

few years back, specifications required the double distiller 

to work always at a considerable minus pressure, now 

specify that practically atmospheric pressure is to be the 

condition for normal working. Where, however, the 

latter system (i.e., a vacuum) is specified it is always 

complied with.

N
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CHAPTER X .

GAS AND OIL STOVES FOR EVAPORATORS.

1. Be f o r e considering the multiple distilling apparatus, 

a few words may be devoted to the use of gas and oil 

stoves in distilling on land—e.g., in houses or industrial 

establishments. This type of distilling apparatus is 

necessarily very small—i.e., suited for a small supply of 

water, say 1 or 2 gallons per hour ; but this small quantity 

is produced very pure, as the steam is usually generated 

from water that is impregnated with only small quantities 

of chalk or other impurities, yet sufficient to make such 

water objectionable in many cases, either for drinking 

purposes, or industrially, where absolutely pure water 

is required. The distilled water can be filtered so as to 

render it agreeable to the taste, but for use with accumu­

lators it is best unfiltered. Fig. 21 (p. 168) shows an 

apparatus of the above description complete with a filter.

2. A small apparatus of this kind must necessarily be 

worked automatically ; otherwise it would soon get out 

of order, or require an inordinately expensive attendance.

3. The working of the apparatus represented in Fig. 21 

is as follows :—

(1 ) When the gas at (A) is ignited, the impure water in 

the generator over it is boiled and converted into pure 

steam. This steam passes over, by pipe (C), into the 

tubes inside the distilling condenser (D), where it is con­

densed into pure distilled water, which flows away at (E).
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(2) A suitably regulated quantity of feed water auto­

matically passes at (B) into the generator, and the excess 

is discharged, also automatically, at (F). The feed-water 

at (B) is taken from the circulation water as it passes 

through the condenser.

(3) This circulation water (which may be taken from 

Fig. 21.

the main) enters at (O), surrounds the tubes inside the 

distilling condenser (thereby condensing the steam inside 

of them into distilled water), and then passes out to 

waste at the point (H).

(4) The opening (G) affords a means of charging the 

generator with water to start working with. The gener­

ator is emptied by the cock (M).
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( 5 )  T h e  c i r c u l a t i o n  w a t e r  c a n  b e  d r a i n e d  o u t  a t  ( J )  w h e n  

l e a v i n g  o f f  w o r k .

( 6 )  T h e  p u r e  w a t e r  e s c a p i n g  a t  ( E )  i s  u s u a l l y  w a r m  f o r  

i n d u s t r i a l  p u r p o s e s ,  b u t  w h e n  r e q u i r e d  f o r  d r i n k i n g , i s  

c o o l e d  a n d  r e n d e r e d  p a l a t a b l e  b y  b e i n g  p a s s e d  t h r o u g h  

a  s u i t a b l e  f i l t e r  p l a c e d  u n d e r  ( E ) .

4 .  T h e  c o n s u m p t i o n  o f  g a s  d u r i n g  w o r k  m a y  b e  a s c e r ­

t a i n e d  a s  f o l l o w s  : —

( 1 )  I n  C h a p t e r  v .  o n  “  F u e l s ”  i t  w a s  s h o w n  t h a t  t o w n  

g a s  w a s  c a p a b l e  o f  i m p a r t i n g  h e a t  a t  t h e  r a t e  o f  5 7 0 , 0 0 0  t o  

6 0 0 , 0 0 0  B . T . U .  p e r  1 , 0 0 0  c u b i c  f e e t  o f  g a s  c o n s u m p t i o n .  

T h e r e f o r e ,  t o  h e a t  1  l b .  o f  w a t e r  f r o m ,  s a y ,  6 0 °  t o  b o i l i n g  

p o i n t  ( 2 1 2 ° )  w o u l d  r e q u i r e  1 5 2 °  ( 2 1 2 -  6 0 = 1 5 2 ) ,  t o  w h i c h  

m u s t  b e  a d d e d  t h e  l a t e n t  h e a t  w h i c h  l i a s  t o  b e  a b s o r b e d  

b y  t h a t  p o u n d  o f  w a t e r  t o  c o n v e r t  i t  i n t o  s t e a m  ; h e n c e ,  

a  t o t a l  o f  1 , 0 1 8  B . T . U .  ( 1 5 2 + 9 6 6 =  1 , 0 1 8 )  o f  h e a t  i s  r e ­

q u i r e d  t o  p r o d u c e  1  l b .  w e i g h t  o f  s t e a m . E v e r y  1 , 0 0 0  

c u b i c  f e e t  o f  g a s  w i l l ,  t h e r e f o r e ,  e v a p o r a t e  f r o m  5 6 0  t o  

5 8 8  l b s .  o f  w a t e r  i n t o  t h e  s a m e  w e i g h t  o f  s t e a m ,  w h i c h  

c a n  t h e n  b e  r e - c o n v e r t e d  i n t o  t h e  s a m e  q u a n t i t y  o f  d i s ­

t i l l e d  w a t e r . A t  3 s . p e r  1 , 0 0 0  c u b i c  f e e t ,  t h e  c o s t  o f  

o b t a i n i n g  5 0 0  l b s . o f  d i s t i l l e d  w a t e r  (i.e., 5 0  g a l l o n s )  

w o u l d  b e  a b o u t  0 ’ 7  o f  I d . ,  w h i c h  i s  r a t h e r  l e s s  t h a n  f d .  

p e r  g a l l o n .

( 2 )  I n  t h e  f o r e g o i n g  c a l c u l a t i o n ,  n o  a l l o w a n c e  w h a t e v e r  

i s  m a d e  f o r  u n a v o i d a b l e  l o s s ,  o r  r a t h e r  w a s t e  o f  h e a t —  

t h a t  i s ,  g a s  c o n s u m e d  t h a t  h a s  n o t  i m p a r t e d  i t s  h e a t  

t o  t h e  w o r k  i t  w a s  p u t  t o . I t  i s  d i f f i c u l t  t o  e s t i m a t e  

w h a t  t h a t  w a s t e  i s ,  b u t  a s s u m i n g  i t  r e a c h e s  t h e  l a r g e  

a m o u n t  o f  4 0  t o  5 0  p e r  c e n t . ,  t h e  c o s t  o f  p r o d u c i n g  

t h e  a b o v e  d i s t i l l e d  w a t e r  w o u l d  s t i l l  n o t  e x c e e d  l | d .  p e r  

g a l l o n .
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OIL STOVES.

5. An oil stove can be fitted to the small distilling 

apparatus above described. A wickless one is preferable, 

convenient forms of which are now made, but none give 

so immediate and constant and continued a supply as can 

be obtained by just turning on and off of a gas tap.

Note.—The quantity of oil required may be ascertained 

by reference to the Chapter on “Fuels.”



CHAPTER XI .

MULTIPLE DISTILLATION.

(A) GENERAL PRINCIPLES.

1. In  the foregoing chapters we have been considering 

sea water distillation in its simplest form—i.e., the evap­

oration or conversion of the water contained in sea water 

into steam, and the condensation or re-conversion of such 

steam into pure water. This is what is called single dis­

tillation. We have also considered the subject in a 

slightly extended form—viz., that of double distillation— 

for the purpose of steam ships, by the introduction of an 

evaporator, but the evaporator has been used more in the 

nature of a boiler—i.e., a boiler worked by steam heat 

instead of the ordinary furnace usual with boilers. The 

gained steam, or steam generated by the evaporator has 

alone been counted for use, and the heat imparted by the 

primary steam by its re-conversion into water has been 

counted against the quantity of sea water evaporated, 

much as one would count the weight of coal consumed 

by a boiler against the weight of water evaporated. Up 

to the present we have not regarded double distillation 

(which is the first step in multiple or compound distilla­

tion) in the light of so much distilled water—i.e., primary 

and secondary water combined—as the emanation of so 

much fuel consumed.

2. It is proposed now to deal with “ compound or 

“ multiple ” distillation, which accommodates itself to
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use on land by having successive distillations—that 

is, a series of distillations linked together by means of 

the introduction of evaporators between the boiler (in 

which the fuel is consumed, and the initial steam is 

produced), and the condenser, in which the final steam is 
condensed.

3. The successive distillations are best named by the 

number of distillations carried out. Thus, a boiler simply 

discharging its steam into a condenser is obviously a 

single-process distillation, and is termed “ single ” dis­

tillation. The introduction of one evaporator between 

the boiler and the condenser involves two distillations 

(1st, the boiler, and 2nd, the evaporator), so as to make 

a double process of distillation, which is consequently 

termed double distillation ; the introduction of two 

evaporators with the boiler so linked as to produce three 

successive distillations is termed “treble” distillation, 

and so on, according to the number of distillations.

Properties of Steam Reconsidered.

4. On considering the various types of distilling appar­

atus, it will be seen that the properties of steam apply 

to multiple distillation in the same way as they do to the 

double distiller of the steam ship, both as regards time, 

rate, and economy of production—i.e., as against fuel 
consumed.

5. It should, however, be mentioned that although the 

distilling machinery supplied by various makers may differ 

somewhat in matters of detail, as to manner of construc­

tion, &c., yet on matters of principle, all are naturally 

governed alike. Thus, the properties of steam, as to its 

pressure, and heat, necessarily govern all systems of
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multiple distillation; yet one maker may carry the system 

of successive distillations farther than another, or the 

feed-water may be differently heated or fed in, or the 

brine differently discharged, and other points of detail 

might be mentioned; but these really only affect the 

arrangement and construction of the apparatus.

Note.—As it is obviously impossible to give in detail 

the construction of every make of distiller and form 

of apparatus, the system or theory of multiple distillation 

will alone be explained, and the reader must apply the 

same to whatever type of apparatus he is interested in.

Suitability and Purpose.

6. The apparatus for multiple distillation is most suit­

able for large plants or installations, where a considerable 

amount of pure water has to be produced daily. Where, 

therefore, the daily (24 hours) production is, say, over 

10 tons of water as a minimum, the apparatus for multiple 

distillation can always be regarded as suitable, on account 

of the great saving of coal. It also follows that the larger 

the daily requirement is, the more extended may be the 

type of multiple distillation adopted.

7. The following may be taken as a rough guide—i.e., 

where the fuel, say coal, is at normal price, or very 

cheap, or abundant—as there is no advantage in incur­

ring a large outlay on an apparatus, highly economical 

in its system of working (for every extension of 

compound distillation necessarily makes the apparatus 

more expensive), when an apparatus less economical 

in its system of working will answer the purpose.
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8. For a production up to, say, 10 tons of water per 

day (24 hours) the double distillation type will probably 

be sufficient (except in cases where the price of fuel is 
very high).

For productions above 10 tons and up to, say, 50 tons 

daily, the treble distillation would be suitable. The 

simplicity of only three successive distillations will, how­

ever, often induce one to carry the installation of treble 

distilling apparatus up to 80 or even 100 tons of water 

daily. For productions over the above requirements, 

quadruple, quintuple, or even higher grades of multiple 

distillation may be suggested. Multiple distillation can­

not, however, be continued with advantage to an un­
limited extent.

9. It will be seen shortly that after carrying multiple 

distillation to a certain point, the increased gain of water 

becomes so small, the boiler so large, and the initial 

pressure so high, that the addition of more evaporators 

cannot be usefully continued.

Gained Water.

10. The term “gained” water is usually applied to the 

distilled water obtained by the evaporation of sea water 

by means of an evaporator (on board ship) to distinguish 

it from the greasy fresh water (condensed boiler steam) 

used by the evaporator—i.e., the primary steam when it 

is re-converted into primary water by the abstraction of 

its latent heat. Such primary water has to be kept 

separate from the gained water, in order to be returned 

to the boiler for re-evaporation.

11. In the double distiller on a steam ship the primary 

steam, being always greasy, is only used as an initial
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heating medium to the evaporator, but on a land ap­

paratus, where boiler water does not acquire a greasy 

taint, the whole of the water, whether produced by the 

boiler or by the evaporators, can be mixed together, and 

counted as the production obtained by the coal or other 

fuel consumed. In land apparatus, therefore, the primary- 

water is included with the gained water.

12. In some types of land distilling machinery the prim­

ary water is still returned to the boiler, and only the water 

distilled from the steam generated by the evaporators is 

counted. By this means the boiler is fed with fresh 

water instead of sea water, but the difference in the 

economy of working (i.e., the amount of drinking water 

produced against the amount of coal consumed, weight 

for weight, is necessarily very much less than when the 

boiler is fed with sea water), and all the distilled water 

(including boiler evaporation) is counted against the 

amount of coal consumed (weight for weight, as before). 

Not only is the economy a good deal less (how much less 

will be shown presently), but the apparatus will have to 

be considerably larger, and consequently more expensive 

for the daily amount of water required, if the boiler dis­

tillation is retained, and not included in the general 

output per day.

13. Therefore, for the present purpose of explaining the 

principles of multiple distillation, it is proposed to assume 

that the boiler, like the evaporators, is fed with the same 

class of sea water, and that the water distilled from the 

boiler and evaporators, and the condensed steam or vapour 

from evaporation are mixed, and the total output 

counted against the coal that has been consumed to 

obtain it.
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(B) SUCCESSIVE DISTILLATIONS.

14. Assume that 1 ton of coal will evaporate 10 tons of 
water with the boiler used in a given time. The 10 tons 
of steam thus produced, if led into a condenser, would 
obviously be re-converted into 10 tons of distilled water, 
so that the 10 tons of distilled water would be produced 
by 1 ton of coal, or, put in the usual form of calculation, 
1 lb. of coal yields 10 lbs. of distilled water (weight for 

weight).

(1) Single Distillation.

15. The above simple form of distillation is commonly- 
called “ single distillation,” and the condenser receiving 
the boiler steam is called the “ distilling condenser.” 
(The condenser of every distilling apparatus is usually 
called a “ distilling condenser,” in order to distinguish 
it from a surface condenser.) The boiler steam may be 
at any pressure that is convenient. Suppose the boiler 
pressure is 25 lbs. per square inch, which (as steam) lias 
a “ sensible ” heat of 266°, and on liquefaction yields 
927 B.T.U. ; say also the water fed into the boiler lias an 
initial temperature of 200°, and that its quantity is 
1| times that of the evaporation of 10 tons. The heat 

required, per pound, is then :—

99 B.T.U. (266 - 200= 66 x 1| = 99).

966 ,, of latent heat.

1,065 B.T.U. per lb. of water evaporated.

As there are 22,400 lbs. in 10 tons of steam, 1,065 X 
22,400=23,856,000 B.T.U., the quantity of heat needed. 
A ton of good Welsh steam coal is equal to the require-
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ment, if yielding 10,650 B.T.U. per lb. (see Chap. v.)3 

which would (under the conditions specified) yield 10 tons 

of steam by single distillation, an economy of 10 to 1 

(weight for weight).

Note.—The quality of the coal—that is, its heat-giving 

power—is, of course, an important factor, because if the 

coal gave only 8,000 B.T.U. per lb., the weight of coal 

required would be as 8,000 : 10,650 :: 1 : 1’33 tons ; or, 

put in another way, the evaporation for the same weight 

of coal consumed would be as 10,650 : 8,000 :: 1 : 0'75 ton. 

The yield, therefore, will vary with the quality of the fuel.

(2) Double Distillation.

16. Now, compare the above fuel cost of working single 

distillation with the more economical type of double dis­

tillation, where one evaporator is interposed between the 

boiler and the condenser, and so connected up that the 

boiler or primary steam, instead of going directly into 

the condenser, where 1,065 B.T.U. were simply absorbed 

by the cooling water, and carried away to waste, now 

goes into the coils of an evaporator, and is thus able to 

generate a new supply of steam or vapour, which is called 

secondary or gained steam or vapour. The result is that 

the boiler steam works at the same pressure, and with the 

same sensible and latent heat, but the latent heat is now 

utilised in creating a new supply of secondary steam, 

amounting to about 80 per cent, of its weight, as already 

pointed out in the chapter on “ Steam ” ; and the pro­

duction of extra or gained water is as follows :—

The 1 ton of coal imparts the same quantity of heat 

(i.e., the same number of B.T.U.) for every lb. of the 

10 tons of water converted into steam, but the 10 tons 

of primary steam (at 25 lbs.\ by being re-converted into 
12



I?8 SEA WATER DISTILLATION.

primary water in the evaporator tubes, imparts its latent 

heat of 927 B.T.U., which is about 87 per cent, of 1,065 

(but which, owing to inevitable losses, may be reduced to 

about 80 per cent, in practice), thus giving—

10,650 B.T.U., as before (for the 1 ton of coal).

8,520 B.T.U.—i.e., 80 per cent, of 10,650.

19,170 B.T.U. (total) obtained by the consumption 

of 1 ton of coal, imparting 10,650 B.T.U.

So that double distillation yields a ratio of 18 to 1 (i.e., 

18 tons of water per 1 ton of coal) instead of 10 to 1 in 

the case of single distillation. Thus—

As 10,650 : 19,170 : : 1 : 1’8, and 18 x 10 = 18 tons 

of water.

(3) Treble Distillation.

17. By interposing a second evaporator, the boiler, 

1st evaporator, and 2nd evaporator are linked together 

into what is called treble distillation.

Boiler Pressure.

18. In this case the initial pressure in the boiler must 

be increased ; assume it to be 75 lbs. per square inch. 

The pressure in the 1st evaporator and 2nd evaporator 

coils will then be intermediate between the primary 

pressure of 75 lbs. per square inch, and the final pressure 

(which call the tertiary preäsure) at or near zero. What 

the working pressure is inside the coils of the 2nd 

evaporator and in the casing of the 1st evaporator will 

be considered presently, but by the extension of principle, 

the gain of distilled water per ton of coal will be as 

follows :—
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Primary water (for 1 ton of coal), 

Secondary water, 80 per cent, of 10 tons 

(free of coal),

Tertiary water, 80 per cent, of 8 tons 

(also free of coal), ....

10 tons.

8 „

64 „

Total water (for the 1 ton of coal), 24’4 tons.

(4) Quadruple Distillation.

19. Obviously by extending the principle—i.e., by 

adding a third evaporator—an additional 80 per cent, 

of 6-4 or 5’12 tons is distilled. This would be quadruple 

distillation. By adding a fourth evaporator the yield is 

80 per cent, of 512 tons or 4-036. This would be Quin­

tuple distillation. A fifth evaporator would yield 80 per 

cent, of 4’036 or 3'276 tons, and be Sextuple distillation.

Economy Comparison.

20. These progressive gains from 1 ton may be sum­

marised as follows :—

Sin g l e Distillation =10 tons.

Add, . 8 „ (^0% 10 tons).

Do u b l e  Distillation = 18

Add, 6-4 ,, (80% of 8 tons).

Tr e b l e  Distillation = 244 >5
Add, . 512 ,, (80% of 6'4 tons).

Qu a d r u pl e  Distillation = 29'52 5 ?
Add, 4-096 „ (80% of 5'12 tons).

Qu in t u pl e  Distillation = 33616 J?
Add, 3-276 „ (80% of 4’096 tons).

Se x t u pl e  Distillation = 36-8928 „ all from 1 ton of coal.
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Boiler Pressure.

21. To obtain, however, the advantage of multiple dis­
tillation, the pressure of the initial steam—that is, the 
boiler steam pressure—must be increased or the final 
pressure be decreased, as each evaporator is added, and 
the intermediate pressures—that is to say, the pressures 
in the steam-room or casing of each evaporator—will 
follow in a gradually diminishing rate from the initial 
pressure to the final pressure. Thus, in Treble distilla­
tion the intermediate pressure, between 75 lbs. of primary 
pressure in boiler, and zero (or thereabouts) in the 2nd 
evaporator casing, would be that corresponding to the 
pressure at the temperature about half-way between the 
initial and final temperatures of the steam. The tempera­
ture of steam at 75 lbs. pressure is 320°, which is 108° above 
212°, so that 54 units (or | of 108) would be about midway. 
Therefore, if 54 be taken off 320°, or 54 be added on to 
212°, the result would be 266°, at which temperature we 
find steam would have a pressure of 25 lbs. per square 
inch; so that in treble distillation the primary pressure 
might be 75 lbs. primary pressure, 25 lbs. secondary, 
and the tertiary pressure zero or | lb. per square inch.

Limitation of System.

22. Theoretically, the principle of multiple distillation 
may be carried on indefinitely ; but, as will be observed, 
the gain soon reaches proportions negligible in practice.

23. At each successive stage—that is, with every evap­
orator added—the pressures must be increased or re­
adjusted. The primary pressure must be increased, or 
the final pressure decreased, to suit the necessity of 
having the same difference in temperature between that
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of the steam inside the coils of each evaporator and the 

water outside such coils. Thus, in the foregoing explan­

ation the difference (at each stage) is 54° of temperature 

—i.e., the difference in the “ sensible ” heat of the generat­

ing steam mside of the coil and of the generated steam 

owfeide of the coil is 54°, the primary pressure of 75 lbs. per 

square inch having a net temperature of 54° (320 - 266 = 54) 

above the secondary pressure, and the secondary pressure 

of 25 lbs. a net temperature of 54° (266 - 212 = 54) above 

that of the tertiary pressure. The evaporators should, 

therefore, be constructed—i.e., provided with a heating 

surface—on the above basis. If, however, this basis is 

altered to suit requirements, the construction must be 

altered accordingly. The heating surface may be de­

creased if the temperature difference is more than 54°, 

but increased if less, according to the rule already ex­

plained—viz., that the amount of evaporator heating 

surface is governed by the amount that the sensible heat 

of the steam inside the coils is above that of the steam or 

water (which is the same), outside of the coils.

24. From the above observations it will be seen that a 

practical limit is soon found whether the pressures be 

increased or decreased, as the maximum primary pressure 

and the minimum final pressure available are soon reached. 

The practical result of these considerations is to avoid 

carrying the principle beyond the limits dictated by practi­

cal economy, as the cost of the plant increases with every 

evaporator added, while the advantage gained with each 

lessens. The quadruple distilling apparatus, which is 

capable of producing about 30 tons of water to the ton 

of coal, working steadily and easily, will be found to be 

a good limit. Beyond this point, the actual return for 

the outlay is a doubtful advantage.
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Economy and Time Productions.

