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Sullivan Machinery Company
BULLETIN 71-C. CHICAGO, MARCH, 1917

The Sullivan Air Lift Pumping System
Methods and Apparatus

PUMPING water from deep wells by means of compressed air 
has been practiced for many years, with varying degrees of 
success and efficiency. The purpose of this bulletin is to call 

attention to the important advantages of air lift pumping, when 
properly applied, and to show how Sullivan engineering and Sullivan 
equipment secure a high degree of effectiveness in this field.

The air lift department of this company embodies a separate 
corps of engineers, whose efforts are devoted solely to problems 
relating to pneumatic pumping, and whose experience in this field 
embraces nearly twenty-five years of manufacture and installation.

Those interested in securing water supply from deep wells are 
urged to submit their requirements and conditions to this department.

Well No. 3, Prairie Pebble Phosphate Company, Mulberry, Florida, pumped by the Air Lift, 
and flowing 4600 gallons per minute

Copyright, 1917



Standard T, erms Used in Air Lift Work
The sketch on this page illustrates the terms regularly used in 

referring to air lift pumping, and these terms and their application 
should be thoroughly understood as a preliminary to study of the 
subject. They are explained more fully below.
i. Static Head: Normal water level when not pumping, measured 

from surface or top of well casing.
2. Drop: Point to which the water level drops below the static 

head while being pumped.
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3. Pumping Head: Level of water when 
pumping as compared to ground surface 
or top of well casing.
Static Head4-I)rop = Pumping Head.

4. Elevation: Point above the ground 
surface or top of well casing to which 
water is raised.
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5. Total Lift: Distance 
water is elevated, from 
level when pumping, 
to point of discharge, 
at an elevation, and 
includes:
Elevation+Static 
Head+Drop = T otal 
Lift.

6. Lift: Distance the 
water is elevated from 
level when pumping to 
point of discharge at 
surface, and includes: 
Static head + Drop = 
Lift (orpumpinghead).

7. Submergence: Dis­
tance below the pump­
ing head at which the 
air picks up the water. 
100 per cent: 
vertical distance 
air travels with 
water from point in­
troduced to point dis­
charged, and includes: 
Total Lift or Lift+ 
Submergence = 100 per 
cent.
Starting Submerg­
ence: Distance below 
the static head at 
which the air picks up 
the water and includes:

8. The 
the 
the 
in-



Drop-^Submergence = Starting Submergence.

Among the advantages of pneumatic pumping may be noted:
i. Quantity: More water can be secured from the same wells than Advan- 

by any other system. tages of
2. Quality: Improvement in the character of the water, due to the Air 

aeration, as to purity and solubility. Lift
3. Temperature: Reduction in temperature, due to absorption of 

the heat in the water, by the air.
4. Durability and Simplicity: There are no moving parts in the 

well.
5. The apparatus is always in order, and is not affected by mud, 

grit, floating sand or by long shut downs.
6. Sustained Efficiency.

These advantages may be explained more fully as follows:
There is no question but that more water can be secured from a Quantity 

deep well with the air lift than with any other method of pumping, 
provided the conditions are proper for its use. This is especially 
true where it is desired to increase the yield from a flowing well; as, 
by mixing the ascending column of water with a small amount of air, 
the column is lightened and the head against the inflowing water 
reduced without in any way retarding the flow.

The deep wells of industrial and public ownership are found to Quallty 
be remarkably free from disease germs, as the casing, driven down 
to hard pan above the gravel formation, or into rock, shuts off con­
tamination from the surface.

Gravel beds in or near a river may be made the source of a pure 
water supply by drilling wells and casing them low enough so that 
the water will pull down through the sand and gravel. The erosion 
of the river keeps the top of the infiltration bed clean.

Aeration is acknowledged to be one of the principal methods for 
purifying water in filtration plants. If this occurs with air at low pres­
sure, the perfect mixture of air and water in an air lift should and 
does cause much more complete purification.

Free sulphur gas is encountered in many underground waters. 
This gas is almost entirely removed by the action of aeration in an 
air lift system, and the water from many sources of supply that is 
unfit for domestic use, on account of sulphur discoloration when 
pumped by a direct acting pump, is entirely freed from its odor and 
staining effects by the use of the air lift.

The aeration of water containing large quantities of iron causes 
a precipitation of this solid in the shape of a yellow mud, and while 
the freeing action is not as rapid as with sulphur, a large percentage 
of the iron can be eliminated by allowing time for settling.
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Most of the other solids contained in underground waters, if not 
thrown off altogether by aeration, are rendered easier of treatment. 
For instance, while practically as much scale will form in a boiler 
from water lifted with air as by other methods of pumping, yet the 
scale so formed will be more of the consistency of chalk than of the 
cement-like deposits of water not aerated.

As heat is driven from air by compression, through re-expansion 
it must absorb heat from any material with which it may come in

4



contact. The expansion of the air in the eduction pipe of the air lift 
absorbs heat from the water and lowers its temperature. If the water 
is naturally cold, the reduction will be slight, but if the temperature 
of the water is high, the reduction

e

will be marked. This is a great 
advantage in water to be used for 
condensing purposes, as the reduc­
tion of a few degrees in the temper­
ature of the water will make a great 
difference in the amount of coal used.

The air lift installation is more 
durable, and requires less atten­
tion and repairs than any other 
method of pumping. When once 
the well or wells are properly 
adjusted, the installation requires no 
further attention. The water never 
comes in contact with any moving 
parts and the machinery is in the 
power house directly under the eye of 
the engineer, avoiding all pulling of 
sucker rods, working barrels, et 
cetera.

On account of the ease with which 
installations may be made, it is only 
in recent years that efficiency has 
been thought of in connection with 
air lift work.

