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SCS NATIONAL ENGINEERING HANDBOOK 8-1
SECTION 15

IRRIGATION

CHAPTER 8. IRRIGATION PUMPING PLANTS

Geperal

The pumping plant is essential in many irrigation systems. Pumping
conditions usually determine the type of pump that should be used. The
irrigation pump must be fitted to the water supply and to the job to be
accomplished if high efficiencies are to be obtained. Its selection
must be accurately made to secure desired results and economical opera-
tion.

Several differeant types of pumps are available to meet the needs of
irrigation, These include the centrifugal, turbine, propeller air-
1ift and piston or reciprocating pumps. The centrifugal, turbine, and
propeller pumps are the types commonly used for irrigation pumping.

Centrifugal pumps usually give efficient operation over a relatively
wide range of operating conditions when pumping against total heads ex-
ceeding epproximately 12 feet. The centrifugal pump sucks the water
from the source of supply to the pump., It is, therefore, limited to
locations and conditions where this distance is within the limits of
suction. This limitation will be discussed under the section on deter-
mining suction 1lifts for centrifugal pumps.

Because it operates successfully under any head, the deep-well turbine
pump is best adapted to use in wells, It is used in installations where
centrifugal pumps cannot be set near the water surface.

The propeller pump is adapted to delivering a large quantity of water
under low heads. It 1s adapted to surface irrigation where large
streams at low heads are required. The propeller pump also is used
extensively in pumping for drainsge.

For deep wells with relatively high static water levels, the airlift
pump is of limited application. The initlal cost is generally lower
than that for other types of pumps, but the operating efficiencies are
rather low.

The piston or reciprocating pump is no longer used extensively in irri-
gation. This pump is efficient for relatively small capacities at high
heads.,



8-2
Centrifugal

General.

Centrifugal pumps are built in two types——the horizontel centrifugal
and the vertical centrifugal. The horizontal type has a vertical im-
peller connected to a horizontal shaft. The vertical centrifugal pump
has a horizontal impeller connected to a vertical shaft.

Both types of centrifugal pumps draw water into their impellers, so they
must be set only a relatively few feet above the water surface. In this
respect the vertical type has an advantage in that it can be lowered to
the depth required to pump water and the vertical shaft extended to the
surface where power is applied. The centrifugal pump is limited to pump-
ing from reservoirs, lakes, streams, and shallow wells where the total
suction 1ift is not more than approximately 20 feet.

The horizontal centrifugal (fig. 8-1) is the one most commonly used in
irrigation. It costs less, is easier to install, and is more accessible
for inspection and maintenance; however, it requires more space than the
vertical type. To keep the suction 1ift within operating limits, the
horizontal type can be installed in e pit but it usually is not feasible
to comstruct watertight pits more than about 10 or 15 feet deep. Elec-
trically driven pumps are best for use in pits because they require the
least cross-sectional area.

The vertical centrifugel pump may be submerged or exposed. The exposed
pump is set in a watertight sump at an elevation that will accommodate

the suction 1lift. The submerged pump is set so the impeller and suction
entrance are under water at all times. Thus, it does not require priming.
But maintenance costs may be high as it is not possible to give the shaft
bearings the best attention. Pumps of this kind usually are restricted
to pumping heads of about 50 feet.

tien.
The centrifugal pump operates on the principle of centrifugal action,
In a centrifugal pump, a motor or other driver rotates an impeller fitted
with vanes immersed in water and enclosed in a casing. Water enters the
case at the center and 1s immediately engaged by the impeller which is
in rapid rotation. This rotation causes a flow from the center of the
impeller to its rim or the outside of the case where pressure head is
rapidly built up. To relieve this pressure, the water escapes through
the discharge pipe. The centrifugal pump will not operate until the case
is entirely full of water or primed. The need of priming is one of the
disadvantages of the horizontal centrifugal pump.

