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Sullivan Machinery Company

BULLETIN 71-C. CHICAGO, MARCH, 1917

The Sullivan Air Laft Pumping’ System
Methods and Apparatus

UMPING water from deep wells by means of compressed air
Phas 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

SULLIVAN MACHINERY COMPANY [




Standard Terms Used in Air Llft Wor](

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.

1. Staric HEap: 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.

3. Pumping Heap: Level of water when
pumping as compared to ground surface ;
or top of well casing.

Static Head+Drop = Pumping Head.

4. Erevarion: Point above the ground
surface or top of well casing to which
water is raised. |

5. TorarL Lirt: Distance

SURFACE. water is elevated, from

NN 2 level when pumping,
to point of discharge,
at an elevation, and
includes:

Elevation+Static

Head+Drop=Total

Lift.

. Lirr: Distance the
water is elevated from ® {
level when pumping to i
point of discharge at ,
surface, and includes: i
Static head4Drop = i
Lift (or pumping head).

. SUBMERGENCE: Dis- .
tance below the pump- i
ing head at which the ‘
air picks up the water.

. I00 PER CENT: The

vertical distance the i

air travels with the i

water from point in- ;

troduced to point dis-
charged, and includes:

Total Lift or Lift+4

Submergence = 100 per

cent.

STARTING  SUBMERG-

ENCE: Distance below

the static head at

which the air picks up
the water and includes: {
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Drop--Submergence = Starting Submergence.

Among the advantages of pneumatic pumping may be noted:
1. QuanTITY: More water can be secured from the same wells than
by any other system.
. Quarity: Improvement in the character of the water, due to
aeration, as to purity and solubility.
3. TEMPERATURE: Reduction in temperature, due to absorption of
the heat in the water, by the air.
4. DURABILITY AND SimpricITY: 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.

N

These advantages may be explained more fully as follows:

There is no question but that more water can be secured from a
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
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.

3

Advan-
tages of
the Air
Lift

Quantity

Quality




Sullivan Air Lift Instal-
lation, Municipal Water
Works, Buhl, Minn-
esota. The air Lift
raises the water into a
reservoir, from which it
is forced into the stand-
pipe or the mains by
centrifugal pumps. The
Compressor is a Sulli-
van ‘“ WB2,” two-stage
Machine

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
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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
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

= Before
| :

= After

APennsylvania

comes in contact with any moving
parts and the machinery is in the
power house directly under the eye of

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°,

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 general thing, manufacturers
have sold compressors for this work
upon the specifications of the cus-
tomer, without making a thorough
investigation of his requirements or
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, whichat that time was thought
to be as high as could be depended upon. Since then, experiments

)
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* Straight ™
Air Lift

Types of
** Straight
Air Lift

-{—-— = Eduction ‘)L Pipe

{al (b) (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. Tue Oursipe 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. Tue CEnTRAL Prpe 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




tions.

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 class
of air lift installa-

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, IlI., 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.




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. )
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