As a rgeneral thing, manufacturers 
have sold compressors for this work 
upon the specifications of the cus­
tomer, without making a thorough 
investigation of his requirements or

Before

Durability
rr

 
C
M 
to

— After

APennsylvania 
brewery sank three 
wells in the sand 
and gravel along 
the Allegheny 
River, and pumped 
them by the Sulli­
van Air Lift. The 
temperature of 
river water in the 
city mains (the 
previous source) 
was 75° F.; that of 
the river water 
pumped through 
the wells, 52° F., or 
a reduction of 23°.

Efficiency 
a New 
Idea

advising him as to the best method of developing his supply. It 
has been so easy to turn the air loose in a well and get certain 
results, and there has been so little known of the laws governing this 
method of pumping, that haphazard installations have given it a 
reputation for inefficiency that is not warranted, and which a careful 
study of the subject will tend to remove.

When Dr. Pohlé worked out his theory of a submergence of sixty 
per cent and of alternate plugs of air and water, he secured an efficiency 
of from twenty to twenty-five per cent, which at that time was thought 
to be as high as could be depended upon. Since then, experiments



” Straight
Air Lift

Types of 
Straight ' 
Air Lift

(al <t» <c>
Sketches illustrating forms of “ Straight ” Air Lifts

and careful investigation as to methods of mixing air and water, 
proper proportioning of piping, et cetera, have almost doubled this 
figure; and increasingly satisfactory results are being secured by 
careful study of the laws governing this work, by the care in in­
stallation and the improved methods and equipment used by this 
company.

A discharge consisting of alternate plugs of air and water is a 
common result of most forms of air lift in which open-end piping is 
used, and which is generally termed the “straight air” system. Al­
though at times, a more or less constant discharge is secured, this 
is considered one of the vagaries of the system and the cause is not 
thoroughly understood.

There are three general systems of “straight air” pumping.
1. The Outside System. (See “A” in the cut above) in which the 

air is carried down outside of the eduction pipe, into which it is 
connected a short distance above the bottom.

2. The Central Pipe System. (Sketch “C”) in which the air is 
carried down through a pipe suspended inside the eduction pipe 
and allowed to discharge into the water through an open end.

3. The Reservoir System. (Sketch “B”) in which an eduction 
pipe is suspended in a casing, allowing the air to pass down be­
tween the two and mix with the water at the bottom of the 
eduction pipe.
In all of these systems the principle is much the same. Pressure 

is built up in the air passage until it is sufficient to overcome the head
6



due to submergence, when a large bubble of air passes into the educ­
tion pipe. This flow of air from the pipe temporarily reduces the air 
pressure, through wire drawing; so that the weight of water in the well 
outside of the eduction and air pipes, which is due to submergence 
shuts the air off and a plug of water follows the plug of air up into the 
eduction pipe, until the compressor has had time to build up the air 
pressure and another plug of air breaks through. This combat of the 
air and water pressure becomes rhythmic in its action, forming a succes- 
sion of air bubbles
and water plugs in 
the eduction pipe, 
and is the cause of 
the “plugging” or 
unequal discharges 
found with this dass 
of air lift installa­
tions.

The theory of 
the air lift and the 
reason for submerg­
ence, are, that by 
mixing the water 
with air in the dis­
charge, the water is 
made lighter, so that 
the pressure of 
the column of 
air and water 
in the bottom 
of the eduction 
pipe is less per 
square inch 
than that of 
the solid water

■

-

Maywood, Ill., City Water 
Works and one of the Sullivan 
Air Lift Boosters, There are 
two wells, pumped by Sullivan 
Foot Pieces, Boosters and 
Sullivan Angle Compound Air 
Compressors, see page 8. 
Flow, 1400 gallons per minute; 
lift, 250 300 feet. Elevated 
discharge from boosters, 20 feet.

7



Two Sullivan “WJ3” Angle Compound Air Compressors with short belt, motor drive, in 
City Water Works, Maywood, Illinois. (See page 7) No. 1 Compressor has a 

capacity of 628 cubic feet of free air per minute; No. 2, 886 feet.

Sullivan “WA 4” Single-Stage, Steam Driven Air Compressor, pumping water at 
Fort Pitt Brewing Company’s Plant, Sharpsburg, Pa.

8



outside, in the well, 
or in the rock, gravel 
or sand strata; and 
an upward flow is 
thus created.

The air lift should 
be a perfect expan­
sion pump, but un­
fortunately there are 
other natural laws 
that take effect 
which prevent this 
in ordinary “straight 
air” installations.

The following are ' 
some of the condi-

Open-Air Air Lift Plant, pumping water from a deep well 
for irrigation in New Mexico

Flow from a Sullivan Air Lift installation in the California Oil Fields

lions responsible for low efficiency in open end pipe air lifts.
1. The difference in pressure between the air and water where the 

former enters the eduction pipe is small, and the air flows into the water 
at a low velocity. In the open end pipe lift, the air must travel 
some distance towards the surface in the eduction line, before it can 
expand sufficiently to form a plug and carry the water with it. This 
means a loss in submergence.

2. As the bubble of air travels towards the surface and the pres- 
sure above decreases, it must expand, and being confined in the pipe 
can only do this in a vertical direction-resulting in increased velocity 
and friction and a greater displacement in the eduction pipe

3. Owing to well known laws, the flow at the point of contact 
between a gas or liquid and the walls of the passage is retarded, and 

water, being heavier than air, is retarded more 
by friction until it is pulled back around the 
bubble of air. I his bubble becomes elongated 
and at times slips through, joining the preced­

ing bubble and 
leaving the 
water behind. 
This slippage 
represents loss 
of efficiency 
and is mani­
fested by vari­
ations in the 
plugging dis­
charge.

I

Reasons 
for Low 
Efficiency

9



Drilling No. 9 Well, 16-in. in diameter, 
for Prairie Pebble Phosphate Co., 

Southard Contracting Company, 
Contractors

Well No. 10, and Receiving Basin, 
Mulberry, Florida

Require­
ments for 
Efficient 
Air Lift

4. The air, like any confined gas, is always seeking a chance to 
escape, and any inequalities in the flow passage or abrupt changes in 
direction of flow, offer the opportunity sought, resulting in a still 
further slippage.