25. It cannot be too often repeated that the economical 

working of an apparatus is a totally different thing from 

its productive power in point of time. The yield of a 

fixed quantity in a fixed time may be the same for any 

type of distiller, but the economy varies with each evap­

orator added, and is dependent, therefore, wholly on the 

type of apparatus at work. Generally, the same appar­

atus will show the same economy whether its time 

production is large or small. The larger the apparatus 

(or, to put it strictly, the larger the boiler) the more 

economically will the whole apparatus work.

Summary of Types.

26. The following points may be summarised in com­

paring the various types of distilling apparatus as the 

multiple effect is gradually increased :—

First.—That as every evaporator is added, in order to 

get more distilled water for the same weight of primary 

steam—that is, indirectly, the same coal consumption— 

the primary pressure must be gradually increased, or the 
final pressure must be reduced.

Secondly.—That the lower the pressure is (from first to 

last) the more must be the evaporator heating surface. 

Thus if, in treble distillation, the initial pressure is 

75 lbs. and the final zero, the heating surface must be 

greater if such initial pressure is, say, only 50 lbs. per 

square inch.

Thirdly.—That at each successive distillation, although 

the total production is more, each distillation produces
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less. Thus, although in double distillation the total pro­

duction is more than in single distillation, yet the second­

ary water is less than the primary water, and in treble 

distillation, although the total production is more than 

in double distillation, yet the tertiary water is less in 

quantity than the secondary water, and so on.

Fourthly.—That although at each successive distillation 

the production is less in degree (though more in total), 

the evaporators all have the same amount of heating 

surface. Thus, in quadruple distillation, although the 

3rd evaporator affords only a gain of 5'2 tons, as against 

8 tons by the 1st evaporator, both evaporators have the 

same evaporative surface.

Fifthly.—That the combined or joint production (in 

point of time) of all the evaporators in multiple distil­

lation is about the same as the production would be if 

only one of the evaporators were used and worked with 

the same pressures (initial and final) as the multiple 

distilling apparatus. Uniform evaporators are understood.

Note.—To make this point clear—say that in treble 

distillation the primary water is 10 tons in a fixed time, 

and that the gained water (secondary and tertiary) in 

the same time is 14’4, making a total mixed production 

of 24'4 tons in the given time, and that the initial pressure 

(boiler steam) is 75 lbs. per square inch, and the final 

pressure in the 2nd evaporator casing is { lb. If, instead 

of the evaporators being coupled together, the boiler steam 

at 75 lbs. pressure went into the 1st evaporator, and the 

pressure in that evaporator casing is reduced to lb., 

while the 2nd evaporator is cut out altogether, then the 

existing surface of the 1st evaporator, with 75 lbs. steam 

pressure inside the coil, would be capable of producing
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the 24'4 tons (in the same time) ; but the proportion 

of primary and secondary water would then be—

13’6 primary water (from T36 tons of coal). 

10'8 secondary water (80 per cent.).

24'4 total, in a given time.

Instead of, as in treble distillation—

10'0 primary water ('from 1 ton of coal). 

8'0 secondary water (80 per cent.).

6'4 tertiary water (80 per cent, of 8).

24'4 total, in same time.

Note.—This is perhaps as good a way of demonstrating 

the difference between production in point of time, and 

production in point of economy, as can be given. Thus, 

in point of time, the total production (whether by double 

or treble distillation) is 24-4 tons, and this may be the 

work of, say, ten hours, so that in 100 hours the total 

production would obviously be 244 tons of water; but in 

point of economy, the production of every 24'4 tons of 

water would, in double distillation, be obtained by the 

consumption of 1’36 tons of coal, whilst in treble dis­

tillation every 24'4 tons of water would be obtained by 

the consumption of only 1 ton of coal, no matter whether 

the time during the apparatus is at work is 10 hours or 

100 hours, or 1,000 hours. The rate of water production 

per ton of coal would be the same irrespective of time, 

and in, say, a 1,000 hours' working, whatever weight 

of water is actually recorded, the weight of coal consumed 

would (in double distillation) be in the ratio of 24'4 to 

1’36, which equals 18 of water to 1 of coal, whilst in treble
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distillation the coal consumed would be in ratio of 24'4 of 

water to 1 of coal. Therefore, if in 1,000 hours’ working 

the actual production of water was 500,000 gallons of 

water= 2,237 tons (500,0004-224=2,237), then the coal 

consumed in producing the 2,237 tons of water would be 

as follows :—

1.237 -r 18 = 124 tons (about) of coal (in double 

distillation).

1.238 4- 24'4 = 92 tons (nearly) of coal (in treble 

distillation) ;

So that a saving of about 32 tons of coal (124- 92=32), 

about 25 per cent., would be obtained in producing 2,237 

tons of water if treble distillation apparatus is used instead 

of double distillation apparatus.

27. By this method of calculation the actual saving by 

the use of any type of apparatus can be ascertained, and it 

will then be possible to judge how far the extension of 

multiple distillation can be carried advantageously for 

practical purposes.

Diminishing Economy.

28. The economy (or amount of fuel saved by the 

process of multiplying evaporators) is greatest in double 

distillation stage, in the first evaporator—i.e., the first 

evaporator is the most effective—while the effectiveness 

of any evaporator beyond the fourth is scarcely re­

munerative, when the increased cost of the apparatus is 

taken into account.

Note.— Sometimes the boiler, instead of being fed with 

the same impure water that is in process of distillation, 

is fed with distilled water—i.e., the primary water—or
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part of the total output is used as feed for the boiler. 

This arrangement will keep the boiler free from scale, 

but the loss will be very great, as it uses the water 

available for purposes other than feeding the boiler. 

The reduction will, in fact, be the loss of the 10 tons of 

water from the ton of coal consumed, thus—

In double distillation there will be only 8 instead of 18 tons.
treble

?? 55 144 24'4 „
quadruple ? ) J 5 19-52 29-52,,
quintuple

J 9 5 5 26’6 36'6 „
sextuple

5? 5? 27*9
5 5 37*9 ,,

This reduction is absolutely unnecessary if a suitable 

boiler, worked with sea water, forms part of the apparatus.

Right Boiler Pressure—Economy of.

29. From what lias been said on the subject of boiler 

pressure, it will be observed that the most economical 

boiler pressure is one that is sufficient, but not excessive, 

for the lower the working pressure is the greater is the 

economy. Such a pressure is preferable to a higher one 

requiring the partial closing of the boiler steam valve.

Pump Steam.

30. It must not be forgotten that the above economy 

is calculated exclusive of the steam required to drive the 

pump. The pump is a necessary part of the apparatus, 

and is generally used for nothing else. This pump has to 

do a good deal of work—e.g., it has (1) to pump circulation 

water through the condenser, for the purpose of con­

densing the steam and cooling the water down to a suit-
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able drinking water temperature ; (2) to feed the boiler and 

each evaporator; and, often, (3) to force the drinking water 

produced to a height above or to a distance from the 

apparatus. This requires considerable steam power, and 

the steam utilised for these purposes should obviously be 

included in the working cost of the apparatus. If state­

ments of high economy are made without counting the 

coal used in providing steam to drive the pump (or, 

indeed, to provide any source of heat used by the appar­

atus), such statements are entirely delusive.

31. The method of dealing with the pump steam and 

exhaust will be noticed in the section on the pump, but 

meanwhile it may be stated that the requisite steam for 

driving the pump of a multiple distilling apparatus will 

amount to about 15 per cent, of the boiler steam used, so 

that if we take 10 tons of steam as the boiler evaporation 

by 1 ton of coal, then 25 per cent, of this 10 tons will leave 

71 tons available for all evaporation purposes, and if 

worked out on the same lines already stated will make a 

considerable reduction at each stage or type of distillation.

Note.—It will be seen, however, that although the 

steam used to drive the pump is a large item in itself, 

yet if the exhaust steam is properly utilised in the 

working of the apparatus, this expenditure of steam on 

the pump may be very considerably retrieved. This will 

be shown later on.

Specified Economy.

32. It should be clearly understood that the true 

economy of working an apparatus is the ratio that exists 

between the weight of water yielded by the apparatus and 

the weight of coal consumed by it. Therefore, only such
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distilled water as is delivered for use outside the apparatus 

can be reckoned in the output. On the other hand, any 

extraneous heat used for obtaining steam for the pump 

annexed to the apparatus, or for heating the feed-water 

supplied to the apparatus, should be added to the coal 

account. These points are mentioned, as it is very easy to 
be misled.

Note. In all cases where the economy of a distilling 

apparatus is specified as so many lbs. of water distilled by 

1 lb. of coal, the specification should make it clear (1) that 

in the working of the apparatus heat from no other source 

is used, and (2) that the water counted is all available for 

use outside the apparatus. This is perhaps more im­

portant than is at first sight apparent. Thus, to say 

20 tons of water produced per ton of coal consumed 

may be strictly correct, yet if production is taken in the 

narrow sense of water distilled, the steam used by the 

pump may be ignored as not coming within the above 

wording, whilst the primary water, if returned to boiler 

and not available for use outside the apparatus, might 

still be held to come within the description of water pro­

duced by distillation. Again, as will be seen presently, 

by starting a short trial with a high boiler pressure, and 

finishing off with a very much lower one, an extraordinary 

economy can be shown. In all these cases the true 

economy effected can only be ascertained after a long 

run with the apparatus, when the actual weight of coal 

used can be measured to a pound, and the actual quantity 

of distilled water actually delivered from the apparatus 

(foi extraneous use) counted to a gallon; then it will be 

seen to what extent the specified economy is real.
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Dirty Surfaces—Economy Reduced.

33. The economy of an apparatus is very much affected 

by the condition in which the surfaces are in—i.e., as to 

the scale deposited on them—especially on the boiler 

heating surfaces, because, as such scale forms on the 

boiler heating surface, the heat from the fire is prevented 

from passing to the water, and instead, goes up the boiler 

chimney unused.

34. Scale accumulating on the evaporator surfaces, 

although it reduces the evaporative power (i.e., in point 

of time), does not affect the economy to anything like 

the extent that scale formed on the heating surfaces of 

the boiler does. The reason is that when scale forms on 

the evaporator surfaces, the evaporative power is reduced, 

and consequently less gained water produced, but then 

less primary steam is used in proportion, so that the 

economy is not very much affected, as the proportion of 

water yield to coal consumption is about the same.

35. To compensate for the boiler surfaces getting dirty, 

a greater pressure has to be got up. If, therefore, the 

boiler is started at its utmost capacity and pressure, the 

pressure cannot be increased as the surfaces get dirty, 

and the result is that the initial large production can only 

be kept up for a short time. It is sometimes said that 

it is better to lose heat by making short runs of work 

and then to clean the surfaces, than to continue working 

with dirty surfaces. This view may be advanced and 

supported by argument, but in practice it is found that 

the cost of working is less by running the apparatus as 

long as possible without stopping it for cleaning 

purposes.
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Margin of Power Advisable.

36. The most satisfactory way to provide for the in­
evitable loss of power, owing to the gradual deposit on 
the heating surfaces, seems to be to treat the production 
of the apparatus against time as being only about | of 
its maximum capacity, and the economy stated to be 
about 4 of what the maximum capacity of the apparatus 
is. Or, put shortly, the apparatus should be capable of 
a margin of about 40 to 50 per cent, extra on trial with 
clean surfaces for a short trial, say of a few hours’ dura­
tion, and the economy about 15 to 20 per cent, more at 
such trial than is specified as the ordinary output of the 
apparatus. By this means the apparatus may be worked 
for some considerable time easily and steadily—that is, 
by beginning with a low boiler pressure, and gradually 
working up as the heating surfaces get dirty, so that at 
the end of the run, say three or four weeks (night and 
day), the apparatus will be found to have made an 
average output of the specified quantity per day, and 
an average also of the specified economy.

Note.—At the end of a run of this duration, one can 
tell to a pound the weight of coal that has been consumed 
by working the apparatus, and to a gallon the quantity 
of water produced thereby, whilst in short runs and 
repeated stoppages the ascertainment of the coal con­
sumed must be largely guess work.

37. Evaporator makers are always endeavouring to 
lessen the loss of power due to the formation of deposits 
on the heating surfaces by making them easier to clean, 
by adding substances to the sea water, and by other 
devices. Much has been said for and against all of them,
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but the actual results obtained after continued working 

of the apparatus are the only reliable test of its value.

(C) DETAILED DESCRIPTION OF LAND APPARATUS.

(a) THE BOILER—Generally.

38. The boiler, being of predominant importance, will 
be dealt with first.

39. The boiler intended to work with a sea-water feed 

is the only kind that calls for notice in this treatise.

40. The first thing to be considered is the type of boiler 

best suited for sea water distillation. As on steam ships 

distilling apparatus is worked by the greasy steam on 

board, which, after use, is returned as so much greasy 

water, the boiler (as part of the distilling apparatus) is 

of much the same type as that used on land.

1. Type of Boiler.

41. Water-tube boilers, in which the water is evapor­

ated inside the tubes, are obviously not suited for sea 

water distilling machinery ; such a boiler can only be 

worked if fed with the returned primary water, but this 

involves the loss of economy already pointed out.

42. The boiler best suited for this purpose is the tank 

boiler of Cornish or Lancashire type, the former up to a 

certain size, say 5 to 6 feet in diameter, and the latter of 

a diameter exceeding 6 feet. A large Lancashire boiler is, 

of course, more economical in its working than a small 

one, and the same may be said of the Cornish type, which 

is also always rather less economical of fuel than the 

Lancashire boiler of the same power with its double flues.

43. For large installations, boilers of Lancashire or 

Cornish type are best, but if absolutely necessary, a boiler
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of vertical type can be used. Its economy is, however, 

considerably less than that of the Cornish type of boiler. 

The vertical boiler will consume about 20 to 25 per cent, 

more coal for an equal evaporative power. The Cornish 

or Lancashire type of boiler requires to be set in brick­

work, the vertical does not.

44. Whatever type is used, it is well to avoid cross 

tubes, and, in fact, all internal work, as far as possible, 

that will get incrusted with scale. All interior appliances 

should be arranged so as to avoid difficulties in cleaning 

off the scale. The flue or flues of the boiler should not 

be fitted too close to the bottom, as the passage between 

the bottom of the shell and the tube is readily filled with 

deposit.

2. The Size of the Boiler.

45. The proper size of the boiler to suit multiple dis­

tillation for a specified production and specified type of 

apparatus—i.e., whether single, double, treble, or quad­

ruple distillation—is a matter to be looked at from 

different standpoints. Some makers advocate larger 

boilers than others do for the same work. To have the 

same size boiler for salt feed as for fresh feed would ob­

viously be erroneous, because no allowance would be 

made for the extra feed required for a sea-water feed, 

nor for the gradual loss of power caused by the heating 

surfaces getting furred over.

46. In estimating the size and power of a boiler for a set 

of distilling apparatus, the quantity of primary water 

contributed, and the steam pressure needed, must first 

be determined, having regard to the succeeding pressures 

in the evaporators ; and due allowance must be made 

for the quantity and temperature of the boiler feed.



MULTIPLE DISTILLATION. 193

Never be niggardly in the size of the boiler. It is far 

better for the boiler to be too large than too small. A 

liberal margin will always be gratefully remembered by 

the attendant in charge of the apparatus.

47. Therefore, in settling upon the size of the boiler, 

one must be guided by precedent as to former plants 

supplied. The following instance will show how the size 

of a boiler is arrived at for a treble distilling apparatus 

producing, say, 40 tons of water per day (24 hours), which 

is (approximately) 400 gallons per hour.

In treble distillation it has been shown that the ratio 

of water produced is as follows :—

10 of primary water = 41 per cent.

8 of secondary water = 32’8 ,,

6’4 of tertiary water = 26 2 ,,

24*4 total . . . - 100-0

So that the primary water (i.e., the evaporation from the 

boiler) will be theoretically 41 per cent, of 400 gallons 

per hour, which equals 164 gallons ; this divided by 

6’24 = 26 (nearly) cubic feet or H.P. It is, however, 

better to avoid H.P. estimates, and to base the calcula­

tion on the number of pounds of water to be evaporated 

per hour. In the present case this would be 1,640 

lbs., and the working pressure be, say, 80 to 100 lbs., 

but in settling the boiler for other types the working 

pressure would be somewhat different.

48. As a salt-water feed is under consideration, allow­

ance must be made for (1) extra feed, to allow a proper 

blow off of brine ; and (2) loss of power due to scaling 

of heating surfaces.

13



194 SEA WATER DISTILLATION.

49. Assume, first, that a boiler is required for producing 

the above total evaporation of say 4,000 lbs. weight of 

steam per hour.
(1) If the plant consists of a single distilling condenser 

and boiler only, the steam pressure of the boiler need not 

be very high. The total heat is nearly the same as any 

pressure, but being rather less at low pressure, it is ob­

viously inexpedient to work at a higher steam pressure 

than is sufficient to let the steam pass through pipes of 

ordinary size. For single distillation, a maximum boiler 

pressure of 50 lbs. will be sufficient, say 25 to 50 lbs. 

pressure. The size of the boiler will have to be equal to 

an evaporation of 4,000 lbs. of water per hour, and Table 

N, on p. 197, will be a guide.
(2) For double distillation also, the pressure need not 

be very high. Thus, say the primary steam to the 

evaporator has about 30 to 60 lbs. per square inch pres­

sure. That would in ordinary cases be sufficient. The 

size of the boiler should be such as will yield of the 

total production. So that if 4,000 lbs. of distilled water 

is the required quantity per hour, the boiler must evap­

orate of 4,000 lbs. = 2,222 lbs. per hour.

(3) For treble distillation the boiler working pressure 

should be somewhat higher, say 50 to 80 lbs. The size 

of the boiler may be ascertained by the following Table 

N (p. 197), and the amount of sea water to be evaporated 

by the boiler will be of the total output. In the present 

case, therefore, of 4,000 lbs. will equal 1,666 lbs. of sea 

water to be evaporated by the boiler, and a suitable size 

of boiler may be selected from Table N.

(4) For quadruple distillation the primary or boiler 

pressure may be 80 to 100 lbs. per square inch. The 

size of boiler may be settled in the same way as before,
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but taking its evaporative power at of the total out­

put, then 4^ of 4,000 — 1,333 lbs. to be evaporated per 
hour.

(5) For quintuple and sextuple distillation the primary 

or boiler pressure should be 150 lbs. per square inch or 

more. The size of the boiler would be ascertainable in 

the same way as before—i.e., by taking the proportion 

of boiler evaporation to the total output.

Economy Involved.

Note.—The economy one is able to obtain from a dis­

tilling plant depends very much on the size and type of 

boiler selected. It should be borne in mind that a small 

boiler is less economical of fuel than a large boiler, and 

that a vertical boiler is less economical of fuel than a 

boiler of Cornish or Lancashire type. For a consumption 

of 1 lb. of coal a large Lancashire will evaporate 10 lbs. 

of water, whereas a small Cornish or a large vertical 

boiler will evaporate only about 7 to 8 lbs., and a 

small vertical boiler only 4 to 5 lbs. of water; in other 

words, large boilers are about 20 to 25 per cent, more 

economical than small boilers, and Cornish and Lancashire 

boilers about 20 to 25 per cent, more economical of fuel 

than boilers of vertical type.

50. In all these types it is well to remember that it is 

always best to work at the lowest boiler pressure possible, 

with the steam valve full open, and not at an excessive 

pressure with the valve partly open.

51. The above working pressures are perhaps not ap­

plicable to every type or system of multiple distillation ; 

but with the system explained more in detail in these 

pages, the working for types of apparatus ranging from
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single distillation to sextuple distillation, the pressures 

given will be found to work very well.

3. Heating Surface of Boiler.

52. A good boiler maker will allow the correct amount 

of heating surface for the boiler power required, so that 

in this respect, and in the arrangement of the flues, a 

boiler maker's experience will perhaps be amply sufficient 

to provide for the most economical construction of boiler 

for the purpose of distillation. If a special kind of fuel 

other than coal is to be used, such as wood or petroleum, 

that information will have to be communicated to the 

boiler maker.

4. Grate Area.

53. The question of grate area is proportionate to the 

heating surface allowed. Therefore, this matter, as well 

as the heating surface, is best left to the boiler maker, 

after notifying to him the evaporative power, and class of 

fuel to be used.

54. The question of fuel used for generating steam has 

been dealt with in Chapter v. The grate will vary a 

good deal in shape and area, according to the description 

of fuel used. Wood fuel will require a considerably larger 

grate area than coal, and petroleum would require a 

furnace specially adapted for its use.

Evaporative Power of Boiler.

55. It will be found most convenient, and indeed less 

likely to lead to a misunderstanding, if the evaporative 

power required is stated in lbs. of water to be evaporated 

per hour, and the quantity and temperature of the feed
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stated. The expression “ horse-power ” is sometimes 

misunderstood.

56. The following Table N, giving a list of boilers 

(Cornish and Lancashire type) suitable for sea water 

evaporation, which has been found to answer well after 

many years" use. The coal consumption is given 

without multiple effect.

TABLE N .

Evaporation 
from

Sea Water, 
in Practice 

(lbs. per Hour).

Size of Boiler. 
Diam. x Length.

Ft. In. X Ft.

Heating 
Surface 

in
Sq. Ft.

Grate 
Surface 
for Coal 

in 
Sq. Ft.

Coal 
Consumed 

per 
Hour, 
Lbs.

Approx. 
Weight 

Boilers of 
100 Lbs.

W.P.
Tons Avdp.

480 3’8 x 12 148 6’5 60 25
630 4-6 x 12 186 7-2 80 31
720 4-6 x 15 216 8'5 85 3-7
850 4-9 x 15 246 10 90 41

1,000 4'9 x 18 292 11 105 5

1,100 5'0 x 20 323 12 110 5'5
1,300 5'6 x 21 373 135 134 6-9
1,500 5'6 x 24 420 15 150 7'9
1,700 5-9 x 26 476 17 170 9-4
1,900 6 x 22 481 19 190 9-5
2,200 6’3 x 24 558 22 220 10-25 j
2,580 6'6 x 26 656 25 255 12'0 1

2,820 6’9 x 28 725 28 280 12'85
3,100 7 x 30 800 31 310 15-25

3,300 7-6 x 30 853 33 330 19-25

3,600 8 x 30 924 36 360 21-0

4,000 8-6 x 30 962 40 400 23'0

4,500 8'6 x 35 1,116 45 450 25-0

5. Boiler Fittings.

57. The usual fittings and mountings included are as 

follows :—

(1) A pair of safety valves (usually weight and lever 

type) fitted to the top of the steam dome.