Characteristics.
The principal characteristics of a centrifugal pump are:

l. Smooth, even flow--easy on pump, motor, piping, and foundation.

2. Adapted to high-speed operation and to different speeds.
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3.

4.

5.

7.

8.

Nonoverloading of power unit with increased heads but there may be
some danger of overloading if head is decreased.

Capacity and head depend upon r.p.m. and impeller diameter and width.
In a given pump, the capacity and head will vary according to the
individual operating characteristics of that pump; that is, an
increase in head reduces the capacity and vice versa.

Horsepower is a function of capacity, head, and pump efficiency.

When the speed is kept constant, capacity decreases as head increases
and power 18 reduced. Likewise, when the head is reduced, capacity
increases and power goes up.

When the operating speed is changed (fig. 8-2) the capacity will
change in direct proportion to the variation in speed. At the same
time, the head will vary as a square of the change in speed while
horsepower will change as the cube of the change in speed. This is
represented by the following formula (variable speed-diameter
constant):

r. p. m, cap, -/ head E/F_E;I

1= 1 = 1 -

r. p. m.2 cap.2 / head m
2

When it 1s necessary to vary the characterietics of a pump opers-
ting at constant speed, the same relationships expressed in 6

hold except that here it is the diameter of the impeller that i3
changed, Then the capacity varies directly with the diameter;

the head varies as a square of the diameter; and the horsepower
veries as & cube of the diameter. Thias is expressed by the follow-
ing formula (varicble diameter-constant speed):

dia, cap. < head 3/ h
2. _a. Y 3.7 h

dia, cap. m m
2

2 2
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9. These changes (7 and 8) take place with little or no change
in efficiency for small changes in speed and impeller dia-
meter (maximum increase of speeds of about 5 percent), For
large changes in speed or impeller diameter, the efficiency
will be reduced.

Characteristic .
For a particular job, the best selection of a pump will be one that

will operate at its peak efficiency. Unfortunately, this is rarely
possible for there is only one capacity and one head condition for
each pump where the highest efficiency is obtained. Because it is
obviously impossible for any manufacturer to design and build the
many pumps required to meet all operating conditions, manufacturers
have settled upon standard designs for required head and capacity
ranges., A well-designed and integrated line of pumps will be so ar-
ranged that it is possible to select some pump from the line for any
condition and obtain an efficiency that is within a few percentage
points of the maximum., Characteristic curves are available and should
be used to select the best pump for the particular job.

These curves have been developed at the factcry after exhaustive tests
during which the water capacity, pressure, power input, etc., are care-
fully measured and plotted on a curve,

A full set of characteristic curves includes, in addition to the head-
capacity curve for different speeds, an efficiency curve and a horse-
power curve (fig. 8-3). The head-capacity curve for the constant
speed of the pump represents the varying quantities of water delivered
by the pump with variations in head. Head-capaclty curves for diff-
erent recommended speeds of the pump are shown., The horsepower curve
shows the amount of power required to drive the pump. The efficiency
curve shows the amount of usable work done by the pump in percent of
power delivered to the pump shaft, Efficiencies may be determined for
any given head, speed, and capacity. The pump selected should be with-
in the range of greatest efficiency. Pumps of identical design will
have practically identical characteristics with only slight differences
due to unavoidable foundry variations.

Data for Selecting Pump.
The following information usueally is needed by the pump manufacturer

to furnish the correct size and type of pump for a particular in-
stallation:
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Required:
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Solution:
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t.d. h. on the left side of curve, follow the doited line to
its intersection with the 480 g.p.m. line extending up from
the bottom. The intersection of the vertical and horizontal
dotted lines indicates that this pump will be satisfactory if
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centrifugal pump,
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Source of water supply « « « ¢ o

Vertical suction 1ift « « ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o & ft.
Length of suction pipe « ¢« ¢« ¢ ¢ ¢ ¢ o ¢ ¢ o & ft.
Number and kinds of bends required . . . + « &