These disadvantages can be overcome: and the best results arc 
obtained by the following methods:

5. Means should be provided to secure a complete mixture of 
the air and water, forming an emulsion at the point at which the air 
is injected into the water. Then each particular small bubble of air 
will start its lifting effect at once.

6. A Venturi or throat should be provided just above the mixer. 
This will increase the velocity, give a jet effect at this point, insure

Sullivan 2450-foot Tandem Corliss Air Compressor used for Air Lift Pumping in Plant of 
Prairie Pebble Phosphate Company

10



a more thorough mixture of the air and water, and exert a continuous 
upward pressure upon the ascending column.

3. rhe eduction pipe should be arranged to allow proper ex­
pansion of the air so far as possible and to prevent excessive velocity 
as the point of discharge is approached.

4. An absolutely smooth passage for the air and water is essential. 
Even the swirl caused by the recess in a coupling, occurring as often 
as it does in a long string of pipe, will cause a considerable loss.

5. Proper proportioning 
of air and water pipes for 
the work to be done is very 
important.

Detailed Description 
of the Sullivan Air

Lift Pumps and
Well Tops

The Sullivan Air Lift 
Pumps, described below and 
illustrated on pages u to 
14, will be seen to embody 
exactly the principles ex­
pressed above; and the satis­
faction they have given in 
actual practice under a wide 
range of working conditions, . 
bears out the claim made 
for them, that they comprise 
the most efficient apparatus 
yet devised for raising water 
by air lift methods. Tables 
of dimensions and weights 
appear on page 27.

The Sullivan
Standard Air Lift

Foot Piece
(Outside A ir Line)

The Sullivan Standard 
Pump or Foot Piece, illust­
rated on this page, is macle Sullivan Standard Foot Piece and Well Top, showing 

relative location of casing, flanges, et cetera
il
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Sullivan Standard Air Lift Pump and Umbrella Well Top, with casing flanges and 
connections

of bronze, with an air passage, leading from the outside, ter­
minating in a perforated vertical tube below a Venturi or throat, 
so that the air is broken up into small jets, insuring a perfect mixture, 
or emulsion, of the air and water, and increasing the velocity in the 
throat to produce an ejector effect. By having a large number of 
holes in the mixing tube, a mixture containing more or less air, 
depending upon the lift, is made automatically, without change in 
the pump. An opening just below the mixing tube permits sand or 
scale, lodging in the tube when pumping is stopped, to drop through 
and not plug the perforations.

12



The Sullivan Standard Well Top
The Sullivan Standard Well Top (see pages n and 12) consists 

of flanges to seal the top of the casing, a water discharge nipple and 
umbrella separator, with jamb nut, and also with stuffing box for the 
air line, with air line nipple, back outlet elbow for gauge connection, 
and adjusting mine cock.

The Sullivan 
Central Air

Lift Foot
Piece

The Sullivan 
Central Pump or 
Foot Piece, illust­
rated on this page, 
is made of bronze, 
and consists of a 
perforated tube. It 
is suspended from 
the central air pipe, 
below a throat, and 
has wings to center 
it in the discharge 
pipe. The air is 
broken up into small 
jets by the perfor­
ations, insuring a 
perfect mixture, or 
emulsion, of the air 
and water, and in­
creasing the velocity 
in the throat to pro­
duce an ejector effect. 
By having a large 
number of holes in 
the mixing tube, the 
mixture is automat­
ically made to con­
tain more or less air, 
depending upon the 
lift,, without change

Sullivan Central Foot Piece and Umbrella Well Top; the 
flange shown at the foot of this cut and at the foot of 

the cut on page 11, is not a part of the equipment

13
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Sullivan Central Air Lift Pump and Umbrella Well Top, 
with casing flanges and connections. Shaded parts with 
air cock, tee and nipple are all that are furnished. Pipe, 

reservoir, etc., are to be provided by the customer

in the pump. An opening just below the 
mixing tube permits the sand or scale to 
drop through and not choke up the perfor­
ations when pumping is stopped. This 
foot piece, being suspended upon the central 
air line, can be raised or lowered without 
changing the discharge pipe.

The Sullivan Central Well Top
The weil top for the central pump or foot piece, as shown 

here and also on page 13, consists of flanges to seal the top of the cas­
ing, a water discharge nipple with jamb nut, and an umbrella sepa-



Sullivan Belted Air Compressors operating Air Lifts for mill service at a well-known 
mine in Mexico

rator, having an opening in the top for suspending the air line; and is 
equipped with stuffing box, nipple, back outlet elbow for gauge con­
nections and regulating mine cock.

Note: This head may also be made up with a back outlet 
elbow on the discharge for suspending the air line, when it is neces­
sary to carry the discharge to an elevation.

Ratio of Lift to S ubmergence
In actual practice, it has been found that the submergence may 

be varied with the lift, shorter lifts requiring a greater percentage of 
submergence. While there is no definite division line, the following 
proportion of submergence to lift will be found effective:

For lifts up to 50 feet 70 to 66 per cent submergence
50 to 100 feet 66 to 55 per cent submergence

100 to 200 feet 55 to 50 per cent submergence
200 to 300 feet 50 to 43 per cent submergence
300 to 400 feet 43 to 40 per cent submergence
400 to 500 feet 40 to 33 per cent submergence

It will be readily understood that the diameter of the water dis- propor_ 
charge or eduction pipe is of prime importance to secure the best tioning of 
efficiency, and must bear a relation not only to the amount of water PiP‘në 
to be handled, but also to the amount of air; so that for an equal 
amount of water the pipe size may vary with the lift and also with

15
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the percentage of submerg- 
cnce, as both factors change 
the amount of air. If the
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pipe is too large, then there 
is slippage of the air past the 
water, unless more air is used 
to keep up the velocity; or 
if too small a pipe is used, 
undue friction will increase 

valve the power needed.
Each separate well or 

group of wells is an engi­
neering problem that should 
be carefully studied, and the 
most complete data obtain­
able should be furnished, so 
that a system can be designed 
to cover all points.