(2) A steam valve in combination with the safety 

valves (1).
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(3) A water gauge for indicating the water level.

(4) Test cocks (if required) for same purpose.

(5) A steam gauge.

(6) A feed check valve.

(7) A blow-off cock.

(8) An air cock at the highest point of boiler.

58. These fittings are always included with the boiler, 

and are usually detailed in the boiler specification. The 

heating surface and grate surface are also specified. Such 

parts as furnace doors, soot doors, dampers, &c., also 

a spare set of fire bars, should be included, and supplied 

with the boiler.

Note.—Boiler makers of repute will supply detailed 

drawings of the boiler they offer. It is an excellent plan, 

when ordering a boiler, to specify that its construction 

shall be under the supervision of a Boiler Insurance Office. 

Thus, the Ocean Accident Corporation (for quite a small 

fee) undertake to supervise the construction of a boiler, 

and see that the construction answers all rules and regu­

lations. A certificate given by an insurance office of 

repute will always be taken as sufficient to show such 

regulations have been complied with. The details of 

boiler construction required by the Board of Trade, 

Bureau Veritas, Lloyds, and Admiralty will be found in 

Seaton and Rounthwaite’s Pocket-book.

6. The Chimney.

59. The chimney is usually considered an extra, but it 

should be supplied, and, if the chimney is an iron struc­

ture, guy chains also. In the matter of size and height 

of chimney, this is usually left to the boiler maker to
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estimate, according to type of boiler and the nature of 

fuel used.

7. Boiler Setting.

60. The brickwork material for setting the boiler is 

usually supplied, according to the quantities made out 

by the boiler maker, who will also supply complete 

drawings and estimates for setting the boiler. Such 

matters as wall plates, and iron work generally connected 

with the setting of the boiler are not, as a rule, included 

with the boiler. These are extras, but all that is required 

to make the boiler and setting complete should be supplied 

or offered.

8. Weight—Shipping Particulars.

61) When tendering for the apparatus, including a 

boiler, approximate, shipping particulars are generally 

asked for and given for the boiler separately. The 

shipping particulars include, first, the lifting weight of 

the boiler, and, secondly, the measured weight of the 

boiler, on the basis of 40 cubic feet to the ton. The ship­

owner charging on the highest figure. The boiler makers 

are always ready to give this information if applied to.

Rules for Working the Boiler.

62) The following few rules may be found useful as a 

guide for working the boiler supplying steam to a sea­

water distilling apparatus.

63) The boiler should be used for supplying steam to 

the distilling apparatus only, otherwise the feed-water 

will not be regulated properly.

64) All exposed parts of the boiler and steam and feed 

pipes should be lagged, so as to avoid waste of heat.
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Fire doors should be kept shut, and the steam pressure 

regulated by careful use of the dampers. Steam should 

not blow off to waste at the safety valve.

(3) The boiler should not be worked at an unnecessarily 

high pressure. The pressure of steam should not be more 

than sufficient to supply the evaporator with steam when 

the steam valve is full open—that is, the pressure of the 

steam in the boiler should not be very much above that 

inside the first evaporator coils. A little extra pressure 

may be needed to drive the pump.

(4) In prolonged runs of a distilling apparatus, it will 

be found that the pressure of the boiler will be low at 

first, and that it will require to be gradually increased 

as the scale deposits on the heating surfaces.

(5) The level of water should be kept as steady as pos­

sible. Blowing off too much brine and filling up with 

feed to make up is wasteful. The feed regulator should 

be designed to give a feed in proportionate excess of the 

evaporation, so that there will be a constant discharge 

of brine if the blow-off cock is carefully regulated.

(6) Once a day the safety valves should be just lifted 

by hand to see they are acting properly.

(6) THE EVAPORATOR—1. Heating Surface.

63. What has been already said as to evaporators 

(Chap, vi.)—viz., as to their heating surface, brine, and 

other details regarding double distillation—applies to 
multiple evaporation just as minutely.

64. The heating surface has to be calculated, as was 

shown, for a pressure mside the coils counteracted by a 

lower pressure (more or less great) owfeide the coils—i.e., 

the difference in temperature is taken between the sens-
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ible (or gaseous) heat of the steam (at its particular 

pressure) inside the coils, and that of the sea water out­

side the coils, which is continuously absorbing a sufficiency 

of latent heat to convert it into steam; whilst the steam 

inside the coils is being continuously converted into water, 

and more steam of same pressure (and, therefore, tem­

perature) is being supplied inside the coils to meet the 

requirement outside the coils.

Uniformity of Surface.

65. The evaporator surfaces should be the same in all 

the evaporators, to allow for the proportionate falling off 

of power as the pressure is gradually lowered at each 

successive distillation. This is required by the rule that 

as the steam pressure (and, therefore, heat) inside the 

coil is lowered, or counteracted by a pressure (and, there­

fore, heat) outside the coil, so must the coil surface be 

proportionately increased, to do the same amount of 

work (see pp. 46, 47).

Extent of Surface.

66. The exact amount of surface depends, as we have ' 

seen, upon the quantity of water to be evaporated in a 

given time, and the temperature and quantity of feed­

water that is presented to be heated up to boiling point, 

also the pressure of steam inside of the coil.

2. Safety Valve.

67. As all the evaporators (except the final one, which 

discharges its steam into the distilling condenser, or 

rather, as will be seen, into the heaters) have to work at 

a pressure, more or less high, they should each have a
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suitable safety valve on the cover, loaded to the maximum 

pressure attainable in the casing.

3. Pressure Gauge.

68. It is also convenient to have a steam gauge on the 

first evaporator, showing the pressure inside the coils, and 

a suitable pressure gauge on the final evaporator steam­

room, for indicating the pressure of the final steam before 

it is discharged. If the final evaporator is working at a 

pressure below the atmosphere, a vacuum gauge should 
be fitted.

4. Starting Valve.

69. A starting valve should be fitted for the primary 

steam, as it enters the first evaporator coils, but as the 

gained steam, afterwards generated, works directly from 

evaporator to evaporator, there is no need for any steam 

valve for the entry of the steam to each of the other 

evaporators. The steam (i.e., the gained steam) gener­

ated outside the coils of each evaporator may be connected 

direct to the steam inlet to coils of the following evapor­

ator, as the gained steam of the first evaporator becomes 

the primary steam of the second evaporator, and the 

gained steam of the second evaporator becomes the prim­

ary steam of the third evaporator, and so on, till the final 

evaporator is reached, which works at atmospheric pres­

sure, or to as much below it as it is thought expedient to 

carry the successive distillations.

5. Water Gauge. 6. Blow-off.

70. Each evaporator should also be fitted with a water 

gauge, to indicate the brine level in the evaporator. The 

brine of each pressure evaporator may be blown from the
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evaporator casing into one common pipe, and led into 

the discharged circulation water. The brine discharge 

from each evaporator should be controlled by a suitable 

valve or cock with an index to work to, and as the pres­

sure can be made very steady, the brine cocks or valves 

are very soon set, and will require very little attention 

afterwards. A large brine valve is also fitted for emptying 

out the brine quickly when desired.

7. Coil Drain.

71. The waters discharged from the coil drain of each 

evaporator are collected in one common pipe leading to 

the heater, and are utilised in heating the feed-water, as 

will be explained later on when dealing with the heaters 

(p. 206). No cock or valve is needed for the coil drain 

in multiple distillation.

8. Evaporator Casings.

72. As the evaporators in multiple distillation have to 

work at a pressure more or less great, the casings should 

be made strong enough to stand a test pressure of at least 

double the working pressure. Gun-metal casings are the 

best for wear, and for standing the pressure required. 

The final evaporator, working at atmospheric pressure or 

thereabouts, may be made of cast iron, but it should be 

proved to about 20 to 30 lbs. pressure.

(c) THE DISTILLING CONDENSER.

73. What has been already said about the distiller in 

Chap. vii. regarding an ordinary double distiller condenser 

on a steam ship applies to the distiller of a multiple dis­

tilling apparatus, subject to the following important 

observations.
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Surfaces—Condensing and Cooling.

(1) Co o l in g  Su r f a c e .

74. For producing cold drinking water, it will be re­

membered, there were two sets or sheaves of surfaces, 

one above the other (see Fig. 18, p. 138), and that in 

double distilling apparatus the lower tube surface— that 

is, the set of tubes used for cooling the distilled water—  

varied according to the quantity of water to be cooled. 

Thus, if the secondary water only, just produced in the 

upper set of tubes, has to be cooled, the cooling surface 

has to be calculated for the quantity of such secondary  

water only, but if the primary water from evaporator 

coil drain is mixed with the secondary water, the sur­

facing of the cooling tubes must be sufficient to deal with 

both waters.

Such cooling surface will obviously have to be increased 

in the same proportion as the economy of the primary 

water is to that of the secondary water. So that, if 

x square feet of cooling surface is sufficient for the 

secondary water only, this x surface will have to be 

x + (x x 1'2) = 2’2x, total, if the economy is 1’2. If the 

economy is I-25, then the surface of the cooling tubes 

will have to be x + (x x T25) — 2-25æ , total.

75. This rule has to be given effect to in all types of 

multiple distillation, as the cooling surface must be equal 

to deal with the total production of all the water. The 

cooling surface is, therefore, increased at each successive 

distillation.

(2) Co n d e n s in g  Su r f a c e .

76. The above rule, however, applies to the distiller 

cooling surface only, for it is observable that only the 

water increases at each successive distillation— i.e., with
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regard to cooling requirements. The steam at each 

distillation is condensed inside the evaporator coils, so 

that the only condensing duty that has to be done by 

the distiller is to deal with the steam that is generated 

by the final evaporator, and this, as we have seen, gets 

less and less as each evaporator is added.

77. We, therefore, have a rule, as follows, viz. :—That 

at each successive distillation the distiller condensing 

surface decreases, whilst the distiller cooling surface in­

creases, and that they respectively decrease and increase 

in the same proportion.

78. The distilling condenser surfaces for condensing and 

cooling would, therefore, respectively cZecrease and in­

crease, as in Table O below—i.e., assuming an increase 

of 80 per cent, of gained water at each successive 

distillation.

TABLE 0.

Type of Distillation.

Distilling Condenser.

Cooling 
Surface.

Condensing 
Surface.

Single Distillation, .....
Double „ .................................
Treble „ ................................
Quadruple „ ................................
Quintuple „ ................................
Sextuple „ ................................

x sq. ft. 
1-8 x 

2’44 x 

2’95 x 

3’36 x 

3-69 x

y sq. ft. 
0’8 y 

0'64 y 

0'512 y 

0'409 y 

0-327 y

79. The above surfaces are given for theoretical re­

quirements, but it is always wise not to cut down surfaces 

too close. Experience from what takes place with dif­

ferent types and makes of machinery can alone be a guide 

as to the margin that is advisable to allow. The con­

densing surface will be assisted by the action of the
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heaters, which it will be convenient to deal with next, 

before dealing with the filter, the feed regulator, and the 

pump.

(d) FEED HEATERS.

80. In multiple distillation apparatus on land (where 

there is plenty of space available, including head-room 

over the apparatus), it is convenient to place the feed­

water heaters over the centre line of the apparatus. 

There are, of course, various ways of placing the heaters. 

A convenient method of fitting them is as follows :—

The first heater (nearest to the boiler) is the boiler 

feed heater. In close succession usually follow—the 

second heater, which heats the feed-water for the first 

evaporator, the third heater, which heats the feed to the 

second evaporator, and so on, for as many evaporators 

as are linked together. The arrangement of feed-water 

heaters for a treble distilling apparatus is shown in Fig. 22.

81. These heaters are connected together at top and at 

bottom by common pipes. The top pipe (A) is for steam 

and the bottom pipe (B) for the water resulting from the 

condensation of the steam. The feed-water is pumped 

into each heater casing at the lower part, at (F), (F), (F), 

in each of the three heaters. After circulating between 

the tubes within each heater, the feed-water passes out 

from the first heater to the boiler, from the second heater 

to the first evaporator, and from the third heater to the 

second evaporator.
82. The temperature of these three feed-waters is raised 

by the heat derived from three sources, (1) the exhaust 

steam from the pump, which can impart its latent heat; 

(2) the vapour or steam from the final evaporator, in 

which the latent heat of the steam is also used ; and (3)
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the hot water collected from the coil drains, where the 

latent heat of the steam has already been abstracted by 

the evaporator tubes, but which has still left the sensible 

heat that the steam had. These are led into the top pipe 

(A) over the heaters. The first two, (1) and (2), being 

steam, give out their latent heat to the feed-water as such

Fig. 22.

steam passes down into the tubes of the heater, and the 

waters of (3), together with any steam that may have 

escaped through the coil drain, and all three, (1), (2), 

and (3), after thus imparting their heat to the feed­

water surrounding the tubes, are collected in the 

lower pipe (B), and then gravitate into the distiller 

tubes.
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83. It will be observed that in this arrangement the 

exhaust steam from the pump is made to go into the boiler 

feed heater. This is done with a view to use the higher 

pressure and, consequently, hotter steam available foi 

feeding water into the boiler at the highest temperature 

possible. Steam from (2) being at a lower pressure, and 

consequently lower temperature, does well enough to heat 

the feed to the evaporators. The upper pipe (A) is best 

partitioned off, so that the pressure of the exhaust steam 

can be kept up, whilst it is inside the tubes of the first 

heater. When the two steams, (1) and (2), have imparted 

their latent heat, and are converted into water, then all 

the waters (or condensed steams) go into the bottom pipe 

(B), and run into the condenser tubes, together with any 

steam that lias not been condensed inside the heater 

tubes.
84. It will be seen that by utilising the exhaust steam 

from the pump, the heat of the steam used to drive the 

pump is to a great extent retrieved. The steam to the 

pump is high-pressure boiler steam—that is, the hottest 

steam of the whole apparatus—and to waste or misuse 

such heat would make, as before-mentioned, a very great 

difference in the economy of the working of the apparatus.

85. If the pump exhaust steam were led direct to the 

distiller tubes, some heat would be saved, but the saving 

would be less, as this mode of using the exhaust steam 

would, in fact, be single distillation only (with its lowest 

grade of economy), whereas by using the exhaust steam 

for heating the boiler feed, the heat of such steam is 

transferred to the boiler, and is thus indirectly given a 

multiple effect instead of only a single effect.

86. The pump exhaust may, however, be otherwise used 

to good purpose, thus (1) instead of this exhaust steam



MULTIPLE DISTILLATION. 209

being used to heat the boiler feed, it may be sent into the 

coils of the first evaporator, giving it a direct multiple 

effect. If this arrangement is made, a reducing valve 

must be placed on the boiler primary steam to the first 

evaporator, or the back pressure on the pump exhaust 

will stop the pump. Or, (2) this exhaust steam after 

passing into the tubes of the first heater may be made 

to continue on into the evaporator coils of the first 

evaporator, the water formed by condensation in the 

heater tubes going along with it. This has the ad­

vantage of profitably using any uncondensed exhaust 

steam that has passed through the tubes of the first 

. heater unused—i.e., unconverted into water—and, there­

fore, still having some latent heat to dispose of. (3) Or 

the pump exhaust may be led direct into the coils of 

the second evaporator, along with the secondary steam 

from the first evaporator. This has its merits, but it 

also lias a rather disturbing effect on the ratios of pressure 

and production in the various stages of distillation. It, 

however, gives to the pump exhaust multiple effect, but 

its effect is one grade lower than that of the boiler steam.

Note.—Perhaps the most convenient way (although 

not quite so economical) is for the pump exhaust to 

heat the boiler feed, as first suggested.

Construction, of Heater.

87. Ilie construction of a heater has already been ex­

plained in pp. 115-122, and the construction of the heaters 

for multiple distilling apparatus is substantially the same, 

but it must be borne in mind that the feed-waters respec­

tively passing through their heater shells are at a higher 

pressure than in the case of double distiller on a steam 

ship, where the feed-water may enter the evaporator
14
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casing at practically no pressure at all. The heater 

shells and interior tube surfaces should be proved to not 

less than double the maximum working pressure, what­

ever that may be in each heater.

Surface of Heater.

88. The amount of surface for the heaters is calculated 

somewhat in the same manner as that already shown foi 

calculating the amount of surface for evaporator and 

distiller coils or tubes. The amount of heat available in 

units per lb. weight of steam and water passing through 

the tubes is first ascertained, and then the weight of feed­

water (in lbs.) that requires to be heated ; the ratio 

of the one to the other will enable an estimate to be 

made of the temperature that each lb. of feed-water will 

be raised to bv its being placed so as to absorb th.© lioat 

passing through the tubes. The extent of the surface 

is then estimated on that basis, according to such rules 

as may have been arrived at by experience with the type 

of heater used.

Materials used for Heaters.

89. The actual surfaces of the heaters are conveniently 

made of solid-drawn copper tubes. It is well to have 

the tubes spaced not too close together, as the operation of 

cleaning has to be considered. The interior of the tubes 

should be proved to double the maximum working pressure.

90. The tubes are best expanded into gun-metal tube 

plates, much in the same way as the tubes are fixed in a 

distilling condenser.
91. The casing or shell of the heater is made of gun­

metal, or copper, or steel, as may be desired, rhe covers
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can be made of cast iron, or they can be made much in 

the same way as the distiller covers are made—i.e., 

of a thin sheet of copper gripped between the flange 

of the casing and a ring outside (see Fig. 13, p. 116 and 
Fig. 14, p. 118).

(e) THE FEED REGULATOR.

92. The operation of the feed regulator for regulating 

the feed of the evaporator in a double distilling apparatus 

has already been explained in p. 113. In that case the 

only feed-water regulated was that of the evaporator. 

By the automatic action of balance floats, the evaporator 

feed-water was regulated so as to be constantly kept in 

due proportion to the production of the gained distilled 

water, thus causing the brine of the evaporator to be kept 

at a uniform salinity, whatever may be the rate of pro­
duction of the distilled water.

93. The feed regulator suitable for multiple distillation 

is merely an extension of this principle. Thus, in mul­

tiple distillation, not one, but two or more evaporators 

have to be fed in due proportion to their respective 

evaporations; and the boiler also can be fed in this 

manner with sea water without any trouble, so as to 
keep the brine salinity invariable.

94. In the double distiller feed regulator (see Fig. 12, 

p. 113) the balance floats regulate the feed for one evap­

orator only. Fig. 23 shows that the sea water entering 

at (SW) into the compartment may be controlled by the 

float (S), so as to be equal to the total feed-water of the 

boiler and all the evaporators collectively. When this 

has been regulated by the action of the two floats (S) and 

(F), the sea water, from the box with (S) float, can be 

run out into channel (C), and from this channel it may
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be correctly distributed to the boxes for (B)—i.e., boiler 

feed; (IE)—i.e., for the first evaporator feed; and (2E) 

for the second evaporator feed—and so on with 

as many extra boxes as there are evaporators to feed. 

The escape from these boxes is shown by the outlet 

arrows.
It is convenient to have a gauge glass on each box (F) 

and (S) to show that the head of water is about the same 

in each box.

95. Pump suctions may be connected to these outlets, 

so that the severally regulated feed-waters may be pumped 

to where required, rhe distilled water, after having done 

its duty by regulating the total feed-water in due pro­

portion to the distilled water produced, escapes, as shown 

by outlet arrow (F.W.), to where desired, generally to a 

tank, or, if desired, a pump suction pipe may be con­

nected to this branch for delivery at a distance or a 

height above the apparatus.
The fresh water enters (F) box at (D) as indicated by 

the arrow. It is usually supplied from filter outlet.

96. Other types of feed-water regulators can, of course, 

be devised, but the chief objects should be to have the
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several feeds automatically regulated, and the brine 

densities in the boiler and each evaporator thus kept 

uniform.

97. It is important that the pump, whilst drawing away 

the various feed-waters from these various compartments, 

should avoid drawing air, for any air drawn through the 

feed pump would find its way into the boiler, or the coils 

of the evaporators, and cause the apparatus to work less 

easily than if nothing but water were fed in. This may­

be guarded against by having floats in each of these com­

partments, so fitted as to close the pump suctions by 

their sinking action when the water gets below the level 

of the suction pipe end.

(/) THE PUMP.

Its Functions.

98. The pump usually supplied with the apparatus has 

three distinct functions :—

First.—It circulates the sea water through the dis­

tilling condenser.

Secondly.—It supplies the feed-water to the various 

parts of the apparatus that generate steam—that is to 

say, to the boiler and each evaporator, all of which have 

separate pumps, but the whole is combined in one 

machine, as a rule.

Thirdly.—It pumps away the fresh water that is 

produced.

1. Circulation Pump.

99. As to the circulation pump, what lias been said at 

p. 153, when dealing with the distilling condenser as to 

the quantity of circulation water required must be con­

sidered in calculating the size of this pump to meet those
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requirements, and the same may be said with regard to 

the capacity of the other pumps—i.e., for the fresh water 

and the feed-pumps. It is always well to have plenty of 

margin as to capacity, so as not to necessitate driving 

the pump at an excessive speed.

The steam cylinder of the pump should be made 

amply large so that the net working pressure may be 

kept low.

Its Lubrication.

100. As the exhaust steam from the pump is utilised 

by being re-converted into water, and its latent heat not 

wasted, the water thus produced, and included in the 

general output of drinking water, should not be greasy 

or oily. It is well, therefore, to avoid greasy lubrication 

as far as possible. There is a natural desire of all engineers 

in charge of machinery to oil the steam cylinder and the 

plungers, in fact, all parts where there is any friction. 

Now, to put oil or grease inside the steam cylinders 

would at once manifest itself in the exhaust steam, and 

then in the water condensed from it. If a steam pump 

is well made, the cylinder may be so constructed that oil 

and grease are unnecessary, and, by leaving the cylinder 

unlagged, the slight condensation of the steam inside the 

cylinder acts as a lubricant. Pumps made on this system 

have been known to work well for many years. The 

piston-rod may be lubricated with oil, as the small 

quantity of oil getting into the cylinder is not sufficient 

to taint the exhaust steam, but the plungers should not 

be oiled ; a well constructed and suitable pump has 

water channels round the plungers for water to replace 

oil as a lubricant.
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Economy Effected by using Pump Exhaust.

101. The pump is driven by the high-pressure steam 

coming direct from the boiler, therefore, the most econ­

omical and convenient manner of saving or retrieving the 

heat that is used is to let the exhaust steam impart its 

latent heat, either inside the first evaporator coils, or to 

the boiler feed-water (which requires to be made as hot 

as possible), and to let the water or the condensed exhaust 

steam go into the distilling condenser to be cooled along 

with the rest of the drinking water produced. The 

arrangement has already been explained, and need not be 
repeated here.

102. If the pump exhaust steam, instead of heating the 

boiler feed-water, is conducted back into the steam pipe 

leading the primary steam to the first evaporator, a non­

return steam valve should be placed on the main or 

primary steam pipe to the apparatus, at a convenient 

place between the point where the live steam branches 

off to the pump and the point where the pump exhaust 

pipe rejoins the main steam pipe. By this means the non­

return valve can be adjusted so as to reduce the pressure 

of the primary steam to the first evaporator sufficiently, 

so as not to overpower the exhaust steam or cause too 

great a back pressure upon the pump. This, however, 

involves the pressure in the boiler being kept somewhat 

higher than is necessary, in order to have a sufficient 

excess of pressure for driving the pump.

2. Feed-Water Pump.

103. The pumps, when drawing the regulated feed-water 

from the various compartments of the feed regulator, are 

prevented from sucking in air, by the arrangement of
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floats in the feed regulator, which automatically close or 

control the pump suction when the level gets to a point 

that would allow air to be drawn in with the water, which 

would interfere with working of the apparatus.

104. The feed pumps, after drawing the feeds from 

their respective compartments of the feed regulator, 

pumps them through their respective feed-water heaters, 

and then to their ultimate destination.

3. Fresh-Water Pump.

105. The fresh-water pump is usually made suitable for 

pumping the fresh water produced to the height or dis­

tance desired.

Fig. 24.—Dr. Normandy’s Joint.

Circulation Pump—Strainers.

106. The delivery of the circulation water is at the 

bottom of the distilling condenser direct; the suction 

end is usually protected by a cage or strainer, so as to 

prevent foreign substances being drawn into the pump
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and condenser casing, as such, substances might find their 

way into the feed regulator, and interfere with its proper 

action.

Suction Pipe.

107. The suction pipe for the circulation pump, in 

a large apparatus, is of large bore, and very often is 

of considerable length, with many joints in it. It is 

important that such pipe should be sound, and not liable 

to leakage, as air drawn in at a faulty joint will cause an 

insufficient supply of circulation water, and the whole 

apparatus may be disorganised until the leaking joint has 

been discovered and made good.

108. A joint which has been found good after many 

years of use is shown in Fig. 24. It has the advantage 

of being non-rigid. GG are glands, S is a sleeve, RR 

rubber rings, all encircling pipe ends.

(I/) THE FILTER.

109. The effect and construction of the filter have 

already been explained (p. 150). It should be placed 

between the distilling condenser and feed regulator, to 

deal with the distilled water as it passes from the former 

to the latter.
(B) SPARE GEAR.

110. The spare gear usually includes—a set of fire-bars 

for the boiler, a set of heating surfaces (interchangeable) 

for each evaporator, the same for each heater, and a 

complete sheaf of condensing and cooling surfaces for 

the distilling condenser. Also spanners, &c.

(i) CONNECTIONS.

111. The apparatus and boiler should include all fittings 

and connections between all the parts. It is also useful to



2l8 SEA WATER DISTILLATION.

include a reasonable run of pipe for suction to the pump, 

and for the delivery of fresh water from the apparatus.

0) INSTRUCTIONS FOR WORKING THE APPARATUS.

112. The following general rules for working a treble 

distilling apparatus are stated shortly, but this is always 

given in very much fuller detail by the makers when they 

supply their own class or type of apparatus.

(1) First of all, the boiler should be filled with sea 

water, the fire lighted, and steam got up just enough 

for working the pump.

(2) The pump should then be started, and as soon as 

the circulation water passes through the condenser, the 

evaporators should be filled with sea water by means of 

the filling pipe, and as soon as a proper level has been 

obtained in the evaporators, the quick means of charging 

the evaporators with sea water should cease, and the 

feeding be left to the feed regulator to deal with.

(3) The boiler steam may now be admitted to the first 

evaporator coils, and, if necessary, the steam valve and 

starting valve for the pump adjusted with each other, so 

that the pump goes at its proper speed.

(4) In a short time the sea water in the first evaporator 

will boil, and the steam generated therefrom will then pass 

into the coils of the second evaporator, and also generate 

steam therefrom, which will pass up into the heater tubes, 

and thus be utilised in heating the various feed-waters on 

their way to their respective destinations.

(5) The apparatus being in full work, it is necessary to 

see that the boiler pressure is not too high, as only suffi­

cient pressure is needed to obtain the production specified, 

with the boiler steam valve full open.

(6) It will probably take about half-an-hour for an
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apparatus to settle down properly to work, and all parts 

to be heated properly. As soon as this happens, the 

trial may be commenced against weighed coals, or such 

other fuel as is specified.

(7 ) In recording the production, it may here again be 

repeated that the production of the apparatus in point 

of time is a totally different thing from the production 

as regards consumption of fuel. An apparatus may 

be capable of producing quantities having a very wide 

range in point of time, and yet all may practically be 

equally economical. On the other hand, several types of 

apparatus may all be capable of practically the same 

output of water, in point of time, yet be immensely 

different in their rate of economy.

113) Fig. 25 shows the important parts of a treble dis­

tillation apparatus. The boiler, the pump, the automatic 

feed regulator, and the filter are shown elsewhere.

The following parts (some at the back of the apparatus 

not visible) may be indicated as follows :—

B, Steam pipe from the boiler.

C, Steam pipe leading to the pump.

D, Steam valve for letting the primary steam into 

the first evaporator.

E, Secondary steam from first evaporator shell 

to second evaporator coils.

F, Feed pipe from heater to first evaporator.

G, Tertiary steam from second evaporator shell 

to all three feed-water heaters.

H, Feed-water pipe from heater to second 

evaporator.

I, Tertiary steam (uncondensed by heaters) and 

the condensed steam from coil drains to 

distiller.
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J, Circulation inlet to distiller.

K, Feed-water pipe from heater to boiler.

L, Circulation outlet. Feed branch is at back.

M, Pressure gauge, for inside coil pressure.

N, Pressure gauge, for inside steam room pressure.

O, Water pressure gauge, final steam room.

The brines from first and second evaporators escape 

from the base, and are conducted into the circulation 

discharge from the top of the distilling condenser.
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The fresh water produced rises from a pipe at the base 

of the distilling condenser, and is conducted into the filter 

in very much the same way as indicated in (N) in Fig. 20.

The pressure gauges on first and second evaporators are 

the same as (A) and (B) in Fig. 20, whilst the first evap­

orator has two gauges, one for the coil pressure and the 

other for the pressure in the casing.

Note.—By using Col. 2 as suggested, a record of 

every 15 minutes is obtained, thus testing the steady 

working of the apparatus.

Form of Trial Sheet.

114. The foregoing form for recording the results of the 

trial of multiple distilling machinery will indicate the 

various points of importance. The following rules must 

be observed, otherwise the trial is more or less valueless.

RULES (for Trial Workings).

(1) All measuring appliances, such as tanks, steam 

gauges, thermometers, salinometers, &c., should be 

accurate, and of approved make.

(2) The record of the trial should commence from the 

time when the apparatus is in full operation. In a 

specially strict trial, the fires should then be drawn and 

re-lighted with weighed fuel (coal, &c., including the 

firewood, also cinders drawn out). This involves hardly 

a momentary fall in the production, but it is necessary, 

to avoid dispute as to the condition of the fire when 

finishing, as compared with what it was when starting 

the trial.

(3) When concluding the trial, the following state of 

things should be the same as when the trial commenced
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—viz., the boiler pressure, the water level in boiler and 

in each evaporator, and the speed of the pump should 

all be as at starting—otherwise the trial will not be of 

much value. This applies most to the boiler pressure 

being the same (certainly not lower) when the trial ends, 

for if the boiler pressure is less at finish than at start, an 

obvious advantage is given to the apparatus, which it 

cannot maintain in general working. In a short trial, 

the temporary advantage cannot be spread over a 

sufficient length of time to minimise it.

Note.—The advantage gained by thus working the 

boiler is the uncounted supply (before commencing 

the trial) of the amount of coal used for getting 

up steam, from the low pressure recorded at finish 

to the higher pressure at which the trial commenced. 

This spread over a short trial would be of con­

siderable value, and the shorter the trial, the more 

pronounced would be the saving ; therefore, an economy 

based on such a record would be somewhat misleading, 

as a quantity of coal is used to advantage without being 

counted.

(4) As it is very easy to get into a state of confusion 

as to the quantity of coal actually consumed, a good 

way of recording the same is to have several lots of coal 

(if coal is the fuel used) weighed out in separate lots of, 

say, 100 or 200 lbs. each, and to keep a double record 

(1) of the quantity taken from each lot, and (2) the 

quantity when the last shovelful of coal is put into the 
boiler furnace.

(5) At the conclusion of the trial the total weight of 

water delivered should be taken as against the weight of 

the coal consumed, and the latter should include the
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weight of cinders again withdrawn from the furnace; 

and the weight of ashes collected during the continuance 

of the trial deducted. If the ash weighs about 4 per 

cent, of the coal used, it shows the quality of the coal is 

good ; but if, say, 10 per cent, of ash exists, it shows the 

quality of the coal is not very good. See Chapter v. on 

fuels on this point, also with regard to the various 

descriptions of coal that may be used.

(6) The apparatus should work with steady regularity 

during the trial, and yield a fairly steady output of 

water with a steady consumption of fuel every hour, 

and the boiler pressure should be steady (not decreasing). 

If the output is irregular, it is a sign that the apparatus 

or the trial is not satisfactory, and is not likely to give 

satisfaction in after use.
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Co n c l u s io n .—Although the principles of distillation 
will ever remain unchanged, the details may require 
amplification and revision, as time goes on and the 

necessity of pure water becomes more and more an 

essential to meet requirements both for drinking’ pur­

poses and for industries generally. The author would, 

therefore, welcome criticism and suggestions made, but 

hopes he may be excused if lie is unable at all times 
to enter into correspondence on the subject.
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APPENDICES.

(Appendix to page 66.)

The Chapter on “ Fuels ” mentions a few combustibles 

that suggest themselves for use with sea water distilling 

machinery. The heating powers attributed to them are 

to some extent approximate, yet quite near enough a 

guide to compare their heating capacities when working 

this class of machinery. If greater accuracy is desired, 

reference should be made to the Treatise on Heat, by Mr. 

I\ Box, in whose book will also be found fuller informa­

tion on fuels and on heat generally.

(Appendix to page 96.)

With regard to Table L—Péclet, in his Traite de la 

Chaleur, gives the rule that when a substance with parallel 

surfaces (i.e., of uniform thickness) has a constant flow 

of heat passing through it, with a constant difference of 

temperature between the two surfaces, such flow is in 

inverse ratio to the distance the two surfaces are apart 

(i’.e., to its thickness). Péclet then gives the following 

formula :—

Let M = Amount of heat passed through in a specified 

time (i.e., units of heat).

t = Temperature of one surface.



228 SEA W A TER D ISTILLA TION .

t' Tem perature of other surface.

e = Thickness, or distance apart, of surfaces.

C =  Conductibility of the substance (i.e., the  

value of M for t — f).

Then—  M  =
e

In his treatise, Péclet says that Biot, in 1816, verified  

this form ula  by  experim ent, and  that later (1836) D espretz  

m ade further experim ents confirm ing Biot. Péclet, how ­

ever, casts doubt on the foregoing experim ents, saying  

they w ere obtained under circumstances rather too  

special to be practical; he, therefore, in 1841, m ade  

very exhaustive experim ents dealing w ith substances 

(m ostly bad conductors of heat), and the results (cpn- 

verted into English equivalents for convenience) w ill be 

found in “ Box on H eat.”

W ith respect to the passage of heat through m etals, 

Péclet gives the follow ing  ratio as the results of the earlier 

experim ents of Biot and D espretz, but, for practical 

purposes, it w ill be found safer to go by the Table 

given  on  p. 96.*

G old (as standard), 1,000

Platinum ,..................................................... 981

Silver,............................................................. 973

Copper,............................................................. 898

Iron, .............................................................374

Zinc,............................................................. 363

Tin, ............................................................. 303

Lead,............................................................. 179

W here silver is given as the standard.
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(Appendix to page 113.)

The feed, evaporation, and brine all hang together very 

closely; the distilled water being evaporated from the 

feed and the brine being what is afterwards left. Both 

the distilled water and the brine, therefore, offer them­

selves as agents for regulating the feed as to its quantity. 

Fig. 12 shows how the output of distilled water may be 

applied to this use. It has the following points which 

make it preferable to using brine for this purpose, 

viz.:—It is cold, or cooler than the brine, and it is also 

fresh, and therefore free from a disposition to cause 

incrustation on the float and other parts with which it 

comes into contact. If it becomes difficult to pass the 

distilled water into the feed regulator the brine has to be 

used, and, if due provision is made for the heat and 

impurity of the brine, a regulator somewhat on the same 

lines as shown in Fig. 12 can be adapted to the use of 

brine instead of the distilled water.

When, however, the brine is to be used in the feed 

regulator, it must be kept in view that (with a constant 

feed) the discharge of brine increases as the output of 

distilled water decreases. Therefore, the function of the 

brine in the regulator would be to shorten the feed 

supply as the brine tends to be excessive. The feed, 

evaporation, and brine will then all three be constantly 

kept in due proportion to one another.

(Appendix to page 161.)

The “Normandy” Double Distiller, shown in Fig. 20 

(p. 161), has its evaporator coils designed to meet all the 

requirements detailed on p. 89 (sec. 48), as far as pos­

sible. Fig. 16 on. p. 134 shows the evaporator with door 

off, and coils exposed to view.
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(Appendix to page 172.)

Péclet, in his treatise on Heat (3rd ed., 1860), dates 

the introduction of multiple distillation in 1829. After 

saying that the heat obtained by a primary distillation 

can be used for producing successive distillations—i.e., as 

the steam condenses it emits exactly the same amount 

of heat it absorbed for its formation—and that, conse­

quently, if there was no loss of heat, multiple distillation 

might be carried on indefinitely. He then says the prin­

ciples of multiple distillation were (as far as he knows) 

first applied in practice by M. Pecqueur in a patent granted 

to him in 1829, and further patents were taken out in 

1834 and 1849. He also points out that, whilst multiple 

distillation is applicable to land apparatus, double dis­

tillation is most suitable for use on ships.

(Appendix to page 197.)

The table on the next page is another List of Boilers 

(Cornish and Lancashire) which will be found useful.

With regard to the size of the boiler, it is important 

that the diameter and length should be in due proportion 

to each other. If the length is too little, the heat (from 

the products of combustion), after passing through the 

boiler flues, would reach the chimney too soon, and waste 

of heat would consequently result ; whilst, if the length 

is too great, there is a loss of heat by radiation from the 

unnecessary length of the boiler shell. A well-propor­

tioned boiler is, therefore, better arrived at by experi­

ence than by resorting to calculations based on theory. 

These remarks may be said to apply not only to the 

dimensions of the boiler itself, but also to its heating 

surface and grate area, and indeed the size of the 

chimney.
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G r a te  A r e a . H e a t in g A p p r o x im a te
S u r fa c e . W e ig h t .

W id th  x  L e n g th . S q . F t . S q . F t . T o n s .

C o r n i s h . ( O n e  F lu e .) ( 8 0  lb s .

w .p .)
4 ' 0" x 9 ' 0 " 2' 0" x  3 ' 6" 7 ’0 1 3 5 3 .0
4 ' 0 "  X  1 2 ' 0 " 2' 0 " x  4' 0 " 8 - 0 1 7 0 3 - 6

4 ' 6 "  x  1 2 ' 0 " 2' 3 " x  4' 0" 9 - 0 1 9 0 4 - 0

4 ' 6 " X  1 5 ' 0 " 2' 3 " x  4' 6 " 1 0 - 1 2 3 0 4 - 8
5 ' 0 " X  1 2 z 0 " 2' 6" x 4' 0" 1 0 - 0 2 1 0 4 - 7
5 ' 0 "  X  1 5 ' 0 " 2' 6" x  4' 6 " 1 1 - 2 5 2 5 5 5 - 4 5
5' 0" X  1 8 ' 0 " 2 ' 6 " x  5 ' 0 " 1 2 - 5 3 0 5 6 - 2 5
5 ' 0 "  X  2 1 ' 0 " 2' 6 " x  5 ' 6 " 1 3 - 7 5 3 5 5 7 - 0
5 ' 6 " x  1 8 ' 0 " 2' 9 " x  5 ' 0 " 1 3 - 7 5 3 5 0 7 - 1
5 ' 6 " X  21' Q" 2' 9" X  5' 6 " 1 5 - 1 4 1 0 7 - 9
5' 6" X 24' 0" 2' 9" X 6 ' 0 " 1 6 '5 4 7 0 8 - 7
6 ' 0 " X  1 8 ' 0 " 3 ' 0 " x  5 ' 0 " 1 5 - 0 3 7 0 7 - 6
6 ' 0 "  X  2 1 ' 0" 3 ' 0 " x  5 ' 6 " 1 6 - 5 4 3 5 8 - 5
6 ' 0 "  X  2 4 ' 0" 3 ' 0 "  X  6 ' 0 " 1 8 - 0 5 0 0 9 - 5

L a n c a s h i r e . ( T w o  F lu e s , e a c h .) ( B o th ( T o ta l . ) ( 1 0 0  lb s .

F u rn a c e s . ) w .p .)

6 ' 6 " x  1 8 ' 0 " 2 ' 6 " x  4' 6 " 2 2 - 5 4 2 0 1 1 - 5

6 ' 6 "  x  2 1 ' 0 " 2' 6" x 5 ' 0 " 2 5 4 9 3 1 2 - 6

6 ' 6" x  2 4 ' 0 " 2' 6" x 5 ' 6 " 2 7 - 5 5 6 4 1 3 - 8

6 ' 6 " x  2 7 ' 0 " 2' 6 " x  6 ' 0 " 3 0 6 3 3 1 5 - 0

7 ' 0 " x  2 1 ' 0 " 2' 9" x 5' 0 " 2 7 ’5 5 4 1 1 3 ’6

7 ' 0 " X  2 4 ' 0 " 2 Z 9" x 5' 6 " 3 0 - 2 6 2 0 1 5 - 1

T 0 " x  2 7 ' 0 " 2' 9" x  6 ' 0 " 3 3 5 9 5 1 6 - 6

7 ' 0 " X  3 0 ' 0 " 2 ' 9 " x  6 ' 6 " 3 5 7 7 5  ! 1 8

7 ' 6 " X  2 1 ' 0" 3 ' 0 " x  5' 0" 3 0 5 8 5 1 5 * 6

7 ' 6 " X  2 4 ' 0 " 3' 0" X 5' 6" 3 3 6 7 3 1 7 - 2

7 ' 6 " x  2 7 ' 0 " 3' 0" X 6' 0" 3 6 7 5 2 1 9

7 ' 6 " x  3 0 ' 0" 3 ' 9" x 6 Z 6 " 3 9 8 3 9 2 0 - 5

8 '0 "  X  21' 0 " 3 ' 3 " x  5 ' 0 " 3 2 - 5 6 2 6 1 7 - 4

8 ' 0" X  2 4 ' 0 " 3 ' 3" X 6 ' 6" 3 5 - 7 7 1 9 1 9 - 2

8 ' 0 "  X  2 7 ' 0 " 3' 3" X 6 ' 0 " 3 9 8 0 5 2 1

8 ' 0 " X  3 0 ' 0 " 3 ' 3" x 6 ' 6" 4 3 9 0 0 2 3

T h e  width o f  g r a te  ( i .e . , e a c h  f u r n a c e )  m a y  b e  t a k e n  a s  th e  d ia m e te r  o f  

e a c h  f lu e , w h i ls t  th e  length o f  g r a te  i s  th e  l e n g th  o f  th e  f i r e -b a r s .

T h e  th e o r y  o f  c o m b u s tio n  in  a  b o i le r  i s  th a t  a b o u t  5 0  p e r  

c e n t , o f th e  to ta l h e a t g iv e n  o u t b y  th e  f u e l i s  d i r e c tly  

t r a n s f e r r e d  to  a n d  a b s o rb e d  b y  th e  b o i le r  p a r ts  e n v e lo p in g
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the burning mass, so that all this radiant heat is utilised. 

(Some experts say 70 per cent, of the heat is thus imported.) 

The remaining 50 per'cent. of the heat given off is trans­

ferred to the air admitted to the furnace to support com­

bustion. This latter heat, therefore, passes through the 

flues, and what is not absorbed passes away, and is lost 

up the chimney. Hence it is necessary for these flues 

to be long enough to abstract as much heat as possible 

before the chimney is reached, but not too long, as it 

entails extra length of boiler, and a corresponding loss of 

heat by radiation from its exterior surface. A correct 

balance between the two extremes is gained by experience 

only. A properly proportioned boiler is essential to an 

economical distilling apparatus.