The standard practice of 
well drillers is to equip gravel 
and sand wells with a strainer,
designed to shut out the sand 
from the working barrel of a 
deep well pump. In time, 
these strainers become clogged 
with sand and the flow into
the well is thus reduced.
By a system of back-blowing, 

Arrangement of piping a well for back-blowing the output from such weßs
can be permanently increased. 

The correct strainer for wells of this dass, pumped by the air lift, 
is a perforated screen with openings of a suitable size to admit the 
fine material into the well, from which it can be pumped, and to hold 
back the coarser particles, so as to form a natural gravel filter bed 
outside of the artificial one.

The force available for getting water into a well is the head, due to 
the difference between the static level in the water strata outside the 
well and the pumping level in the well, minus friction due to the 
strata and screen. Therefore, the more this friction can be reduced, 
the greater will be the flow, providing of course, that an abundance 
of water is available.

“Back-blowing” can be applied to all wells. The top of the well 
casing should be sealed; next, by closing the discharge pipe while 

16



the air lift is in operation, the air will be forced through the foot piece 
and will drive the water ahead of it out through the strainer and float 
the finer sand. Then, by opening the discharge, the flow will resume 
its course toward the surface and bring a portion of the floating sand 
with it. By a repetition of this operation and by increasing the 
back pressure if necessary, all of the fine sand immediately outside 
of the strainer will be drawn into the well and discharged at the sur­
face, and the coarser gravel will be collected outside of the screen 
in such quantities as to shut, off the sand and increase the flow into 
the well, without changing the piping in the well. This process 
may be repeated at any time, so that the screen and adjacent strata 
can be kept clear.

When wells are drilled in rock, the action of the drilling tool 
forces the cuttings back into the crevices in the rock. These may 
be loosened and pumped out of the well in the same manner.

In the case of wells in fine material and quicksand it is often possible 
to set a strainer in the sand and drill auxiliary holes alongside the 
well down to the top of the strainer. Then foreign gravel may be

At the time of publishing this 
bulletin, Sullivan Air Lifts are 
being installed at the Municipal 
Waterworks, Zanesville, Ohio. 
There will be 20 wells, drawing 
their supply from the Muskin­
gum River. The cuts show the 
well drills at work, and a com­
pleted well being “ back- 
blown.”



dropped down, which will roll in alongside of the screen and take the 
place of the sand pumped out—often increasing the yield four-fold, 
by affording, outside of the gravel bed, a larger area through which 
the water may leave the sand.

The Sullivan Booster System for Elevated 
Discharge

By means of the Sullivan “Booster” System (illustrated on pages 
19 and following), the water may be lifted to an elevation above the
surface by using the air employed in the air lift proper a second

e|

time. This system is especially suitable where the elevation 
must be accomplished at some distance 
from the wells.

The Sullivan Booster consists of a sepa­
rating tank, placed on top of the well, into 
which the air and water are directly dis­
charged and in which they are separated.

The eduction pipe from the well is carried 
to a point near the top of the tank and 
discharges under an umbrella. A baffle plate

kV

Power house and storage tank of Morris & Company, Union Stock Yards, Chicago
18



Typical arrangement of Sullivan Air Lift, including pump, 
booster, elevated tank and compound lift

is placed across the tank to prevent surging. 
The end of the discharge leading from the 
booster extends down from the top,or the side 
near the top, to within a short distance of 
the bottom, so that the pressure upon the

2 ? 8 i i? e o 1

surface of the water forces it directly into 
the discharge with the least amount of 
friction. Immediately over the discharge 
from the well, is constructed a manhole 
and a removable plate that carries the 
umbrella. With the standard pump, this 
plate can be removed and a temporary 
connection made to the well discharge for 
back-blowing and cleaning the well, with­

out removing the booster, keeping it free from sand or drillings.
'I'he Central Pump and air line, when this installation is used, are 

installed through this opening after the booster is in place and sus­
pended in the eduction pipe by means of the manhole plate, which 
affords an easy means of raising or lowering the pump without dis­
turbing any other part of the equipment.

The vent valve is a circular slide valve made of bronze and 
operated by the water in the booster, through the use of a diving bell, 
non-leaking float and rod; and is adjusted from the outside by means 
of a spring under a cap in order to maintain the necessary pressure to 
force the water to the required head.

The principle involved in the operation of the booster is as follows: 
The velocity of water and air in an air lift is always greatest as 
it nears the point of discharge. This is demonstrated by the force 
of the discharge into the atmosphere. By discharging into a closed 
tank, the kinetic energy of the column of water and air under arrested



Elevation and Plan Views of Sullivan Booster installation in Concrete 
Chamber, with Piping Connections

motion is used to recompress the air and a certain amount of the 
power originally expended is returned.

Compressed air under ordinary air lift conditions is wasteful if 
used to force water horizontally, as the air, being lighter than water, 
goes to the top of the pipe and fails to bring the water with it.

20



With the use of a booster, the air does not follow the water but 
is held in the tank, building up pressure to force the solid 
body of water through the horizontal and vertical lines.

The booster is usually set in a pit below the ground level and 
enclosed in a brick or concrete dry well, but may be located at any 
convenient point, as provision is made for automatic drainage back 
into the well when pumping is stopped.

It will readily be seen, therefore, that with this arrangement, any 
number of wells may discharge into a common delivery pipe. This 
constitutes a great advantage when the elevation to be reached is at 
some distance from a well or group of wells. A check valve should 
be installed in the discharge line immediately outside of the booster.

The engineer operates the complete plant from the compressor, 
no change being required after the adjustment has once been made. 
Varying the speed of the compressor secures a greater or less amount of 
water.

There are three ways in which the air escaping from the booster 
may be employed.

i. It may be allowed to escape through the vent valve to the 
atmosphere.

2. It may be returned to the intake of the compressor. The

One of ten Sullivan Air Lift Boosters installed on a string of 
ten wells to furnish water for the United Furnace Company, 
Canton, Ohio. The wells are 350 feet apart, all on a common 

system. Capacity 600 to 1800 gallons 
per minute from each well, or a total 
of 13,200,000 gallons per 24 hours.

21



Sullivan “ WC” Tandem Corliss Compound Two Stage Air Compressor used for Air Lift 
pumping at packing house of Morris & Company, Chicago. (See page 18.) This

Compressor has a rated capacity of 2450 cubic feet of free air per minute

Sullivan “ WJ3,” Angle-Compound Air Compressor in the Municipal Water Works 
at Dickinson, North Dakota

22



Sullivan Booster on one of three wells at Sharps­
burg, Pa. Horizontal discharge line 1350 ft. long; 
final elevation, 25 ft.

The accompanying illustrations 
and notes show some of the instal­
lations of this character that have been 
made by this company. More detailed 
reports on these and many other similar 
booster plants are also available.

The Air Lift for 
Acids and Chemicals

The air lift is admirably adapted 
for pumping acids, slimes, pulps and 
other solutions containing chemicals 
which rapidly eat out the working parts 
of mechanical pumps. For service in 
connection with Pachuca tanks, flo­
tation and other wet ore dressing 
systems, the air lift is very desirable. 
Advantages secured in handling such 
liquids by this method, as em­
bodied in Sullivan practice, include 

fact that this return air is at a lower 
temperature than atmospheric air and 
at a slightly greater pressure, secures 
a decided gain in volumetric effi­
ciency.

3. Where the water is discharged 
at an elevation above the surface, 
either near or at some distance from 
the well or wells, a greater gain is 
secured by discharging the air from 
the booster or boosters through a 
mixing tube in the base of the riser 
pipe, lightening the water’discharge 
column and reducing the head.

Sullivan Booster on a well at Rubsam and 
Hormann Brewing Co., Staten Island. N.Y.; 
discarded deep well pump in background. This 
plant gives 55 gallons per minute instead of 30 
gallons, (capacity of old pump) and requires 
only 13% H. P. as compared with 20. At 
the same plant, a Sullivan Air Lift Booster 
was substituted for an Air Lift of another 
system. The flow in gallons per minute was 
increased from 50 to 100, with 20 per cent 
less air.
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At Fort Worth, Texas, the 
Missouri, Kansas & Texas 
R. R. shops installed a 
Sullivan Air Lift Booster 
and Compound Air Lift 
Pump (shown, in photo).
Depth of pump in, well, 
545 ft.
Height of tank from sur­
face, 75 ft.
Air pressure to raise water 
to surface, 80 lbs.
Back pressure in booster to 
raise water from ground to 
top of tank, 10 lbs.
Flow of water per hour, 
6000 gals.

(i) length of service, (2) absence of repairs, (3) cheapness of renew­
als, (4) variation in capacity; to which may be added (5) high efficiency 
on lifts of any height and of varying submergence, (6) solutions car­
ried horizontally as well as vertically, (7) any number of lifts handled 
from a central power plant, (8) simplicity and sustained effectiveness, 
(9) apparatus furnished in any materials necessary to resist chemical 
action.

This company has installed numerous pumps for service such as 
is described above, made of various acid-resistant materials, such 
as hard or soft lead, cast iron or steel, bronze, rubber, etc. Sullivan 
Acid Pumps are designed to work satisfactorily under low submerg­
ence. The following data should be furnished in order to permit 
estimates to be submitted.
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Sullivan Air Lift Acid Pump, supplied as desired in cast iron or 
cast steel

1. Temperature 
of liquid.

2. Specific grav­
ity of liquid.

3. Material of 
which the pump is 
to be made.

4. Kind of acid 
to be pumped.

5. Lift in feet.
6. Submergence 

in feet.
7. Pounds to be 

pumped per minute.
The question of 

an air compressor 
for air lift work is 
one that should re­
ceive careful atten­

tion, because the efficiency of the machine, under this class of work, 
is immediately demonstrated. When compressed air is used for 
manufacturing purposes, it is frequently difficult to check up the 
amount of work done, but with the air lift, the foot

MB.'

M
w

pounds of work done are easily measured and com­
parisons made. The reliability and economy of the 
compressor should therefore receive the close attention 
of the engineer.

Sullivan air compressors are available in a wide 
range of styles, 
pressures, capaci­
ties and for oper­
ation by steam, 
belt, electric 
motor, et cetera.

Some of these 
styles are shown 
in the accom­
panying illustra­
tions. Bulletins 
on Sullivan air 
compressors will

Sullivan Air Lift Acid Pump, supplied in hard or soft lead, or other 
acid resisting materials

be furnished on 
request.
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Separating Head for Acid Pumping

In the latter pages of this bulletin 
will be found tables of pipe sizes 
and specifications, air compressor 
data and other reference material, 
that are required in air lift cal­
culations. It is hoped that their 
publication here may prove of 
assistance to intending purchasers.

Note. This company reserves 
the right to alter its machines and 
apparatus, and to furnish them, 
when so altered, without reference 
to the illustrations or reading 
matter contained in the present 
bulletin.

Sullivan “ WG-3 ” Single Stage, Belted Air Compressor operating the Sullivan Air Lift 
Booster shown on page 23. This plant has since been enlarged by the addition 

of a Sullivan Angle-Compound Compressor of 445 feet capacity.
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Sullivan Standard Air 
Lift Pumps

General Code ^Vord, Obarma

I 5 4 65 Obermans
iX IO 4 75 Obarmare
1% 20 4 85 Obarmati
2 5° 6 125 Obarmes
2^ 75 6 135 Obarment
3 100-150 6 150 Obarmelur
3% 150-200 8 VS Obarmo
4 200-300 8 185 Obarmori
4% 300-350 8 200 Obba
5 350-500 IO 250 Obbarum
6 500-800 IO 300 Obbis
7 800-1500 12 350 Obdidi

High Lift Pachuca Tanks at a Mexican Mine 
Solutions handled by the Air Lift.