If, therefore, coal is taken as capable of imparting, say, 

13,000 B.T.U. per lb., 6,500 B.T.U. (i.e., 50 per cent.) 

will be directly imparted as radiant heat, and none of 

this will be wasted; but the balance, 6,500 (i.e., the 

remaining 50 per cent.), which has to travel along the 

flues, will have a large proportion of unused heat when 

he chimney is reached. Thus, if in practice, only 10,000 

B.T.U. are used out of the 13,000 B.T.U., which is 

approximately the heat required to evaporate 10 lbs. of 

water (see p. 66), it would show that the remaining 

3,000 B.T.U. (13,000-10,000 = 3,000) are lost by radia­

tion or gone up the chimney; i.e., instead of the balance 

6,500 B.T.U. being also utilised, only 3,500 B.T.U. are used, 

the remaining 3,000 B.T.U. being wasted. Hence the 

necessity of a properly proportioned boiler to minimise 

the loss inevitably caused, either by heat uselessly going 

up the chimney or by radiation, by the boiler being too 

long to effectively retrieve any part of such loss.
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THE DESIGN OF STRUCTURES:
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BRIDGE-CONSTRUCTION :
Being a Text-Book on the Construction of Bridges in Iron and Steel.

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS.

B y  T. CLAXTON FIDLER, M .In s t .C.E.,
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Se c o n d  Ed it io n , Revised. Cloth. With 252 Illustrations.

THE THEORY OF THE STEAM TURBINE.
A Treatise on the Principles of Construction of the Steam Turbine, 

with Historical Notes on its Development.

By  ALEXANDER JUDE.

Co n t e n t s —Fundamental.—Historical Notes on Turbines.—The Velocity of Steam.—  
Types of Steam Turbines.—Practical Turbines.—The Efficiency of Turbines, Type I.—  
Trajectory  of the Steam.—Efficiency of Turbines, Types IL, III. and IV.—Turbine Vanes.—  
Disc and Vane Friction in Turbines.—Specific Heat of Superheated Steam.—Strength 
of Rotating Discs.—  Governing Steam Turbines.—Steam Consumption of Turbines.—The 
Whirling of  Shafts.—Speed of Turbines.—In d e x .

“ One of the latest text-books . . . also one of the best . . . there is absolutely 
no padding.”—Sir William White in the Times Engineering Supplement.

In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net.

LECTURES ON THE MARINE STEAM TURBINE.
By Pr o f . J. HARVARD BILES, M.In s t .N.A.,

Professor of Naval Architecture in the University of Glasgow.

•‘This is the best popular work on the marine steam turbine which lias yet appeared.”—  
Steamship.

Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Meeh.E., &e.

Fo u r t h  Ed it io n , Revised and Enlarged, With additional Illustrations. 
Large 8vo, Handsome Cloth. 25s. net.

A TEXT-BOOK ON

GAS, OIL, AND AIR ENGINES.
Bv BRYAN DONKIN, M.In s t .C.E., M.In s t .Me c h .E.

“The best book now published on Gas, Oil, and Air Engines.”—Engineer.

In Quarto, Handsome Cloth. With Numerous Plates. 25s.

THE HEAT EFFICIENCY OF STEAM BOILERS
(LAND, MARINE, AND LOCOMOTIVE).

By  BRYAN DONKIN, M.In s t .C.E.

Ge n e r a l  Co n t e n t s .—Classification of Different Types of Boilers.— 425 Experiments on 
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables.—Fire 
Grates of Various Types.—Mechanical Stokers.—Combustion of Fuel in Boilers.—Trans­
mission of Heat through Boiler Plates, and their Temperature.—Feed Water Heaters, 
Superheaters, Feed Pumps, &c.—Smoke and its Prevention.— Instruments used in Testing 
Boilers.—Marine and Locomotive Boilers.—Fuel Testing Stations.—Discussion of the Trials 
and Conclusions.—On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers.  —Appendices.—Bibliography.— I  n d e x .

“ Probably the m o s t  e x h a u s t iv e  resumé that has over been collected, A pr a c t ic a l  
Bo o k  by a thoroughly practical man.’’—Iron and Coal Trades Review.

In Large Crown 8vo. Cloth. Fully Illustrated. 5s. net.

SUCTION GAS PLANTS.
By  Pr o f . C. A. SMITH, of the East London Technical College.

Co n t e n t s .—Introduction.—Details of Construction.—Fuel and Testing.—Application 
and Uses of Suction Plants.—Working the Plant.—Typical Plants.—Plants for Special 
Purposes.—Total H.P.—Effluent.—Cost of Gas Production.—The Gas Engine.—Biblio­
graphy.—Calorific Value of Coal Gas.—Of Solid Fuels.—Gas Analysis.—Destruction of 
Tar in the Producer.—Detection of CO in Exhaust—Capital Cost.—In d e x .

“ This book is one we can cordially recommend as affording a complete knowledge o ' 
the theoretical aspect of Suction Plants.”—Gas World.
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F o u r t h  E d i t i o n , R ev ised . P o ck e t-S ize , L ea th e r, 1 2 s . 6 d .

B O IL E R S , M A R IN E  A N D  L A N D :
THEIR CONSTRUCTION AND STRENGTH.

A  H a n d b o o k  o f  R u l e s , F o r m u l æ , T a b l e s , & c ., r e l a t i v e  t o  M a t e r i a l s , 
S O A N T L IN G S , A N D  P R E S S U R E S , S A F E T Y  V A L V E S , S P R IN G S , 

F i t t i n g s  a n d  M o u n t i n g s , & c .

F O R  T H E  U S E O F E N G IN E E R S , S U R V E Y O R S , B O IL E R -M A K E R S , 
A N D  S T E A M  U S E R S .

B y  T . W . T R A IL L , M . I n s t . 0 . E ., F . E . R . N ., 
L ate  E n g inee r  8 u rv ey o r-in -C h ie f to  th e  B o ard  o f  T rad e .

“ C o n ta in s  an  E n o r m o u s  Q u a n t i t y  o f  In f o k m a t i o n  a rrran g ed  in  a  v ery  co n v en ien t fo rm . . .
A  m o s t  u s e f u l  v o l u m b . . . su p p ly in g  in fo rm a tio n  to  b e  h ad  n o w h ere  e lse .”—  The Engineer.

S i x t h  E d i t i o n , R ev ised . .L arg e C ro w n 8 v o . W ith  n u m ero u s  
Illu s tra tio n s . 6 s . n e t.

E N G IN E -R O O M P R A C T IC E :
A  H an d b o o k  fo r E n g in ee rs an d  O ffice rs in th e R o y a l N av y  and  M ercan tile  

M arin e , in c lu d in g  th e  M an ag em en t o f  th e  M ain  an d  A u x ilia ry
E n g in es  o n  B o ard  S h ip .

B y  JO H N  G . L IV E R S ID G E , R .N ., A .M .I.C .E .
Contents.—G en era l D escrip tio n  o f M arin e M ach in e ry .— T h e C o n d itio n s o f S erv ice  an d  

D u ties  o f E n g in ee rs  o f th e  B o y a l N av y .'— E n try  an d  C o n d ition s o f S erv ice  o f E n g in ee rs  of 
the L ead in g  S .S . C o m p an ies .— R ais in g  S team — D u ties o f a S team in g  W atch o n E n g in es  
an d B o ile rs .— S h u ttin g o ff S team ,— H arb o u r D u ties an d W atch es A d justm en ts an d  
R ep a irs o f E n g in es.— P rese rv a tio n an d .R ep a irs o f “ T an k ” B o ile rs .— T h e H u ll an d its  
F ittin g s ,— C lean in g  an d  P ain tin g M ach in e ry .— R ec ip ro ca tin g P u m p s, F eed H eate rs, an d  
A u to m atic F eed-W ate r R eg u la to rs .— E v ap o ra to rs. —  S team B o ats . —  E lec tric L ig h t 
M ach in e ry .— H y d rau lic M ach in e ry ,— A ir-C o m p ress in g P u m p s.— R efrig e ra ting M ach in es , 
— M ach in e ry o f D estro y e rs .— T h e M an ag em en t o f W ater-T ub e  B o ilers.— R eg u la tio n s fo r  
E n try  o f A ssis tan t E n g in ee rs , R .N .— Q u estio n s g iv en in  E x am in a tio n s fo r P ro m o tio n o f  
E n g in ee rs, R .N .— R eg u la tio n s  re sp ec tin g  B o ard  o f  T rad e  E x am in a tio n s  fo r E n g in ee rs , & e

“ T h is  v e b y  u s e f u l  b o o k . . , , I l l u s t r a t i o n s  a re o f G R E A T i m p o r t a n c k  in  a  w o rk  
o f th is k in d , an d  it is sa tis fac to ry to fin d th a t s p e c i a l  a t t e n t i o n  h as b een  g ives  in  th is  
re sp ec t.”— Engineers’ Gazette.

F i f t h  E d i t i o n , T h o ro u g h ly R ev ised an d G rea tly E n la rged .
W ith  N u m ero u s Illu s tra tio n s . P rice 1 0 s . 6 d .

V A L V E S A N D V A L V E  -  G E A R IN G ;
A Practical Text-booh for the use of Engineers, Draughtsmen, and Students.

B y  C H A R L E S H U R S T , P r a c t i c a l  D r a u g h t s m a n .

P A R T I .— S team  E n g in e V alv es . I P a r t  III .— A ir C o m p resso r V alv es an d
P A K T  II .— G as E n g in e V alv es an d  G earin g .

G ears. | P a r t  IV .— P u m p  V alv es .
M b . H u r s t  s  v a l v e s  an d  v a i .v e -o k a h i n g  w ill p ro ve  a  v ery  v a lu ab le  a id , an d  ten d  to  th e  

p ro d u c tio n  o f  E n g ines  o f  s c i e n t i f i c  D B S iG Jt an d  e c o n o m i c a l  w o r k i n g . . . . W ill b e  la rg e ly  
so u g h t a fter  b y  S tu d en ts  an d  D esig n ers .”— Marine Engineer,

“ A sa  p rac tica l trea tise  o n  th e su b jec t, th e b o o k  s tan d s w itho u t a  riva l.” —  Mechanical 
World.

Hints on Steam Engine Design and Construction. B y C h a r l e s  
H u k s t , “ A u th o r o f V alv es an d  V alve G earing .” S e c o n d  E d i t i o n , 
R ev ised . In  P ap er B o ard s , 8 v o ., C lo th B ack . Illu s tra ted . P rice  
Is . 6 d . n e t.

C o n t e n t s .— I . S team  P ip es .— II . V alv es ,— III . C y lin d e rs .— IV . A ir P um p s an d C o n -  
d en se rs.-V . M o tio n W o rk .— V I. C rank S h afts an d  P ed esta ls .— V II. V alv e G ear.— V III. 
L u b rica tio n .— IX . M isce llan eo u s  D eta ils — In d e x .

“  A  h an d y  v o lu m e  w h ich  ev ery  p rac tica l y o u n g  en g in ee r sh o u ld  p o ssess."— The Model 
Engineer.
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Th i r d  Ed i t io n , Revised. W ith num erous Plates reduced from  

W orking Drawings and Illustrations in the Text. 21s.

A MANUAL OF

LOCOMOTIVE ENGINEERING:

A Practical Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway

Engineers, and Students.

B y  W ILLIAM FRANK PETTIGREW , M .In s t .C .E.

Contents. —  Historical Introduction, 1763-1863. — M odern Locomotives: Simple.—  
M odern Locom otives: Compound. Prim ary Consideration in Locom otive Design. 
Cylinders, Steam Chests, and Stuffing Boxes.— Pistons, Piston Rods, Orossheads, and  
Slide Bars.— Connecting  and Coupling Kode.— W heels and Axles, Axle Boxes, Hornblocks, 
and Bearing Springs.-Balancing.— Valve Gear.— Slide Valves and Valve Gear Details.—  
Fram ing, Bogies and Axle Trucks, Radial Axle Boxes.— Boilers.—  Smokebox, Blast Pipe, 
Firebox Fittings.— Boiler M ountings.— Tenders. - Railway Brakes,— Lubrication.-Con­
sum ption of Fuel, Evaporation and Engine Efficiency.— Repairs, Running, Inspection^ 
and Renewals.— Three Appendices — Index.

"The  book  is very  truly  a full treatise on  the  locom otive to date. — Gassier s Magazine.

“The work c o n t a in s  a l l  t h a t  c a n  b e  l k a b n t  from  a book upon such a subject. It 
will at once  rank  as t u b  s t a n d a r d  w o r k  u p o n  t h i s  im p o r t a n t  s u b j e c t .”— Railway Magazine.

In Large 8vo. Fully Illustrated. 8s. 6d. net.

LOCOMOTIVE COMPOUNDING AND SUPERHEATING.

B y J. F. GAIRNS.
Co n t e n t s .— Introductory.— Com pounding and Superheating for Locomotives.— A  

Classification of Com pound System s for Locomotives.— The History and Development Of 
the Com pound Locom otive.-Two-Cylinder Non-Autoniatic System s. —  iwo-Cylmder 
Automatic Systems.— Other Two-Cylinder System s.— Three-Cylinder System s.— Jour- 
Cylinder Tandem  Systems.— Four-Cylinder Two-Crank System s (other than landem).—  
Four-Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced System s.—  
Articulated Com pound Engines.— Triple-Expansion Locom otives.— Com pound Rack  
Locomotives.— Concluding liem arks Concerning Com pound Locomotives.— Ihe Use or 

Superheated  Steam  for Locomotives.— In d e x .

“  A  welcom e addition to the  library of the railway  engineer.”—  Engineering Times.

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 16s.

LIGHT RAILWAYS

AT HOM E AND ABROAD.

B y  W ILLIAM HENRY OOLE, M .In s t .O .E.,

Late  Deputy-M anager, North-W estern Railway, India.

“The whole subject is e x h a u s t iv e l y  and p r a c t ic a l l y  considered. The work can r.<* 
cordially  recomm ended as in d is p e n s a b l e  to those whose duty  it is to becom e acquain«'<. 
with  one of the prim e  necessities  of the  imm ediate future."— Railway Official Gazette.
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ENGINEERING AND MECHANICS.

Se c o n d  Ed i t io n , Enlarged. In Crown 8vo. Handsome Cloth. 

W ith 212 Illustrations. 6s. net.

PRACTICAL CALCULATIONS FOR ENGINEERS.
B y CHARLES E. LARARD,

A.M.Inst.O.E., M.LMech.B., W h.Exh., 
Head of the Mechanical Engineering  Department at the Northampton Institute, London, E G. 

An d H. A. GOLDING, A.M.I.Mech.E.
"Exactly what it should be in order to make it useful to students and practitioners of 

engineering. —Manchester Guardian.

In Crown 8vo, Handsome Cloth. W ith 105 Illustrations. 5s. net.

MECHANICAL ENGINEERING
FOR BEGINNE JRS.

By  R. S. M'LAREN.

Co n t e n t s .—Materials.— Bolts and  Nuts, Studs, Set Screws.— Boilers.— Steam Raising 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.—  
Condensing Plant.— The Steam Turbine.—Electricity.—Hydraulic Machinery.— Gas and 
Oil Engines.—Strength of Beams, and Useful Information.—In d e x .

“The beat of its kind we have seen, and should be in the hands of every apprentice.

—Steamship. _______

S ix t h  Ed it io n . Folio, strongly half-bound, 2is.

TRAVERSE TABLES:
Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance.

For the Use of Surveyors and Engineers.

B y RICHARD LLOYD GURDEN,
Authorised Surveyor for the Governments of New South W ales ano Victoria.

*#* Published with the Concurrence 0/ the Surveyors-General for New South 

Wales and Victoria.
“Those who have experience in exact Su r v h v -w o r k  will best know how to appreciate 

the enormous amount of labour represented by this valuable book. Every Surveyor in 
active practice has felt the want of such assistance f k w  k n o w in g  o f  t h e ir  (the Tables) 
PUBLICATION W ILL REMAIN W ITHOUT THEM."-Engineer.

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net.

BONUS TABLES:
For Calculating W ages on the Bonus or Premium Systems.

For Engineering, Technical and Allied Trades.

By  HENRY A. GOLDING, A.M.I.M e c h .E., 

“Cannot fail to prove practically serviceable to those for whom they have been 

designed  ."—Scotsman. 

Hl OKSE-F’OWEK c o mpu t e r s .
By H. A. GOLDING, A.M.I.M e c h .E., A.M.I.A.E.

For Steam, Gas, and Oil Engines. Complete with Explanatory
Pamphlet. In Box. 5s. net.

For Petrol Motors. Complete with Explanatory Pamphlet. In  
Envelope. 6d. net.

Detailed Prospectus on Application.
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Se c o n d  Ed it io n . Large 8vo, Handsome Cloth. With 

157 Illustrations, 97 Tables, &c. 21s. net.

Lubrication & Lubricants:
A Treatise on the Theory and Practice of Lubrication, and on the 

Nature, Properties, and Testing of Lubricants.
BY AND

LEONARD ARCHBUTT, F.I.O., F.O.S., R. M. DEELEY, M.I.Mech.E., F.G.S.
Chemist to the Mid. Ry. Co. Chief Loco. Super., Mid. Ry. Co.

Co n t e n t s .—I. Friction of Solids.—II. Liquid Friction or Viscosity, and Plastic 
Friction.—III. Superficial Tension.—IV. The Theory of Lubrication.—V. Lubricants, 
their Sources, Preparation, and Properties.—VI. Physical Properties and Methods of 
Examination of Lubricants.—VII. Chemical Properties and Methods of Examination 
of Lubricants.—VIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.—IX. The Mechanical Testing of Lubricants.—X. The Design and Lubrication 
of Bearings.—XI. The Lubrication of Machinery.—In d e x .

“A most valuable and comprehensive treatise on a subject of the greatest importance 
to engineers.”—Engineering.

Fo u r t h  Ed it io n . Very fully Illustrated, Cloth, 4s. 6<i.

STEAM - BOILERS:
THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION,

By R. D. MUNRO,
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company, 

“ A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and a l w a y s  a t  h a n d .”—  Coll. Guardian.

By  t h e  s a m e  Au t h o r .

KITCHEN BOILER EXPLOSIONS: Why 
they Occur, and How to Prevent their Occurrence. A Practical Handbook 

based on Actual Experiment. With Diagram and Coloured Plate. 3s.

In Crown 8vo, Cloth. Fully Illustrated. 5^ nel- 

EMERY GRINDING MACHINERY, 
A Text-Book of Workshop Practice in General Tool Grinding, and the 

Design, Construction, and Application of the Machines Employed.

By  R. B. HODGSON, A.M.In s t .Me c h .E.

“ Eminently practical . . . cannot fail to attract the notice of the users of this class of 

machinery, and to meet with careful perusal.”—Chern. Trade Journal.

F i f t h  Ed it io n . In Two Parts, Published Separately.

A TEXT-BOOK OF 

Engineering Drawing and Design. 
By  SIDNEY H. WELLS, Wh .Sc ., A.M.I.C.E., A.M.LMe c h .E. 

V'o l . I.—Pr a c t ic a l  Ge o m e t r y , P l a n e , a n d  So l id . 4s . 6d.

Vo l . II.—M a c h in e  a n d  En g in e  D r a w in g  a n d  De s ig n . 4s . 6d. 

With many Illustrations, specially prepared for the Work, and numerous 
Examples, for the Use of Students in Technical Schools and Colleges.

” A c a p it a l  TBXT-BOOK, arranged on an k x c k l l k n t  s y s t b m , calculated to give an intelligent 
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells show« 
how to make c o m pl b t b  w o s k ir g -d b a WINGS, discussing fully each step in the design. —  Electrical 
Review___________________________ ______________________________________ ______ _
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I n  T h r e e  P a r t s . C r o w n  8 v o , H a n d s o m e  C lo th . V e r y  F u l ly  I l lu s t r a te d .

MOTOR-CAR MECHANISM AND MANAGEMENT.
B y  W . P O Y N T E R  A D A M S , M .I n s t .E .E .

PART I.—THE PETROL CAR. 5 s. net.
S e c o n d  E d i t i o n . W ith  im p o r ta n t  n e w  A p p e n d ix , i l lu s tr a tin g  a n d  d e f in in g  p a r ts  

o f  a c tu a l  c a r s  in  u s e .

C o n te n ts .— S e c t i o n  I .— T h e  M e c h a n i s m  o f  t h e  P e t r o l  C a r .— T h e  E n g in e .—  

T h e  E n g in e  A c c e s s o r ie s .— E le c tr ic a l I g n i t io n  a n d  A c c e s s o r ie s .— M u ltip le  C y lin d e r  E n g in e s .  

— T h e  P e tr o l .— T h e  C h a s s is  a n d  D r iv in g  G e a r .— S e c t i o n  I I .— T h e  M a n a g e m e n t  o f  t h e  

P e t r o l  C a r .— T h e  E n g in e .— T h e  E n g in e  A c c e s s o r ie s .— E le c tr ic a l I g n it io n .— T h e  C h a s s is  

a n d  D r iv in g  G e a r .— G e n e r a l  M a n a g e m e n t .— A p p e n d i x .— G l o s s a r y .— I n d e x .

“ S h o u ld  b e  c a re f u l ly  s tu d ie d  b y  th o s e  w h o  h a v e  a n y th in g  to  d o  w ith  m o to rs .” — Auto­
mobile and Carriage Builders' Journal.

P A R T  I L - E L E C T R IC A L  A N D  P E T R O L  E L E C T R I C A L

M O T O R  C A R S .

P p . i . - x . +  2 0 2 . W ith  5 0  I l lu s t ra t io n s , in c lu d in g  F r o n t is p ie c e  a n d  

3  P la te s . 5 s . n e t .
“  C le v e r ly  w r it te n . . . w ill b e  f o u n d  o f c o n s id e r a b le  v a lu e .—  Practical Engineer.

I n . L a rg e  8 v o . H a n d s o m e  C lo th . V e ry  F u l ly  I l lu s t ra te d . 1 8 s . n e t

A MANUAL OF

P E T R O L  M O T O R S A N D  M O T O R - C A R S .
Comprising the Designing, Construction, and Working of Petro! Motors.

B y F . S T R IC K L A N D .