Sullivan Central Air Lift 
Pumps

General Code Word, Obdormio
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s ’aS a § 0 c

Og. Q Ö CO PL, 0 £ K* V
2o 
0.3

O - 6 43
•ë 8a rt 0 0

<0 QK uu

I (V
Ö 2 25 Obduca

1% 2 30 Obducant
IX 5- 3 35 Obducatur
2 3 40 Obducer
2X 0 4 45 Obducetis
3 N 4 5° Obducis
3l/2 cn 5 55 Obducitus
4 6 60 Obduxit
4/^ 6 65 Obediens
5 "Ö 7 75 Obedielur
6 .S 8 100 Obedio
7 p ri £ 43 9 125 Obedivi
8 flj O

4-J .CO IO 150 Obedivist
9 11 175 Obeor

10 CD 12 200 Obequilo
11 IS 225 Obesitae
I 2 î *~**^ 14 250 Obesae
13 l6 275 Obesis
14 a l8 300 Obeso
15 l8 325 Obesum

Threaded Discharge Nipple with Jamb Nut and a Back Outlet Elbow. With the 
Standard Pump only, one Air Line Stuffing Box. When well casing is used as dis­
charge with the Central pump, no flanges will be supplied.

Sullivan Boosters
General Code Word, Oblecta

D
ia

m
et

er
, In

ch
es

 !
H

ei
gh

t, I
nc

he
s

Ca
pa

ci
ty

 G
al

lo
ns

, 
pe

r M
in

ut
e 

__
__

__
__

__
__

A
pp

ro
x.

 Sh
ip

pi
ng

W
ei

gh
t, P

ou
nd

s

Co
de

 W
or

d f
or

 
B

oo
ste

r C
om

pl
et

e

24 24 50-100 800 Oblidere
30 30 IOO-2OO 1500 Oblidetus
36 36 200-400 2000 Oblidis
42 42 400-600 1500 Oblidunt
48 48 600-800 2000 Oblisi

Boosters .will be made of cast iron up 
to the 36-inch size; larger, of boiler 
plate, riveted.

Inlet and discharge flanges are fur­
nished to suit specifications.

Equipment.—The prices of complete 
pumps include the Foot Piece, Com­
panion Flange, Made-up Flange, Bolts 
and Gasket, Umbrella Separator or 
Long Sweep Elbow, Nipples, Gauge 
Connection and Mine-Cock Adjusting 
Valve. With the Standard and Central 
Pumps are also furnished a Long
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In ch *anD e c im a l  P a r ts  of

Decimals of an Inch for Each Mhth

(C o n tin u e d )P ip e  T a b le s ,

In se r te d  J o in t  C asing  *

2 i 2 .2 5 0  2 .0 5 0  .lOO
2 y 4 ' 2 500  2 .2 8 4  .108

I IS 
3  i 3  250  3  0 1 0  .120

3Ÿ4 3 .5 0 0  3 2 5 0  .125

3V2 3 .7 5 0  ! 3 .4 9 2  -129

3 %  4 0 0 0  j 3 .7 3 2  .134

4  4  250  ; 3  9 7 4  -138

4*4 4 .5 0 0  1 4 2 1 6  .143

S S  tft

5 5 .2 5 0  4  944  'S 3

a E  t£

6V i 6 .6 2 s  6  287  .1 6 9

sî E  B  $

84l 5S :S

9 %  1 0 0 0 0  9 5 8 2  .209

10%  I I  0 0 0  1 0 .5 5 2  .224

1 1 %  1 2 0 0 0  l i .  514  -243

12^2 IS  OOO I2 .M 82  .259

I3V2  14 OOO 13 448  -276

14V2’ IS  0 0 0  1 4 .4 1 8  291

 

i$ y 2  1 6 0 0 0  1 5 3 9 6  .3 0 2

V«J4 

33  §  

39  
40  

43  

n  

% 
49 

51 

53  
54 

s4  

S  

64

Decimal

015625 
03125  
046875  
0625  

078125  
09375  
109375
125 

: g "  

203125  
21875 
234375 

. 265625 

.296875  

.3 1 2 5  

.328125  

.3 4 3 7 5  

.359375  

.3 7 5  

.390625  

.40625  

.421875  

.4375  

.484375
• 5

iC 

6z 

% 

% 

ŸZ 
zz 

oz 
61 
r. 

s 

II 
01 
6 

?

Î 

t 
f
I

7 

8

9

i r

13 

15

16

J  H e a t  E qu ivalen ts5M ech an ica l, E lec trica l

One Horse Power is equal to: 746 W atts, 
0.746 K. W., 33,000 ft.-lbs. per minute, 550 ft.-Ibs. 
per second, 2,545 heat-units per hour, 42.4  heat­
units per minute, 0.707 heat-units per second, 
0.175 Ibs. carbon oxidized per hour, 2.64 lbs. water 
evaporated per hour from and at 212° F.

A l l  W e i g h t s  a n d  D i m e n s i o n s  a r e  N o m i n a l

D i a m -  !

L e n g th  e t e r  o f  

.9 6 ’  2 340

1 .0 1 7  2 .8 6 6
1 ,0 4 2  3 .1 2 2

I .0 6 7  3 -3 8 0
1 .0 9 2  3 -6 4 0
1 . 117  3  898
1 . 142  4 .1 5 8

I .1 6 7  4 4 1 6
I .1 9 2  4 674
1 .217  4  930
1 .2 4 2  S IS «

t .2 6 7  5 446
1 .2 9 2  5 M
1 .3 4 2  6 .2 1 8
I .3 7 3  6 .2 4 6 

I  405  6 .8 5 3
1 .4 4 2  7 -3 3 8

!.S 13
1 .6 3 6  8 .8 6 7
1 .6 7 3  9 -2 S 8
X .773  1 0 .2 8 4
1 .8 7 3  n . 3 1 4
1 .9 7 3  1 3 -3 5 2
2 .0 7 3  1 3 3 8 4
2 .1 7 3  1 4 4 1 8
2 .2 7 3  I S -448

2 .3 7 3  1 6 .4 7 0

14

14 

IlV

I I I
I I 1

I I ’

2 .2 9 6  

3  572  

4 .0 1 1

5  533 

6  to p  

7  870

8  338 

1 0 .2 2 2  
11 .789  

: Æ  

15 522  i S  

3 0 .5 1 2  
3 5 -2 4 3  
4 0 .4 5 4  
4 5 .7 1 4  

50  632

Thick-

Internal

* ( F r o m  B o o k  o f  S t a n d a r d s ,  N a t i o n a l  T u b e  C o . )
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F eet and  Inches. A r e a  in  sq u are  fee t  and  C apac­
i t y  in  U . S. G a llo n s  f o r  one f t .  in  d ep th . *

( I  ga llon  — 231 cu b ic  inches  =  i  cu b ic  (001/7.4803  =  0.13368 cu b ic  fo o t.)

A re a . G allons , 
sq u a re  I 1 fo o t 

fee t d e p th  

283 53 2ISO.9 
291.04 I 2177.1 
298 65 ‘ 2234 O 
306.35 22917  
314.16: 2350 1 
322 06! 2409.2 
S30 06  2469 i  
338 16 2529 6 ä ä  z ;  

363.05! 271S 8£ £
388 8 2 j 2908.6

,z83
415 48 31080  
424 56 3175 9 
433 74; 3244 6 
443 01 3314 o s ! ® ;  

481.11 3598-9 
490 87 3672 o 
SOO 74 3745 8 
510 71 3820 3 5 ^  77 3895 6 
530 93 3971 6 
541 19: 4048 4 
5 V  55! 4125 9 
5Ö2 OO; 4204 l  
312 56 4283 O 
S äj 21' 4362 7 
593 96 4443-1 s  O  »  
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211.51 S I  
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399.88 S S Î  

475 89 
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530.24  t i  
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710.90 M  

831 65 

955 09 
992.91  

1031 5 
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Loss of Air Pressure in Pipes, due to Friction; 
Applies to all Pressures and for Volumes up 

to 3000 Cu. Ft. of Free Air

♦Example:
What is the loss of pressure and the terminal pressure with 350 cu. ft. of free air 

compressed to 90 lbs.? Initial gauge pressure passing through 500 ft. of 2 in. pipe.
From the table it will be seen that the number corresponding to the diameter of

Cu
bi

c F
ee

t 
of

 Fr
ee

 A
ir 

pe
r M

in
ut

e Divide the number corresponding to the diameter of the pipe and volume 
in cu. ft. of free air by the ratio of compressions from free air. The result 
is the loss in pounds per sq. inch in 1000 feet of pipe. *See example.

Diameter of Pipe in Inches

% 1 2 2^ 3 3^-
6

12
24
48
75

100
125
150
200
250
300

43.5
173.
753.

5.7
22.8
91.

362.

1.4
5.3

21.
85.

200.
373.

.4
1.5
5.9 

23.5 
57. 
92.

163.
230.
368.

2.2
8.5

21.
37.5
59.
83.5

150.
216.
338.

2.
4.9
8.7

13.6
19.5 
35.
54.5 
79.

1.6
2.7
4.4
6.3

10.8
17.7
25.3

2.3
3.7
6.4
9 3

2.9
4.2

2 2^ 3 3^ 4 V/2 5 6 7
350 
400
450 
500
600 
700
800 
900

1000 
1200
1400 
1600 
1800 
2100
2400 
2700 
3000

105.
140.
174.
216.
316.

33.
45.
55.
68.

100.
133.
172.
219.
272.
400.

12.7
14.8 
20.7 
26.
37.
51.
59.
83.

104.
148.
204.
236.
332.

5.5 
7.1 
9.4

11.1 
16.6 
21.8 
29.
38.
44.
67.
87.

114.
150.
196.
266.

2.7 
3.6 
4.1 
5.6
7.3

10.9 
14.3 
16.5 
22.
29.
44.
57.
66.
98.

117.
149.
201.

1.9
2.3
2.9
4.
5.8
7.5
9.2

11.7
16.
23.
30.
35.
52.
65.
82.

100.

1.7
2.5
3.4
4.4
5.4
6.8
9.6

14.
18.
22.
30.
38.
49.
60.

1.8
2.2
2.8
3.9
5.5
7.1
8.8

12.5
15.5
19.5
24.

1.4
1.9
2.6
3.1
4.3
5.9
7.7
9.8

12.

pipe and the volume mentioned is 105.
90 4~ J4-Z _ - j Atmospheres or Compressions.

IV
I000' = 2 I0S- = 52.5 = 7-4 Lbs. Loss.
500' 2 7-1

90 Lbs. Initial — 7.4 Lbs. Loss = 82.6 Lbs. Terminal pressure.
This table is adapted from Elmo G. Harris’ Formula P— c —■ X “■—
in Compressed Air. McGraw-Hill Book Co., 1910. J a6 r

f=Loss of pressure per sq. inch.
c=An experimental coefficient.
1=» Length of pipe in feet.
d=Diameter of pipe in inches.

Va=Cubic feet of free air passing per second.
r=Ratio of compressions from free air.