G e n e r a l  C o n t e n t s .— P a r t  I . : E n g i n e s .— H is to r ic a l.— P o w e r R e q u ir e d .— G e n e r a l  

A r r a n g e m e n t o f E n g in e s .— I g n i tio n .— C a r b u re t to r s .  — C y lin d e r s , P is to n s ,  V a lv e s , & c .—  

C r a n k  S h a f ts , C r a n k  C h a m b e r s , C a m s , R u n n e r s , G u id e s , & c .  —  P u m p s .  —  F ly w h e e ls .  —  

P ip e A r ra n g e m e n ts .— S ile n c e r s .— E n g in e  C o n tr o l, B a la n c in g .— M o to r C y c le E n g in e s .—  

M a r in e M o to rs .— T w o - C y c le M o to r s .— P a ra f f in  C a r b u r e tto rs .— G a s P r o d u c e r s P a r t  

I I .: C A R S .— G e n e r a l A r ra n g e m e n ts .— C lu tc h e s .  — T r a n s m is s io n .  — D if f e r e n tia l G e a rs .—  

U n iv e rs a l J o in ts .— A x le s .  —  S p r in g s .  —  R a d iu s R o d s .  —  B r a k e s . —  W h e e ls .  —  F r a m e s .  —  

S te e r in g G e a r . —  R a d ia to r .  —  S te p s , M u d g u a r d s , B o n n e ts , < f c c . —  L u b r ic a t io n . —  B a ll  

B e a r in g s .— B o d ie s .— F a c to r s  o f S a f e ty .— C a lc u la tio n s  o f S tr e s s e s .— S p e c ia l  C h a n g e  S p e e d  

G e a r s .— S p e c ia l  C a r s .— C o m m e rc ia l V e h ic le s .— R a c in g  C a r s .— I n d e x .
“ T h o ro u g h ly  p r a c t ic a l  a n d  s c ie n t if ic . . . . W e  h a v e  p le a s u r e  in  r e c o m m e n d in g  i t  to  a l l .”

—Mechanical Engineer. _______

I n  M e d iu m  8 v o . H a n d s o m e  C lo th . W ith  3 0 6  I l lu s t r a t io n s . 1 5 s . n e t .

O I L  M O T O R S .
Their Development, Construction, and Management.

B y  G . L I E C K F E L D . ( A u th o r is e d E n g l is h E d it io n ) .

C o n t e n t s .— L iq u id  F u e ls  f o r P o w e r P r o d u c t io n .— D e v e lo p m e n t o f th e  P e tr o l a n d  

P a r a f t l i  M o to r s .— W o r k in g  o f th e  L a te r  P a ra f f in  a n d  P e tr o l E n g in e s .— I g n it io n  D e v ic e s .  

— E x a m p le s  o f  S ta t io n a r y  P e tr o l,  A lc o h o l ,  P a ra f f in ,  a n d  C r u d e  O il  E n g in e s .— A u to m o b ile s .  

— S 'lip , B o a t , a n d  A ir - s h ip  E n g in e s .— V e h ic le s , < fc c . , D r iv e n  b y  I n te r n a l C o m b u s tio n  

E  'g in e s .— E r e c t io n  a n d  A tte n d a n c e  o f E n g in e s D r iv e n  w ith  L iq u id  F u e l.— C o r re c t in g  

I r re g u la r i t ie s  in  K u n n in g .
“  O n e  o f th e  m o s t  c o m p r e h e n s iv e  p u b lic a tio n s  w e  h a v e  p e r u s e d , a n d  o n e  th a t  c a n  b e  

th o r o u g h ly  r e c o m m e n d e d .” — Petroleum Review.

I n  D e m y  8 v o . H a n d s o m e  C lo th . P p . i . - x i.  +  1 7 6 . W ith

1 3 0  I l lu s t ra t io n s . 6 s . n e t .

C A R B U R E T T O R S , V A P O R IS E R S , &  V A L V E S ,
used in Internal Combustion Engines.

B y  E D W A R D  B U T L E R , M .I .M e c h .E .

“  M r . B u tle r  w r ite s  w ith  a n  in tim a te  p r a c tic a l k n o w le d g e  o f  h is  s u b je c t, a n d  th e  b o o k  

i s  o n e  w e  h a v e  e v e r y  p le a s u r e  iu  r e c o m m e n d in g .” — .M e c fe a n w a Z  Engineer.

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRANEi
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WORKS BY

ANDREW  JAMIESON, M .In s t .C.E., F.R.S.E.,
Formerly Professor of Electrical Engineering, The Glas, and W. of Scot. Tech. Coll.

PROFESSOR JAM IESON ’S ADVANCED TEXT-BOOKS.

In Large Crown 8vo. Fully Illustrated.

STEAM AND STEAM-ENGINES, INCLUDING TURBINES  
AND BOILERS. For the Use of Engineers and for Students preparing  
for Examinations. W ith 800 pp., over 400 Illustrations, 11 Plates, many  

B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. S ix t e e n t h  Ed i t io n , Revised. 10s. 6d.

“ The Be s t  Bo o k  yet published for the use of Students.”—Engineer.

APPLIED M ECHANICS & M ECHANICAL ENGINEERING. 
Se v e n t h  Ed i t io n . In Five Volumes. Including All the Inst. C.E. 
Exams, in Section A, (1) Applied M echanics; (2) Strength and 

Elasticity of M aterials ; (3a) Theory of Structures ; Section B (Group ii.), 
Hydraulics ; Theory of M achines. Also B. of E.; C. and G. Questions.

Vo l . I.—Applied M echanics. Large Cr. 8vo. Pp. i.-xviii. + 382. 6s. 

,, II.—Strength of M aterials. Large Cr.8vo. Pp. i.-xviii.+264. 5s. 

,, III. - Theory of Structures. Large Cr. 8vo. Pp. i.-xviii. + 232. 5s. 

,, IV.—Hydraulics. Large Cr. 8vo. Pp. i.-xvi. + 274. 5s.

,, V.—Theory of M achines. Large Cr. 8vo. Shortly.

*,* In Five volumes, each complete in itself, and sold separately.

PROFESSOR JAM IESON ’S INTRODUCTORY M ANUALS
Crown 8vo. With Illustrations and Examination Papers.

STEAM AND THE STEAM -ENGINE (Elementary  
M anual of). For First-Year Students, forming an Introduction to the 
Author’s larger W ork. Tw e l f t h  Ed i t io n , Revised and Enlarged. 3/6. .

“ Should be in the hands of e v h r y  engineering apprentice."—Practical Engineer.

M AGNETISM AND ELECTRICITY (Practical Elementary  
M anual of). For First-Year Students. W ith Stud.Inst.C.E. and B. of E. 

Exam. Questions. E ig h t h  Ed i t io n , Revised and Enlarged. 3/6.
“ A THOROUGHLY t r u s t w o r t h y  Text-book. P r a c t ic a l  and clear.”—Nature.

APPLIED M ECHANICS (Elementary M anual of).
For First-Year Students. W ith B. of E., C. and  G.; and Stud. Inst. C.E. 
Questions. E ig h t h  Ed i t io n , Revised and Greatly Enlarged. 3/6. 

“ The work has v e r y  h ig h  q u a l it ie s , which may be condensed into the one word 
1 c l e a r .’ ”— Science and Art.

A POCKET-BOOK of ELECTRICAL RULES and TABLES.
For the Use of Electricians and Engineers. By Jo h n  M u n r o , C.E., 
and Prof. Ja m ie s o n . Pocket Size. Leather, 8s. 6d. N in e t e e n t h  

Ed i t io n . [See p. 47.
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WORKS BY W, J. MACQUORN RANKINE, LL.D, F.R.S.
Thoroughly Revised, by W. J. MILLAR, C.E. 

A MANUAL OF APPLIED MECHANICS : Comprising the 
Principles of Statics and Cinematics, and Theory of Structures, 
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo, 

Cloth. Se v e n t e e n t h  Ed it io n . 12s . 6d.

A MANUAL OF CIVIL ENGINEERING: Comprising Engin­
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &c. 
With ’ Numerous Tables and Illustrations. Crown 8vo, Cloth. 

Tw e n t y -Th ir d  Ed it io n . 16s .

A MANUAL OF MACHINERY AND MILLWORK: Com­
prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly 300 Illustrations. Crown 
8vo, Cloth. Se v e n t h  Ed it io n . 12s . 6d.

A MANUAL OF THE STEAM-ENGINE AND OTHER  
PRIME MOVERS. With a Section on Ga s , Oi l , and A i r  
En g in e s , by B r y a n  Do n k in , M.Inst.C.E. With Folding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. Se v e n t e e n t h  

Ed it io n . 12s . 6d. _____________

USEFUL RULES AND TABLES: For Architects, Builders, 
Engineers Founders, Mechanics, Shipbuilders, Surveyors, &c. With 
Appe n d ix  for the use of E l e c t r ic a l  En g in e e r s . By Professor 
Ja m ie s o n , M.Inst.C.E., M.LE.E. Se v e n t h  Ed it io n . 10s . 6d. 

A MECHANICAL TEXT-BOOK: A Practical and Simple 

Introduction to the Study of Mechanics. By Professor Ra n k in e  
and E. F. Ba m b e r , C.E. With Numerous Illustrations. Crown 

8vo, Cloth. F i f t h  Ed it io n . 9s .

* * The “ Me c h a n ic a l  Te x t -Bo o k  ” was designed by Professor Ha n k in b  as an In t b o - 

.a u c t io n  to the ubove Series of Manuals.

MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera­

ture, Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Energy and its Transformations. Part III. Wave-Forms, 
Propulsion of Vessels, &o. With Memoir by Professor Ta i t , M.A. 
With tine Portrait on Steel, Plates, and Diagrams. Royal 8vo.

Cloth. 31s. 6d.
•• No more enduring Memorial of Professor Rankine ■could^devised than the puM«* 

tion of these naners in an accessible form. . . . The Collection is most yaluaoie on 
Xunt of ^nature of his discoveries, and the beauty and completeness of his analysis.

—A rchitect. __
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Th ir d  Ed it io n , Thoroughly Revised and Enlarged. With 60 Plates and 
Numerous Illustrations. Handsome Cloth. 34s.

HYDRAULIC POWER
AND

HYDRAULIC MACHINERY.
Bv HENRY ROBINSON, M.In s t .C.E., F.G.S.,

FELLOW OK KING’S COLLEGE, LONDON ; PROF. EMERITUS OF CIVIL ENGINEERING, 

k in g ’s COLLHGK, HTC., BTC.

Co n t e n t s  —Discharge through Orifices.—Flow of Water through Pipes.—Accumulators. 
-Presses and Lifts.—Hoists.—Rams.—Hydraulic Engines.—Pumping Engines.—Capstans. 
— Traversers.—Jacks.—Weighing Machines. — Riveters and Shop Tools. — Bunching, 
Shearing, and Flanging Machines.—Cranes.— Coal Discharging Machines. —Drills and 
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels and Turbines.—Shields. — Various Systems and Power Installations — 

Meters, &c.—In d e x .
“The standard work on the application of water power.”—Cassiers Magazine.

‘Second Edition, Greatly Enlarged. With Frontispiece, several 
Plates, and over 250 Illustrations. 21s. net.

THE PRINCIPLES AND CONSTRUCTION OF

PUMPING MACHINERY  
(STEAM AND WATER PRESSURE).

With Practical Illustrations of En g in e s  and Pü m  es applied to Min in g ,. 
To w n  Wa t e r  Su ppl y , Dr a in a g e  of Lands, &c., also Economy 

and Efficiency Trials of Pumping Machinery.

By HENRY DAVEY, 
Member of the Institution of Civil Engineers, Member of the Institution of 

Mechanical Engineers, F.G.S., &c.

Co n t e n t s  —Early History of Pumping Engines—Steam Pumping Engines— 
Pumps and Pump Valves—General Principles of Non-Rotative lumping 
Engines—The Cornish Engine, Simple and Compound—Types of Mining 
Engines—Pit Work-Shaft Sinking—Hydraulic Transmission of Power in 
Mines—Electric Transmission of Power—Valve Gears of 1 umping Engines 
— W  ater Pressure Pumping Engines — Water Works Engines —  Pumping 
Engine Economy and Trials of Pumping Machinery—Centrifugal and other 
Low-Lift Pumps—Hydraulic Rams, Pumping Mains, &c.—In d e x .

“Bv the ‘one English Engineer who probably knows more about Pumping Machinery 
than ANY OTHKR.’ . A VOI.ÜMK RECORDING THE RESULTS OF LONG EXPERIENCE AND

s t u d y .”—The Engineer. _______ ___ _________

In Large Crown 8vo. Handsome Cloth. Fully Illustrated.

SEA WATER DISTILLATION.
By  FRANK NORMANDY, of the Middle Temple, Barrister-at-Law.

■'■Co n t e n t s .—Distilling Machinery.—Sea Water.—Steam.—Multiple Distillation.—1 he 
Pvanorator.—The Distilling Condenser.—Pumping Machinery.—Useful Memoranda .
ThePFilter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning, 

Overhauling, &c.—In d e x . ------ .

In Handsome Cloth. With 11 Folding Tables. 

e x pe r im e n t a l  in v e s t ig a t io n s  o n  t h e po w e r  r e q u ir e d  t o  d r iv e  

ROLLING mil l s . 
Tr a n s l a t e d f r o m t h e Ge r m a n o f J. PUPI’K.

LONDON7CHARLES GRIFFIN & CO., LIMITED, EXETER STREET STRAND-
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In  L a rg e 8 v o . H a n d so m e C lo th . P ro fu se ly  I llu s tra te d . In  T w o  

V o l u m e s , E ac h  C o m p le te in  itse lf , a n d  S o l d  S e p a r a t e l y .

THE DESIGN
AND

C O N S T R U C T IO N O F S H IP S .
B y  JO H N  H A R V A R D  B IL E S , M .In s t .N .A .,

P ro fe sso r  o f  N a v a l A rch itec tu re  in  G la sg o w  U n iv e rs ity .

V o lu m e I .— C A L C U L A T IO N S  A N D  S T R E N G T H . W ith 3 6 F o ld in g  

P la te s , a n d 2 4 5 o th e r I llu s tra tio n s . C o m p le te in  itse lf , w ith  

In d e x . 2 5 s . n e t.

C o n t e n t s .— P a r t  I .— A re a s, V o lu m e s , a n d  C e n tre s  o f  G ra v ity . P a r t  II.— S h ip  
C a lc u la tio n s . P a r t  III .— S tre n g th  o f S h ip s.

“ N o  te a c h e r o f n a v a l a rc h ite c tu re  n o r sc ie n tif ic a lly -e q u ip p ed  s tu d e n t o f th e  sa m e  

u b jee t c a n  a ffo rd  to  b e  w ith o u t it ... A  w o rk  w ith  u p  to -d a te  in fo rm a tio n  w h c ih  . 
w ill d o u b tle ss  re m a in  th e  s ta n d a rd  fo r  m a n y  y e a rs .” — Times’ Engineering Supplement.

V o lu m e II., d e a lin g  w ith  S ta b ility , W a v e s , O sc illa tio n s , R e s is ta n c e  a n d  

P ro p u ls io n , D e sig n a n d C o n s tru c tio n , is in a c tiv e p re p a ra tio n , a n d  

w ill b e  re a d y  v e ry  sh o rtly .

BY PROFESSOR BILES.

LECTURES ON THE MARINE STEAM TURBINE.

With 131 Illustrations. Price 6s. net.

S e e p a g e 2 8 .

Houal Svo, Handsome Cloth. With numerous Illustrations and Tables. 25s.

T H E S T A B IL IT Y  O F S H IP S .

B y  S i r  E D W A R D  J . R E E D . K ;C .B ., F .R .S ., M .P .,

KNIGHT OF TH! IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSKPH OF 

AUSTRIA ; MKDJIDIB OF TURKEY ; AND RISING SUN OF JAPAN J VICB­

PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS.

“  S ir E d w a r d  R e e d ’s  ‘ S t a b i l i t y  o f  S h i p s  ’ is  i n v a l u a b l e . T h e  N a v a l  A r c h i t k c t  

w ill f in d  b ro u g h t to g e th er  a n d  re a d y  to  h is  h a n d , a  m a ss  o f in fo rm a tio n  w h ic h  h e  w o u ld  o th e r­

w ise  h a v e  to  see k in a n  a lm o st e n d less  v a rie ty  o f p u b lic a tio n s , a n d  so m e  o f w h ic h  h e  w o u ld  

p o ssib ly  n o t b e  a b le  to  o b ta in  a t  a ll e lse w h e re .” — Steamship.

In  C ro w n 8 v o . H a n d so m e C lo th . F u lly  I llu s tra te d .

H Y D R O G R A P H IC S U R V E Y IN G .
F o r th e U se o f B e g in n e rs , A m ate u rs , a n d  P o rt a n d  

H a rb o u r M a sters .

B y  C O M M A N D E R S . M E S S U M , R .N .,

In s tru c to r in  N a u tic a l S u rv e y in g , R .N . C o lle g e , G re e n w ic h .

C o n t e n t s .— S e x ta n t.— P ro tra c to r .—  S ta tio n P o in te r .  — T h e o d o lite . —  P ro je c tio n s .-  

S y m b o ls a n d  A b b re v ia tio n s .— P lo ttin g  a n d  T ria n g u la tio n o f a  S m a ll P la n .— M a st-h e a d  

A n g le  S u rv e y .— M e rid ia n  D is ta n c e s .— A p p e n d i x .— I n d e x .

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND
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W O R K S B Y T H O M A S W A L T O N ,

N A V A L A R C H IT E C T .

F o u r t h  E d i t i o n . I llu s tra ted w ith P la te s , N u m ero u s D iag ram s, an d  

F ig u res in the T ex t. 1 8 s . n e t.

S T E E L S H IP S :
T H B IK C O N S T R U C T IO N A N D M A IN T E N A N C E .

A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers.

B y  T H O M A S W A L T O N , N a v a l  A r c h i t e c t , 
AUTHOR OF “ KNOW YOUR OWN SHIP.”

C o n t e n t s .— I . M an u fac tu re o f C ast Iro n , W ro u g h t Iro n , an d  S tee l.— C o m ­

p o sitio n  o f Iro n  an d  S tee l, Q u a lity , S tren g th , T ests, & c. II. C lassifica tio n  o f  

S tee l  S h ip s . III. C o n sid era tio n s  in  m ak in g  ch o ice  o f  T y pe  o f  V esse l.— F ram in g  

o f S h ip s . IV . S tra in s ex p e rien ced  b y S h ip s .— M eth o d s o f C o m p u tin g an d  

C o m p arin g  S tren g th s  o f S h ip s . V . C o n stru c tio n  o f S h ips .— A lte rn a tiv e  M o d es  

o f C o n stru c tio n .— T y p es o f V esse ls .— T u rre t, S e lf T rim m in g , an d T ru n k  

S team ers , & c.— R iv e ts  an d  R i  v e ttin g , W o rk m an sh ip . V I. P u m p in g  A rran g e  

m en ts . V II. M ain ten an ce .— P rev en tio n o f D ete rio ra tio n in th e H u lls o f  

S h ip s .— C em en t, P a in t, & c.— In d e x .
S o  th o ro u g h an d  w ell w ritten  is  ev e ry  ch ap te r in th e b o o k  th a t it 1 »  d i.li  cu lt to  se lec t 

an y  o f  th em  as  b e in g  w o rth y  o f  ex cep tio n a l p ra  so . A lto g eth er, th e  w o rk  is  ex ce llen t, an d  

w ill p ro v e  o f  g rea t v a lu e  to  th o se  fo r w h o m  I t is  in ten d ed .” —  The Engineer.

In  H an d so m e  C lo th . V ery  fu lly  I llu s tra ted . 7 s . 6 d . n e t.

PRESENT-DAY SHIPBUILDING.
For Shipyard Students, Ships' Officers, and Engineers.

B y  T H O S . W A L T O N .

G e n e r a l  C o n t e n t s .— C lass ifica tio n .— M ate ria ls u sed  in  S h ip b u ild in g .—  

A lte rn a tiv e M o d es o f C o n stru c tio n .— D eta ils o f C o n stru c tio n .— F ram in g , 

P la ting , R iv e ttin g , S tem F ram es , T w in -S c rew  A rran g em en ts , W ate r  

B alla s t A rran g em en ts, L o ad in g an d D isch a rg in g G ear, & c.— T y p es o f  

V esse ls, in c lu d in g  A tlan tic  L in e rs , C arg o  S team ers , O il ca rry in g  S team ers ,  

T u rre t an d  o th e r S e lf T rim m in g  S team ers, & c.—  In d e x .

“  S im p le lan g u ag e . . . c lea r an d eas ily fo llo w ed illu stra tio n s .”  —  Times 
Engineering Supplement.

“  W e  h ea rtily  reco m m en d  it to  a ll w h o  h av e  to  d o  w ith  sh ip s .” — Steamship.

E l e v e n t h  E d i t i o n . Illustrated. Handsome Cloth, Crown 8vo. 7s. 6d.

T h e C h ap ters o n  T o n n ag e an d  F reeb o a rd  h av e b een b ro u g h t th o ro u g h ly  
u p  to  d a te , an d  em bo d y  th e la tes t (1 9 06 ) B o ard o f T rad e R eg u la tio n s o n  
th e se su b jec ts.

K N O W  Y O U R O W N S H IP .
B y  T H O M A S W A L T O N , N a v a l  A r c h i t e c t .

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others,

C o n t e n t s . —  D isp lacem en t an d D ead w eig h t. —  M o m en ts . —  B u o y an c y . —  S tra in . —  
S tru c tu re . —  S tab ility .  —  H o llin g .—  B alla s tin g .  —  L o ad in g .— S h iftin g  C arg o es .— E ffec t o f  
A d m iss io n  o f W ate r in to  S h ip .— T rim  T o n n ag e .— F reeb oa rd  (L o ad -lin e).— C alcu la tio n s .—  
S e t o f C alcu la tio n s  fro m  A ctu a l D raw in g s .—  In d e x .

“  T h e  w o rk  is  o f  th e  h ig h es t v a lu e , an d  a ll w ho  g o  d o w n  to  th e  sea  in  sh ip s  sh o u ld  m ak e  th em ­
se lv es  acq u a in ted  w ith  it.” —  Shipping World (o n  th e  n ew  ed itio n ).

LONDON: CHARLES GRIFFIN & GO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN ’S NAUTICAL SERIES.
Ed it e d  b y EDW . BLACKMORE, 

Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A.;

An d  W r it t e n , m a in l y , by Sa i l o r s  for Sa i l o k s .

“Th is  a d m ir a b l e  s e r ie s .”—Fairplay. “A v e r y  u s e f u l  s e r ie s ."—Nature.

“Ev e r y  Sh ip should have the w h o l e  Se r ie s  aa a Re f e r e n c e  L ib r a r y . Ha k d - 
'90MKLY b o u n d , c l e a r l y  p r in t e d  and i l l u s t r a t e d .”—Liverpool Journ. of Commerce.

The British Mercantile Marine : An Historical Sketch of its Rise
and Development. By the Ed it o r , Ca p t . B l a c k m o r e . 3s . 6d.
“  Captain Blackmore’s s p l e n d id  BOOK . . . contains paragraphs on every point 

or Interest to the Merchant Marine. The 243 pages of this book are THE MOST Va l u - 
a b l e  to the sea captain that have e v e r  been c o m p il e d .”—Merchant Service Review.

Elementary Seamanship. By D. W i l s o n -Ba r k k r , Master Mariner, 
F.R.S.E., F.R.G.S. W ith numerous Plates, three in Colours, and frontispiece. 
J1/™ 1 ®DITI0N > Thoroughly Revised. W ith new  Chapter on Clouds. 6s. net.

fnis ADMIRABLE MANUAL, by CAPT. W ILSON BARKER, of the ‘W orcester,' seems 
’to US PERFECTLY DESIGNED.”—Athenæum.

Snow Youp Own Ship : A Simple Explanation of the Stability, Con­
struction, Tonnage, and Freeboard of Ships. By Th o s . W a l t o n , Naval Architect. 
E l e v e n t h  Ed it io n . 7s . 6d.
“M r . W a l t o n ’S book will be found v e r y  u s e f u l .”—The Engineer.

Navigation : Theoretical and Practical. By D. W i l s o n -Ba k k b k  
and W i l l ia m  A l l in g h a m . Se c o n d  Ed it io n , Revised. 3s. 6d.

z. “PRECISELY the kind of work required for the New Certificates of competency. 
Candidates will find it in v a l u a b l e .”—Dundee Advertiser.

Marine Meteorology : For Officers of the Merchant Navy. By 
W i l l ia m  A l l in g h a m , First Class Honours, Navigation, Science and Art Department. 
W ith Illustrations and Maps, and facsimile reproduction of log page. 7b . 6d. 
“ Quite the b e s t  p u b l ic a t io n  on this subject.”—Shipping Gazette.

Latitude and Longitude : How to find them. By W . J. M i l l a r  
C.E. Se c o n d  Ed it io n , Revised. 2s.
“ Cannot but prove an acquisition to those studying Navigation.’’—Marine Engineer

Practical Mechanics : Applied to the requirements of the Sailor. 
By Th u s . Ma c k e n z ie , Master Mariner, F.R.A.S. Th ir d  Ed it io n , Revised. 3s 6<i 
“ wELL W ORTH the money . . . EXCEEDINGLY HELPFUL.”—Shipping World.

Trigonometry  : For the Young Sailor, &c. By R ic h . C. Bu c k , of the 
Thätnes Nautical Training College, H.M.S. “ W orcester." Th ir d  Ed it io n , Revised. 
Price 3s. 6d.

“ This e m in e n t l y  p r a c t io a l  and reliable volume.”—Schoolmaster.

Practical Algebra. By R ic h . C. Bu c k . Companion Volume to the 
“boye, lor Sai*ors and others. Se c o n d  Ed it io n , Revised. Price 3s. 6d.

It is j u s t  t h e  b o o k  for the young  sailor mindful of progress.”—Nautical Magazine.

The Legal Duties of Shipmasters. By Be n e d ic t  W m . G in s b u r g , 
M.A., LL.D., of the Inner Temple and Northern Circuit; Barrister-at-Law. SECOND  
Ed it io n , Thoroughly Revised and Enlarged. Price 4b . 6d.
“ In v a l u a b l e  to masters. . . . W e can fully recommend it ’—Shipping Gazette.

A Medieal and Surgical Help for Shipmasters. Including First
Aid at Sea. By W m . Jo h n s o n  Sm it h , F.R.C.S., Principal Medical Officer, Seamen’s 
Hospital, Greenwich, Th ir d  Ed it io n , Thoroughly Revised. 6s.
“So u n d , j u d ic io ü s , r e a l l y  h e l p f u l ."—The Lancet.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S NAUTICAL SERIES.

Introductory Volume. Price 8s. 6d.

THE

British M ercantile M arine.
By  EDW ARD BLACKMORE,

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS;

MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN’S "NAUTICAL SERIES."

Ge n e r a l  Co n t e n t s .—H i s t o r ic a l  : From Early Times to 1486— Progress 
ander Henry VIII.-To Death of M ary-During Elizabeth ’s Reign-Up to 
the Reign of W illiam III.— The 18th and 19th Centuries— Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade -Shipping Legislation, 1862 to 1875— “ Loeksley Hall ” Case - 
Shipmasters ’ Societies—Loading  of Ships— Shipping Legislation, 1884 to 1894—  
Statistics of Shipping. Th e  Pe r s o n n e l : Shipowners-Officers - M ariners—  
Duties and Present Position. Ed u c a t io n  : A Seaman’s Education : what it 
should be— Present M eans of Education— Hints. D i s c ip l in e  a n d  Du t y —  
Postscript—The Serious Decrease in the Number of British Seamen, a M atter 
demanding the Attention of the Nation.

“ In t e r e s t in g  and In s t r u c t iv k . , . may be read w it h  p r o f i t  and e n j o y m e n t .’ 
Slasgow Herald.

“ Ev e r y  b r a n c h  of the subject is dealt with in a way which shows that the wriier 
* Knows the ropes' familiarly.”—Scotsman.

“This a d m ir a b l e book . . , t e r m s with useful information—Should be in th. 
lands of every sailor.”—  Western Morning News.

F i f t h  Ed it io n , Thoroughly Revised. With Plates (3 Coloured) 

and 60 Illustrations in the Text and new Chapter on Clouds. 

Price 6s.
A MANUAL OF

ELEM ENTARY SEAM ANSHIP.
BY

D. W ILSON-BARKER, M a s t e r  M a r in e r ; F.R.S.E., F.R.G.S.,&c., <fco. 
YOUNGER BROTHER OF THE TRINITY HOUSE.

G e n e r a l  Co n t e n t s .— The Building of a Ship: Parts of Hull. M asts, 
&c.— Ropes Knots, Splicing. &c. — Gear, Lead and Log, &c. - Rigging^ 
Anchors —  Sailmaking —  The Sails, &c — Handling of Boats under Sail —  
Signals and Signalling— Rule of the Road— Keeping and Relieving W atch- 
Pointe of Etiquette Glossary of Sea Terms and Phrases— Index.

The volume contains the n e w  r u l e s  o f  t h e  r o a d .

“This a d m ir a b l e  m a n v a l , by Oa p t . W i l s o n -Ra k k k r  of the ‘W orcester,’ seems to u» 
?BKFK<rrLv o r h ig n k d  and holds it* place excellently in ‘G r i f f in 's  N a o t k m l  Se r ie s .' . . 
Although intended for those who are to become Officers of the M erchant Navy, it will be 
found useful by a l l  y a c h t s m e n .’’—  Athmæum

*** For complete List of (Ik if f in ’b  N a u t ic a l  Se r ie s , see p. 39,

LCNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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S e c o n d  E d i t io n , Revised and Illustrated. Price 3s. 6d.

N A V IG A TIO N:
PRACTICAL AKO THEORETICAL.

B y  D A V ID W ILSON -BA RK ER, R.N .R ., F.R .S.E., & c., & o.,

AND

W ILLIA M A LLIN G H A M ,
FIK8T-CLA8S HONOURS, NAVIGATION, SCIENCE AND ART DEPARTMENT.

U G Utb laum erous Jlluøtrationø anö Exam ination <ueøtionø.

G e n e k a l  C o n t e n t s .— D efinitions— Latitude and Longitude— Instrum ent«  
of N avigation— Correction  of Courses— Plane Sailing— Traverse Sailing— D ay ’s 
W ork  —  Parallel Sailing— M iddle Latitude Sailing  —  M ercator ’s Chart—  
M ercator Sailing— Current Sailing— Position by  Bearings— G reat Circle Sailing 
— The Tides— Q uestions— A ppendix: Com pass Error— N um erous U seful H ints

— Index.

*  P r e c i s e l y  the kind of w ork required  for the  N ew  Certificates  of com petency  in  grade*  
from  Second M ate to  extra M aster. . , . Candidates w ill find it i n v a l u a b l e . "—Dundee 
Advertiser.

*  A c a p i t a l  l i t t l e  b o o k , . . specially adapted to the N ew Exam inations. The 
A uthors are  O a p t . W i l s o n -B a r k e r  (Captain-Superintendent of the N autical College. H .M .8. 
‘W orcester,’ w ho has had great experience in the highest problem s of N avigation), and  
M r . A l l i n g h a m , a  w ell-know n  w riter on  the  Science  of N avigation  and  N autical A stronomy."  
—Shipping World.

Handsome Cloth. Fully Illustrated. Price 7s. 6d.

M A RIN E M ETEO RO LO G Y ,
FOR O FFICERS O F TH E M ERCHA NT N A V Y.

B y  W ILLIA M A LLIN G H A M ,

Joint A uthor of “N avigation, Theoretical and Practical.”

W ith num erous Piares, M aps, D iagram s, and  Illustrations, and  a  facsim ile 

Reproduction of a Page from  an actual M eteorological Log-Book.

SUM M ARY O F CO NTENTS.

In t r o d u c t o r y .— Instrum ents U sed at Sea for M eteorological Purposes.— M eteoro­
logical Log-Books.— A tm ospheric Pressure.— A ir Tem peratures.— Sea Tem peratures.—  
W inds.— -W ind Force Scales.— H istory  of the Law of Storm s.— H urricanes, Seasons, and  
Storm Tracks.— Solution of the Cyclone Problem .— O cean Currents.— Icebergs.— Syn­
chronous Charts.— D ew , M ists, Fogs, and H aze.— Clouds.— Rain, Snow , and H ail.—  
M irage, Rainbow s, Coronas, H alos, and M eteors.— Lightning, Corposants, and  A uroras.—  
Q u e s t io n s .— A p p e n d ix .— In d e x .

*  Q uite the b b s t  publication, a n d  certainly the m o s t  i n t e r e s t in g , on this subject ever 
© resented  to  N autical m en.”— Shipping Gazette.

*  #* For Com plete List of G h t f f in ’s  N a u t i c a l  Se r i e s , see p. 39,
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G RIFFIN ’S N A U TICA L SERIES.
Th ik d  Ed it io n , R e v is e d . W ith N um erous Illustrations. Price 3s. 6d.

PRA CTICA L M ECHA N ICS:
A pplied to the Requirem ents of the Sailor.

B y  TH OS. M A CKEN ZIE, Master Mariner, F.fi.A.S.
G e n e r a l  Co n t e n t s .— Resolution and Com position of Forces—  W ork  done 

by M achines and Living A gents— The M echanical Pow ers : The Lever , 
D erricks as Bent Levers— The W heel and A xle: W indlass; Ship ’s Capstan ; 
Crab W inch— Tackles: the “O ld M an”— The Inclined Plane; the Screw —  
The Centre of G ravity of a Ship and Cargo  —  Relative -Strength of Rope : 
Steel W ire, M anilla, H emp, Coir— D erricks and Shears— Calculation of the 
Cross-brealting Strain of Fir Spar— Centre of Effort of Sails— H ydrostatics : 
the D iving-bell; Stability of Floating  Bodies ; the Ship ’s Pum p, & c.

*  W e l l  w o r t h  the m oney . . . w ill be found e x c e e d in g l y  h e l p f u l .”—  
Shipping World.

“  N o Sh ip s ’ O f f ic e r s ’ b o o k c a s e w ill henceforth be com plete w ithout 
C a p t a in  M a c k e n z ie ’s  ‘ P r a c t ic a l  M e c h a n ic s . ’ N otwithstanding m y m any  
years ’ experience at sea, it has told m e how much more there is to acquire.”— 
(Letter to the Publishers from  a M aster M ariner).

W O RK S BY RICH A RD C. BU CK ,
of  the Tham es N autical Training  College, H .M .S. ‘ W orcester.  ’

A MANUAL OF TRIGONOMETRY:
With Diagrams, Examples, and Exercises. Price 3s. 6d.

Th i r d  Ed i t io n , Revised and Corrected.

*  #* M r. Buck ’s Text-Book has been s p e c ia l l y  p r e p a r e d  w ith a view  

to the Examinations of the Board of Trade, in w hich Trigonom etry 

is an obligatory subject.
“This e m in e n t l y  p r a c t ic a l  and r k l ia b l e  V O LU M E.’'—Schoolmaster.

A MANUAL OF ALGEBRA.
Designed tn meet the Requirements of Sailors and others.

Se c o n d  E d it io n , Revised, Price 3s. 6d.

* ,*  These elementary w orks on a l g k b k a  and t r ig o n o m e t r y  are w ritten specially for 
those w ho  w ill have little opportunity  of consulting  a Teacher. They  are books for “ s e i .t - 
H BLP." A ll but the sim plest explanations have, therefore, been avoided, and a n s w e r s  t«  
the Exercises are  given. A ny  person m ay readily, by careful study, becom e m aster of their 
contents, and thus lay the foundation for a further m athem atical course, If desired. It is 
hoped that to the younger O fficers of our M ercantile M arine they w ill be found decidedly 
serviceable. The Exam ples and Exercises are taken from the Examination Papers set for 
the O adets of the “  W orcester.”

“O learly arranged, and w ell got up. ... A first-rate Elem entary A lgebra."—  
Nautical Magazine.

Se c o n d  Ed it io n , Revised. W ith D iagrams. Price 2s. 

LA TITUD E A N D LO N G ITU DE : H ow to Find them . 
B y W . J. M ILLA R, C.E., 

Late Secretary to the Inst, of Engineers and Shipbuilders in Scotland.

“  Co n c is e l y  and c l e a r l y  w r it t e n  . . . cannot but prove an acquisition  
to those studying  N avigation.”— Marine Engineer.

“ Y oung Seam en w ill find it h a n d y  and u s e f u l , s im p l e  and c l e a r .”—  The 
Engineer.

***For com plete List of G r i f f in 's  N a u t ic a l  Se r ie s , see d . 39.
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Se c o n d  Ed i t io n , Revised and Extended. In Crown 8vo. Price 4s. 6d.

THE LEGAL DUTIES OF SHIPM ASTERS.
B y  BENEDICT W M . GINSBURG, M .A., LL.D. (Ca n t a b .),

Of the Inner Temple and Northern Circuit; Barrteter-at-Law.

General Contents.— The Qualification for the Position of Shipmaster— The Con­
tract with the Shipowner— The M aster’s Duty in respect of the Crew : Engagement; 
Apprentices ; Discipline ; Provisions, Accommodation, and M edical Comforts ; Payment 
of w  ages and Discharge— The M aster's Duty in respect of the Passengers— The M aster's 
Financial Responsibilities— The M aster’s Duty in respect of the Cargo— The M aster's 
Duty in Case of Casualty— The M aster’s Duty to certain Public Authorities— The 
M aster’s Duty in relation to Pilots, Signals, Flags, and Light Dues— The M aster’s Duty  
upon Arrival at the Port of Discharge— Appendices relative to certain Legal M atters : 
Beard of Trade Certificates, Dietary  Scales, Stowage of Grain Cargoes, Load Line Regula­
tions, Life-saving Appliances, Carriage of Cattle at Sea, <fco., &c.— Copious Index.

“  No intelligent M aster should fail to add this to his list of necessary books. A  few  Une» 
of It may s a v e  a  l a w y e r ’s  k e f , b e s id e s  e n d l e s s  w o r r y .”— Liverpool Journal of Commerce.

FIRST AID AT SEA.

Th ir d  Ed i t io n , Revised. W ith Coloured Plates and Numerous Illustra­
tions, and comprising the latest Regulations Respecting the Carriage 

of Aledical Stores on Board Ship. Price 6s.

A M EDICAL AND SURGICAL HELP
FOR SHIPMASTERS AND OFFICERS

IN THE MERCHANT NAVY.

B y W M . JOHNSON SM ITH, F.R.O.S.,
Principal M edical Officer, Seamen ’s Hospital, Greenwich.

•»* The attention of all interested in our M erchant Navy is requested  to  this exceedingly 
useful and valuable work. It is needless to say that it is the outcome of many years 
p r a c t ic a l  e x p e r ie n c e  amongst Seamen.

“So u n d , j u d ic io u s , r e a l l y  h e l p f u l  "—The Lancet.

E l e v e n t h  Ed i t io n . Revised, with Chapters on Trim, Buoyancy, and 
Calculations. Numerous Illustrations. Handsome Cloth, Crown 8vo. 
Price 7s. 6d.

KNOW YOUR OW N SHIP.
B y  THOM AS W ALTON, N a v a l  A r c h it e c t .

Specially arranged to suit the requirements of Ships’ Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others.

This work explains, in a simple manner, such important subjects as:— Displacement.—  
Deadweight.— Tonnage.— Freeboard. —  M oments.  —  Buoyancy.— Strain.— Structure. Stab­
ility.— Rolling.— Ballasting. —  Loading. —  Shifting Cargoes. —  Admission of W ater.— Sail 

“The little book will be found e x c e e d in g l y  b a n d t  by most officers and officials connected  
with shipping. . . . M r. W alton ’s work will obtain l a s t in g  s u c c e s s , because of its unique 
fitness for those for whom  it has been written."—Shipping World.

BY THE SAME AUTHOR.

STEEL SHIPS: Their Construction and M aintenance.
(See page 38.)

*#* For Complete List of Gb if f in ’s  N a u t ic a l  Se r ie s , see p. 39.
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S ix t e e n t h  Ed i t io n , Thoroughly Revised. Large Svo, Cloth, 
pp. i-xxiv  +  712. With 250 Illustrations, reduced from 

Working Drawings, and 8 Plates. 21s. net.

A MANUAL OF

M A RIN E EN G IN EERIN G :
CO M PRISIN G TH E D ESIG NIN G, CO N STRU CTIO N, A ND  

W O RK IN G O F M A RIN E M A CH IN ERY.

By A .E. SEA TO N , M .I.M eeh.E., M .LN .A .

G e n e r a l  C o n t e n t s . —  P a r t  I.— Principles of M arine Propulsion. 
P a r t  II. —  Principles of Steam Engineering. P a r t  III.  —  D etails of 
M arine Engines : D esign and Calculations for Cylinders, Pistons, V alves, 
Expansion V alves, & c. P a r t  IV .—  Propellers. Pa r t  V .— Boilers ’ 
P a r t  V I.— M iscellaneous.

“The Student, D raughtsm an, and Engineer w ill find this w ork the m o s t  v a l v a b l » 
H a n d b o o k  of Reference on the M arine Engine now  in existence.”— Marine Engineer.

Te n t h  Ed i t io n , Thoroughly Revised. Pocket-Size, Leather. 8s. 6d. 

A PO CKET-BO OK O F

M A RIN E EN G IN EERIN G RU LES A N D TA BLES,
FOR THE USK OF

M arine Engineers, N aval A rchitects, D esigners, D raughtsm en  
Superintendents and O thers.

B y  A . E. SEA TO N , M .I.O.E., M .I.M eeh.E., M .LN .A .,
AND

H . M . RO U N THW A ITE, M .I.M eeh.E., M .I.N .A .
“  The best book of its kind, and  the inform ation is both  up-to-date and  reliable ’ —  

Engineer.

In Large 8vo. H andsom e Cloth. W ith Frontispiece, 6 Plates, 
65 other Illustrations, and 60 Tables. 12s. 6d. net.

THE SCREW JP> R O F» E U T. E R 
A nd other Com peting Instruments for M arine Propulsion.

B y  A . E. SEATO N, M .In s t .C .E., M .I.M e c h .E ., M .I.N .A.

“Containsall that is useful to know  about the screw  propeller, 
up-to-date.”— /steamship.

Thoroughly

In Pocket Size. W ith 368 Pages. 3s. 6<1. net. 

EN GLISH -SPA N ISH  and SPA N ISH -ENG LISH.

SEÄ TERMS AND PH RASES.

B y  F l e e t -Pa y m a s t e r  G RA H AM -H EW LETT.

“M ost com plete . . . useful . . , w e can heartily  recom m end  it.”— Steamship.

In Crown 8vo. H andsom e Cloth. M any D iagram s. ‘2s, 6d. net. 

D EFIN ITIO N S IN N A V IGA TION A N D N AU TICA L A STRO NO M Y. 

B y P. G ROV ES-SHO W ELL, 
Head of the N avigation D epartm ent, L.C.C. School, Poplar.

“M r. G roves-Show ell w rites w ith a full know ledge of his subject, and w ith adm irable 
clearness, —shipbuilder.

tONDON: CHARLES GRIFFIN & GO., LIMITED, EXETER STREET, STRAND.
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S e c o n d  E d i t i o n , Revised. In Crown 8vo , extra, with Diagrams 

and Folding-Plate. 7s. 6d . net.

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 
IN T E G R A T IO N  A N D  D IF F E R E N T IA T IO N ,  

W ith A pplica tions to T echn ica l P rob lem s;
A N D

C L A S S IF IE D  R E F E R E N C E L IST O F IN T E G R A L S .

B y  P R O F. R O B E R T H . S M IT H , A .M .In s t .C .E ., M .I.M e c h .E ., & c .

** In teresting  d iag ram s, w ith  prac tical illu strations  of actua l occu rrence , are  to  be  found here  
in abundance . T h b  v b b y  c o m p l b t b  c l a s s i f i e d  r e f e r e n c e  t a b l i w ill prove very usefu l In  
sav ing  the  tim e  of those  w ho  w an t an  in teg ra l in  a  hurry .”—  The Engineer.