Values for “C” Used
d= in. M i 2 3 3^ 4 4^ 5 67
C” 1.47 1.21 1.3s 1.16 1.02 i .95 .9 .86 .82s .775 -7IS .825 .8
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Horsepower (Theoretical) Required to Compress 
100 Cu. Ft. Free Air to Various Pressures

Gauge Pressure Single-Stage Two-Stage

Saving of Two-Stage Over Single- 
Stage Compression

Horsepower Per Cent

5 1.97
10 3.61 1
15 5.02
20 6.28
25 7.44
30 8.45
35 9.41
40 10.30
45 11.13
50 11.92 10.65 1.28 10.70
55 12.67 11.25 1.42 11.22
60 13.37 11.81 1.57 11.72
65 14.05 12.34 1.71 12.18
70 14.70 12.84 1.85 12.61
75 15.32 13.32 2.00 13.04
80 15.91 13.77 2.13 13.40
85 16.48 14.21 2.27 13 ..77
90 17.04 14.63 2.41 14.12
95 17.57 15.03 2.54 14.45

100 18.09 15.42 2.67 14.77
110 19.08 16.15 2.93 15.36
120 20.01 16.83 3.18 15.90
130 20.90 17.46' 3.43 16.42
140 21.74 18.07 3.67 16.89
150 22.55 18.64 3.91 17.33
160 23.32 19.26 4.06 17.40
170 24.06 19.78. 4.29 17.80
180 24.77 20.27 4.51 18.18
190 25.46 20.74 4.70* 18.46
200 26.12 21.19 4.93 18 88
210 21.54
220 21.96
230 22.37
240 22.76
250 23.03
260 23.28
270 23.84
28Ü 24.19
290 24.53
300 24.85
350 26.35
400 27.65
450 28.85
500 29.97
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125 
Pounds

.486

1.97

7.85

31.4

125.

282.

502.

785.

Fl
F lo w in g  from  a R o u n d  H o le  m  a R e c e iv e r  in to  th e  A tm o sp h ere

T h ese  q u a n ti t ie s  a re  c o rre c t  o n ly  f o r  an  o r if ic e  w i th  c o u n te rsu n k  edges an d  a re  n o t  c o rre c t  f o r  a ho le  w ith  s tra ig h t  edges. *

RECEIVER GAUGE PRESSURE

100 
Pounds

90 
Pounds

i 80 
Pounds

70 
Pounds

60 
Pounds

50 
Pounds

45 
Pounds

35 40
Pounds Pounds

25 30
Pounds Pounds

10 15 20
Pounds Pounds i Pounds

5 
Pounds

2 
Pounds

D iam ­
eter  of 
Orifice 
Inches

.225 

.914 

3.64 

14.50 

58.2 

130.

232.

364.

522.

710.

930.

.208 

.843 

3.36 

13.4 

53.8 

121.

215.

336.

482.

658.

860.

.19

.77

3.07
12.27

49.09
110.45

196.35 

306.80 

441.79
I

601.32
785.40

.173 

.71 

2.80 

11.2 

44.7 

100. 

179. 

280. 

400. 

550. 

715.

.156

.632

2.52

10.

40.

90.

161.

252.

362.

493.

645.

1000.

.133 

.54 

2.16 

8.6 

34.5 

77.

138.

216.

310.

422.

550.

860.

.119 

.485 

1.93 

7.7 

30.8 

69. 

123. 

193. 

277. 

378. 

494. 

770.

.103 

.418 

1.67 

6.65 

26.70 

60.

107.

167.

240.

326.

427.

665.

960.

.0842 

.342 

1.36 

5.45 

21.8 

49.

87.

136.

196.

267.

350.

543.

780.

.0597 

.242 

.965 

3.86 

15.40 

34.60 

61.60 

96.50 

133.

189.

247.

384.

550.

985.

.038 

.153 

.647 

2.435 

9.74 

21.95 

39.00 

61.00 

87.60 

119.50 

156. 

242.

350. 

625.

Z 

Ml
I 

% 

% 

K 

% 

9A 

¥ 

¥ 

¥

See Bulletin 58-L. page 18.
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Sullivan M ach inery Company
122 South Michigan Ave., Chicago
Works: Claremont, N. H., Chicago, Illinois

Amsterdam, Holland 
Barre, Vermont . 
Boston, Mass.
Butte, Mont. . 
Christiania, Norway 
Claremont, N. H.
Cobalt, Ont. . 
Denver, Colo.
El Paso, Texas 
Havana, Cuba 
Huntington, W. Va . 
Ishpeming, Mich. . 
Joplin, Mo.
Juneau, Alaska 
Knoxville, Tenn. 
London, England 
Manila, P. I. . 
Nelson, B. C. . 
New York .... 
Paris, France .
Petrograd, Russia 
Pittsburgh, Pa.
Salt Lake City, Utah 
San Francisco, Calif. 
Santiago, Chile . 
Shanghai, China .
Spokane, Wash. 
St. Louis, Mo. . 
Sydney, Australia 
Tien Tsin, China 
Tokyo, Japan .
Toronto, Canada 
Turin, Italy . 
Vancouver, B. C. .

Heerengracht, No. 141 

185 Devonshire St.
48 E. Broadway 

Toldbodgaten 8b 
. Main St.

837 Equitable Bldg. 
. 511 Mills Bldg. 
Teniente Rey, 11 
. 841 Court St.

4th and Wall Sts.
Forrest Bldg.

Houston Bldg. 
. Salisbury House 
Calle Echague, 64

30 Church St.
18 Ave. Parmentier

Bolshaia Koniushennaia, 29
Farmers Bank Bidg. 

. Kearns Bldg. 

. 461 Market St.
Teatinos, 349 

4 Yuen Ming Yuen Road 
. . . Hutton Bldg. 

. Railway Exchange 
. Australasia Chambers 

. 37 Colborne St. 
Corso San Martino, 4 
Granville St. Bridge

Manufacturers of
Diamond Prospecting Core Drills; Coal Cutters, Air or Electric; 
Air Compressors for all purposes; Air Lift Pumps; Kock Drills and 
Hammer Drills for excavating rock; Drill Sharpeners; Automatic 
Cross-over Car Dumps; Hoisting Engines for deep mines; Quarry­
ing Machinery.

Cable Addresses: “Diamond, Chicago." “Payotto, Christiania,” “Mikewal, London,” 
“Sullimaco. Paris," “Eidorb, Sydney,’ “Collegium, Petrograd,”

“Dol ivan, Santiago" (Chile.)
Codes Used: “Al," “ABC, “Commercial Directory, "Fraser & Chalmers." 

“General," “Liebers ' (5 letter), “Western Union.”