In 4to, Boards. 7s. 6d.

MEASUREMENT CONVERSIONS
(E ng lish and F rench ) :

43 G R A P H IC T A B L E S O R D IA G R A M S , O N 28 P L A T E S .

S how ing at a g lance the M u t u a l  C o n v e r s i o n  of M e a s u r e m e n t s  

in D i f f e r e n t  U n i t s

O £ L eng ths, A reas, V olum es, W eigh ts , S tresses, D ensities , Q uan tities  

of W ork , H orse P ow ers, T em pera tu res, & o.

For the use of Engineers, Surueyors, Architects, nnd Contractors.

B y  P R O F . R O B E R T H . S M IT H , A .M .In s t .C .E ., M .I.M e c h .E ., & c .

* ,*  T hese T a b l e s  fo rm  the m ost un ique and con .pæ hensive co llection  

ever p laced  befo re  the  pro fession . B y  the ir use  m uch tim e  and labou r w ill 

be saved , and  the  chances of  erro r in  calcu la tion d im in ished .

T h i r d  E d i t i o n . P ocket S ize , L eather L im p , w ith G ilt E dges and  R ounded  C orners, 
prin ted  on  S pecia l T hin  P aper, w ith  Illu stra tions, pp . i-x ii +  834 . P rice  18s. net.

(THE NEW “ NYSTROM ”)

THE MECHANICAL ENGINEER’S REFERENCE BOOK.

B y  H E N R Y  H A R R IS O N  S U P L E E , B .S c., M .E .
‘•W e  fee l su re  it w ill be  of grea t serv ice  to  m echan ica l eng ineers .”— Engineering.

THE STUDENT’S MECHANICS:
A n In troduction to the S tudy of F orce and  M otion .

B y  W A L T E R R . B R O W N E , M .A ., M .In s t .C .E .

W ith  D iag ram s. C row n  8vo . C lo th , 4s. 6d .

"  C lear in  sty le  and  practica l in  m ethod , ‘T h b  S t u d e n t ’s  M e c h a n i c s ’ is co rd ia lly  to  be  

recom m ended  from  all po in ts of  v iew .”— Athenæum.

B y  t h e  S a m e  A u t h o r .

FOUNDATIONS OF MECHANICS.
P apers rep rin ted  from  the Engineer. In  C row n 8vo , is .

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, 8TRANB,
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ELECTRICAL ENGINEERING.
S e c o n d  E d i t i o n , Revised. In Large ivo. Handsome Cloth. Projusely- 

Illustrated with Plates, Diagrams, and Figures. 245, net.

C E N T R A L E L E C T R IC A L ST A T IO N S:
T heir D esign , O rganisation , and M anagem ent.

B y  C H A S. H . W O R D IN G H A M , A .K .C ., M .In s t .C .E ., M . In s t .M e c h .E .
L ate M em b. of  C ouncil Inst. E . E ., and E lectrical E ngineer to  the  C ity  of M anchester ; 

E lectrical E ngineer-in-C hief to  the A dm iralty .

O ne  of the m o s t  v a l u a b l e  c o n t r i b u t i o n s  to C entral Station  literature  w e have hadh  
for som e tim e. —  Electricity. 

In L arge 8vo. H andsom e C loth . Profusely Illustrated . 12s. 6d. net.

E L E C T R IC IT Y C O N T R O L .
A T reatise on E lestrie Sw itchgear and System s of E lectric T ransm ission

B y L EO N A R D A N D R EW S,
A ssociate M em ber of the Institu tion of C ivil E ngineers, M em ber of the Institu tion of 

E lectrical E ngineers, & c

G eneral Princip les of Sw itchgear D esign .— C onstructional D etails — C ircuit B reakers or 
A rc In terrupting  D evices.— A utom atically  O perated  C ircuit B reakers.— A lternating R everse  
C urrent D evices. —  A rrangem ent of ’B us B ars, and A pparatus for Parallel R unning .—  
G eneral A rrangem ent of C ontro lling A pparatus for H igh T ension System s. —  G eneral 
A rrangem ent of C ontro lling A poaratus for L ow  T ension  System s.— E xam ples of C om plete  
Installations.— L ong  D istance  T ransm ission  Schem es.

“N ot often  does the  specialist have  presented  to  him  so satisfactory  a  book  as th is. . . . 
W e  recom m end  it w ithout hesitation to C entral Station E ngineers, and, in fact, to anyone  
in terested  in  the  subject.”— Power.

L arge 8vo, C loth , w ith  334 Pages and  307 Illustrations. 16s. net.

E L E C T R IC IT Y M E TE R S.
B y  H E N R Y G . SO LO M O N , A .M .Iust.E .E .

“A n  earnest and  successfu l attem pt to  deal com prehensively w ith m odem  m ethods of 
m easuring  curren t or pow er in  electrical installations.”— Engineering.

In L arge 8vo. H andsom e C loth . Fully Illustrated .

TRANSFORMERS.
B y H E R M A N N B O H L E, M .I.E .E .,

Prof, of E lectro technics, S .A . C ollege, C ape  T ow n,

A n d  P r o f e s s o r  D A V ID R O B E R TSO N , B .Sc., A .I.E .E ., o f  B r i s t o l .
C o n t e n t s .— G eneral Princip les.— M agnetising and N o-L oad C urrents.— L osses in  

T ransform ers.— Iron  L osses.— C opper L osses. -T em perature R ise.— M agnetic  L eakage.—  
L eakage  Inductance.— V ector D iagram s for T ransform ers.— System atic  T esting  of T rans­
form ers.— Insu lating  M aterials.— E xam ples of C onstruction . -D esign  of T ransform ers.—  
A pplications of T ransform ers.— R egulating  and  Phase-C hanging  T ransform ers.— In d e x .

In  L arge 8vo. Profusely  Illustrated . 8s. 6d. net. 

W IR E L E SS T E L E G R A PH Y . 
B r G U ST A V E E IC H H O R N , P h .D .

“W ell w ritten . . . and com bines w ith a good deal of descrip tion a carefu l 
investigation  of the  fundam ental theoretical phenom ena.”— Nature.
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In Large Crown 8vo. Handsome Cloth. W ith 222 Illustrations. 5s. net.

TELEGRAPHIC SYSTEMS,
AND OTHER NOTES.

A Handbook of the Principles on which Telegraphic Practice is Based. 

By  ARTHUR  CROTCH, of the Engineer-in-Chief’s Department, G.P.O.

Co n t e n t s . —  Batteries, Primary and Secondary. —  Universal Battery W orking.—  
Duplex Telegraphy. —  Duplex and Quadruples Telegraphy. — Automatic Telegraphy.—  
M ultiplex  Telegraphy.— The Hughes Type Printing Instrument.— The Baudot System.—  
The M urray Type Printing  Telegraph.— Test and Battery Boxes.— Circuit Concentration, 
&c. —  Repeaters. —  Submarine Telegraphy.— W ireless Telegraphy.—In d e x . —  L i s t  o f  
D ia g r a m s  o f  Co n n e c t io n s .

“  This book is a particularly  good one . . . we can thoroughly recommend it . . . 
a handy book of ready reference.”—Electrical Review.

“The treatise will be of much help to the telegraph engineer, and to the student 
in his preparatory training and it can be thoroughly recommended.”—Electrician.

N in e t e e n t h  Ed it io n . Leather, Pocket Size, with 8io pages. 8s. 6d.

A POCKET-BOOK OF

ELECTRICAL RULES & TABLES
FOR THE USE OF ELECTRICIANS AND ENGINEERS.

By  JOHN M UNRO, C.E., & Pr o f . JAMIESON, M .In s t .C.E., F.R.S.E.

“ W o n d e r f u l l y  Pe r f e c t . . . . W orthy of the highest commendation we can 
jive it.”—Electrician.

GRIFFIN’S ELECTRICAL PRICE-BOOK: For Electrical, Civil, 

M arine, and Borough Engineers, Local Authorities, Architects, Railway  

Contractors, &c. Edited by H. J. Do w s in g . Se c o n d Ed it io n . 8s. 6d.

ELECTRIC SM ELTING AND REFINING. 

ELECTRO M ETALLURGY, A Treatise on. 

ELECTRICAL PRACTICE IN COLLIERIES. 

ELECTRICAL SIGNALLING IN M INES.

[See p. 67 General Cat.

[See p. 67  ,,

[See p. 57  ,,

[Zn Active Preparation.

In Large Crown 8vo. Handsome Cloth.

ELECTRICAL THEORY
AND THE

PROBLEM OF THE UNIVERSE.
By  G. W . DE TUNZELM ANN, B.Sc ., Lo n d o n ,

M ember of the Institute of Electrical Engineers ; formerly Professor of Natural 
Philosophy and Astronomy, H.M .S. “ Britannia,” Dartmouth.

Co n t e n t s . —  Fundamental Electrical Phenomena. —  Units and M easurement. —  
M eaning and Possibility of a M echanical Theory of Electricity.— The Ether.— Ine Ether 
as a Framework of Reference for M otion.— The Relations between Ether and M oving 
M atter.— Electric Conduction in Gases. The Faraday-M axwell Theory.— The Electron 
Theory.— M agnetism and the Dissipation of Energy.— Contract Electrification and 
Electrolysis.— M etallic Conduction. Optical Phenomena. -The M echanism  of Radiation. 
-General Phenomena of Radio Activity.— Transmutations of Radio-Active Substances. 
-Ages of the Sun and Earth.— The Solar Carona, The Aurora, ami Comets Tails.—  

Radio-Activity in Stars and Nebulæ.— Arrangement and Number of Atoms in a M ole­
cule.— Changes in the Aspect of Fundamental M echanical Principals. — Gravitation 
and Cohesion.-—The Place of M ind in the Universe.— M athematical and other Appen­
dices.—In d e x . 
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In Four Volumes. Crown 8uo. Fully Illustrated. Sold Separately

AN ELE fflENTARY TEXT-BOOK OF PHYSICS.NMLKJIHGFEDCBA

B y  R . W A LL A C E  ST E W A R T , D .Sc. (L o n d .)

J u s t  P u b l i s h e d . C loth . W ith 142 Illustrations. 3s. 6d. net.

LIGHT.
C o n t e n t s . —  In troductory . —  R ectilinear Propagation of L ight.—  

Photom etry . R eflection at Plane Surfaces.— R eflection at Spherical 

Surfaces. R efraction . R efraction  through  L enses.— D ispersion .— In d e x .

V ol. II. W ith 141 Pages and 48 Illustrations. 2s. 6d. net

SOUND.
C o n t e n t s .—  Sim ple H arm onic V ibration .— Production of Sound.—  

W ave M otion.— Propagation of Sound.— C haracteristics of Sound — R e­

flection  and R efraction  of Sound.— V elocity  of Sound in  A ir and W ater —  

T ransverse V ibration of Strings.— L ongitudinal V ibration of R ods and  
C olum ns of  A ir.— In d e x .

Other Volumes in Preparation, and which will be Published Shortly, 

 HEAT. MATTER. 

In L arge 8vo. W ith B ibliography, Illustrations in the T ext, and  

Seven Plates. 12s. 6d.

T H E M E A N D E N SIT Y O F T H E E A R T H .
A n E ssay  to w hich the A dam s Prize w as A djudged in 1893  

in the U niversity of C am bridge.

B y  J. H . PO Y N T IN G , Sc.D ., F.R .S .

“C annot fail to  be of great and general in terest.”— Athenceum.

J u s t  P u b l i s h e d . In C row n 8vo, C loth . Illustrated  w ith  

D iagram s. 3s. net.

T H E FO R C E O F T H E W IN D .
B y  H E R B E R T C H A TL E Y , B .Sc. E n g . (L o n d .), 

Professor of C ivil E ngineering , T ong Shan E ngineering C ollege, N . C hina. 

C o n t e n t s . —  Practical Im portance of W ind Pressure. —  Im pulsive  

(  orce  of the W ind.  — V ariations  in  V elocity .— Stream  L ine T heory . — Stress  

in  Structures due to  W ind.— W indm ills.— T rain aud M otor R esistance.—  

•E iiect of W ind  on  W ater.— Scouring  E ffect of W ind.— In d e x .

In C row n 8vo. H andsom e C loth . W ith 22 D iagram s. 3s. 6d. net

ST R E SSE S IN M A SO N R Y .
B y  H E R B E R T C H A T LE Y , B .Sc. E n g . (L o n d .).

C o n t e n t s . —  Strength of Stone. —  W alls.— C olum ns and Piers.—  

B rackets and C antilevers.— Sim ple A rches.— V aults and Skew  A rches.—  

D om es.  — R etain ing W alls and D om es.— A rtificial Stone.— R e-inforced  
C oncrete.  — In d e x . 
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In Five Volumes. Large 8vo. Sold Separately.

A TEXT-BOOK OF PHYSICS.
By J. H. POYNTING, Sc.D., F.R.S.,

Professor of Physics, Birmingham University,

And Sir J. J. THOMSON, M.A., F.R.S.,
Professor of Experimental Physics in the University of Cambridge.

In t r o d u c t o r y  Vo l u m e . Fif t h  Ed it io n , Revised. Fully Illustrated. 
10s. 6d.

PROPERTIES OF MATTER.

Co n t e n t s . —  Gravitation. —  The Acceleration of Gravity. — Elasticity.—  Stresses and 
Strains.—Torsion.—Bending of Hods.—Spiral Springs — Collision.—  Compressibility of 
Liquida.—Pressures and Volurtvs of Gases.-Tbernial Effects Accomp nying Strain.— 
Capillarity.—Sunace Tension.—Laplace’s Theory of Capil.arity.—diffusion of Liquids —  
Diffusion of Gases.—Viscosity of Liquids.—In d e x .

"We regard thia book as quite indispensable not merely to teachers but to physicists of every 
grade above the lowest.’’—  University Correspondent.

Vo l u m e  II. Fif t h  Ed it io n . Fully Illustrated. Price 8s. 6d.

SOUND.

Co n t e n t s .—The Nature of Sound and its chief Characteristics.—The Telocity of Sound 
tn Air and other Media,—Refl c ion and Refraction of Sound.—Frequency and Pitch of 
Notes. Resonance and Forced Oscillations.—  Analysis of Vibrations.—The Transverse 
Vibrations of Stretched Strings or Wires - Pipes and other Air Cavities.—Rods.—Plates. 
—Membranes.—Vibrations maintained by Heat,—Sensitive Flames and Jets.—Musical 
Sand.—The Superposition of Waves,- In d k x .

“ The work . . . may be recommended to anyone desirous of possessing an e a s t  
c p-t o -d a t b  St a n d a r d  Tr e a t is e  on Acoustics.”—Literature.

Vo l u m e  III. Th ir d  Ed it io n , Revised. Fully Illustrated. Price 15s.

HEAT.

Co n t e n t s .—Temperature. —Expansion of Solids —Liquids. —  Gases. — Circulation 
and Convection.—Quantity of Heat; Specific Heat.—Conductivity.—Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.—The Kinetic Theory —Change of State; 
Liqai I, Vapour.—Critical Points—Solids and Liquids.—Atmospheric Conditions.—  
Rauiation —Theory of Exchanges.—Radiation and Temperature.—Thermodynamics.—  
Isothermal and Adiabatic Changes.—Thermodynamics of Changes of State, and Solu­
tions.—Thermodynamics of Radiation.—In d e x .

“ Well up-to-date, and extremely clear and exact throughout. ... As clear as 
it would be possible to make such a text-book Nature.

Remaining Volumes in Preparation—

LIGHT; MAGNETISM AND ELECTRICITY.
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Th i r d  Ed i t io n , Revised, Enlarged, and Re-issued. Price 6s. net.

A SH O RT M A N UA L O F

I N O RGA N IC CH EM ISTRY ,
B y A . D U PRE, Ph.D ., F.R .S.,

A n d  W ILSON H A K E, Ph.D ., F.I.O ., F.C .S.,
O f the W estminster H ospital M edical School.

“A n  e x a m p l e  o f  t h e  a d v a n t a g k s  o f  t h b  Sy s t e m a t ic  T r e a t m e n t  of a Science 
over the fragm entary style so generally follow ed. By a  l o n g  w a y  t h b  b e s t  of the sm all 
M anuals for Students."— Analyst.

In  H andsom e Cloth. W ith  nearly  50 Illustrations. 3s. 6d. net.

THE ELEMENTS OF CHEMICAL ENGINEERING.
Bv J. G RO SSM A N N , M .A ., Ph .D ., F.I.C .

W ITH A PREFA CE BY

S i r  W ILLIA M RA M SA Y , K .C.B., F.R.S.

C o n t e n t s .— The Beaker and its Technical Equivalents.— D istilling Flasks, Liebig's 
Condensers.— Fractionating  Tubes and their Technical Equivalents.— The A ir-Bath and  
its Technical Equivalents.— The Blow pipe and Crucible and their Technical Equivalents. 
— The Steam  Boiler and  other Sources of Pow er.— G eneral Rem arks on the A pplication  
of H eat in Chem ical Engineering.— The Funnel and its Technical Equivalents.-The  
M ortar and its Technical Equivalents.— M easuring Instrum ents and their Technical 
Equivalents.— M aterials U sed in  Chem ical Engineering  and their M ode of A pplication-  
Technical Research  and  the D esigning  of Plant.— Conclusion.— Chem icals and  M aterials. 
— In d e x .

“Excellent. . . . Every  student of chem istry attending  a  technical course should  
■ obtain a copy. '— Chemical News.

LABORATORY H AN DBOO KS BY A . H UM BO LD T SEX TO N,
Professor of M etallurgy  in the G lasgow  and W est of Scotland Technical College.

O U TLINES O F Q U A N TITA TIV E A N ALY SIS.
FOR THE USE OF STUDENTS.

W ith Illustrations. F i f t h  E d i t io n . Crow n 8vo, Cloth, 3b .

“ A c o m p a c t  l a b o r a t o r y  G U iD K for beginners w as w anted, and the w ant has 
teen w k l l  8Ü PPM K D . ... A  good and useful book.”— Lancet.

O U TLIN ES O F Q U A LITA TIV E A NA LYSIS.
FOR THE USE OF STUDENTS.

W ith  Illustrations. Fo u r t h  E d i t io n , Revised. Crow n 8vo, Cloth, 3s. 6d. 

“  The w ork of a thoroughly practical chem ist.”— British, Medical Journal. 
“ Com piled w ith great care, and w ill supply a w ant.”— Journal of Education.

ELEM EN TARY M ETA LLU RGY :
Including the A uthor’s Practical Laboratory Course.

[See p. 66 General Catalogue.
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Inorganic Chemistry, . 
Analysis,............................

Chemical Engineering, 
Chemistry, ....  

Foods and Poisons, 
Tables for Chemists, . 
Dairy Chemistry, &c., 
Milk,....................................

Agricultural Chemistry, . 
Flesh Foods, ....  

Practical Sanitation, . 
Sanitary Engineering, 
Sewage Treatment, 
Lessons on Sanitation, 
Technical Mycology, .
Soil Bacteria, ....  

Ferments ; and Toxines, . 
Brewing,.............................

Trades’ Waste, 

Smoke Abatement, 
Cements,.............................

Handbook for Cement Work 
Ceramic Literature, . 

Clayworkers’ Handbook, . 
Peat,....................................

Commercial Peat,.

Water Supply, 

Road Making,....  

Gas Manufacture,.
Acetylene, ....  

Fire and Explosion Risks, . 
Petroleum, ....  

------ (Handbook), 
Ink Manufacture, .
Paper Technology, 

Glue, Gelatine, &c., . 

Leather Trades Chemistry, 

Oils, Soaps, Candles, .

Lubrication and Lubricants, 
India Rubber, ....  

Rubber Goods Manufacture, 
Enamelling on Iron and Steel, 
Colour Manufacture, . 

Painters’ Colours, Oils, &e., 
Painters’ Laboratory Guide, 
Painting and Decorating, . 
Manual of Dyeing -, 

Dictionary of Dyes, 

The Synthetic Dyestuffs, . 
Spinning,............................

Cotton Weavers’ Handbook, 
Textile Printing, .

Textile Fibres of Commerce, 
Dyeing and Cleaning,. 

Bleaching, Calico-Printing,
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GENERAL CATALOGUE, PAGB
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R. W. SlNDALL, .

Th o s . La m b e r t , 

S. R. Tr o t m a n , .
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Dr . Ca r l  0. We b e r , 
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G. H. Hu r s t ,

W. J. Pe a r c e , .
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H. B. He y l in , .

Se y m o u r  Ro t h w e l l , 

w. I. Ha n n a n , .

F. J. Fa r r e l l , . 

Ge o . Du e r k ,

. 70 

. 70 

. 46 

46, 71 

. 72 

. 71 

. 73 

. 73 

. 73 

. 72 

. 78 

. 78 

. 76 

. 78 

. 74 

. 73 

. 74 

. 74 

. 76 

. 76 

. 76 

. 76 

. 75 

. 75

. 75 

. 77 

. 79 

. 77 

. 77 

. 77 

. 61 

. 61 

. 81 

. 75 

. 81 

. S1 

. 71 

. 32 

. 81 

. 81 

. 79 

. 80 

. 80 

. 80 

. 80 

. 82 

. 82 

. 82 

. 83 

. 83 

. 83 

. 83 

. 84 

. 84

LONDON! CHARLES GRIFFIN & C0„ LIMITED. EXETER STREET. STRAND



Geological, Prospecting, Mining, and Metallurgical Publications. 

Geology, Stratigraphical, . 

,, Practical Aids, .

,, Open Air Studies,

Mining Geology,

Prospecting for Minerals, 

Ore and Stone Mining,

Elements of Mining, 

Coal Mining, .... 

Practical Coal Mining, .

Elementary „

Elect. Colliery Practice, 

Mine Surveying, .... 

Theodolite Surveying,.

Mine Air, Investigation of, 

El^et. Signalling in Mines, 

Mining Law,...............................

Blasting and Explosives, . 
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Mining Eng. Report Book, 
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Oil Fuel
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,, (Elementary),.
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Getting Gold, .... 
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Electro-Metallurgy,. 

Assaying,  
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