Foot valve and strainer. . « « « ¢« ¢ ¢ ¢ o ¢ &

Static discharge 11ft « « ¢« ¢ ¢ ¢ ¢ o o ¢ ¢ o o ft.
Discmge head required s 6 ¢ & o ¢ o o o o o o fto
DiSChB.rge capacit}' of PUID ¢ ¢ o ¢ o ¢ o ¢ s & S.pelle

Pump location: Movable Permanent
Type of driver: Electric Voltage Phase Cycle
Gasoline Dlesel
Power Takeoff Natural or L.P. gas
. Power unit: Separate from pump Combined with pump

Installation.

For a centrifugal pump to continue to operate at its designed efficiency
and also to prolong the life of the equipment, the pump should be correct-
ly located, have a good foundation, and be properly alined. The following
factors should be considered in locating the pump:

1l. Easily accessible both for inspection and maintenance.

2. Covered to protect it from the elements. A house can be
used on permanent installations. In the case of a house,
available headroom should be provided for servicing the
equipment.

3. Safeguarded against flood conditions unless e wet pit-type
pump is used.

L. Placed as close as possible to the water supply so as to make
the suction line short and direct.

Pumping units that are to be installed in a permanent location provide
the opportunity for developing the best type of foundation (fig. 8-4).
Concrete is the best material for constructing a good pump foundation.
The pump unit should be securely fastened to the foundation. A recom-
mended method of setting the foundation bolt is shown. The coupling
between the pump and power unit must be in correct alinement regardless
of the type of coupling., Figure 8-4 shows how a coupling can be checked
for alinement with a steel straightedge. When the coupling is by a
shaft and double universal joint, a shield should be placed over and

around the two horizontal sides to protect the operator from the fast-
moving shaft,

To operate properly, the pump must be at a level position at all times.
Figure 8-/ shows how 4 to 6 wedges can be used to raise the entire
pumping unit about 3/4-inch ebove the foundation. The wedges can then
be adjusted as necessary to btring the pump into a level position. After
the pump has been leveled, a dem should be built at least 2-1/2 inches
high around the base plate; then concrete poured in to required depth
and allowed to harden thoroughly. The wedges may be left in place.

When the concrete is hardened, the foundation bolt should be tightened
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and a recheck made of the alinement. If there is any misalinement,
jt can be corrected by placing shims under the pump, motor, or
brackets.

The motor should now be checked to see that it rotates in the proper
direction, The rotation of the motor must be in the same direction
as the arrows on the pump casing.

It is important thet pumps line up naturally with their power unit
and piping. Pipes should not be forced into place with flange bolts
as this may draw the pump out of alinement. Suction and discharge
pipelines should be supported independently of the pump so as not to
put any strain on the pump casing.

The suction pipe, particularly in the case of long intake pipes and
high suction 1ifts, should be laid with a uniform slope, upward from
the source of water to the pump. %Thers should be no high apots where
air can collect and cause the pump to lose its prime. The inlet end
of the suction pipe should be suspended above the earth bottom of a
stream or pond or laid in a sump made of concrete or metal. On hori-
zontal suction lines where a reducer is used, it should be of the
eccentric type with the straight section on the upper side of the
line and the tapered section on the bottom side.

Air mey enter the suction pipe entrained in the water, or by means

of whirlpools which form in the sump when the water velocity is too
high in the inteke pipe. If the water level in the sump is too low,
or the inlet nozzle is not sufficiently submerged, air may enter the
suction pipe through vortex or whirlpool. This generally can be over-
come by using a larger suction pipe, especially if the pipe is flared.
In shallow water, a mat or float located above the suction inlet will
reduce the vortex. Pipe sizes should be increased until the water
velocity i1s less than 3 feet per second at the entrance. A stream of
water falllng into the sump near the inteke pipe will churn air into
the water and cause trouble in the suction line. This can be overcome
by extending the suction line deeper into the water,

When water must be pumped from a well or a sump of small cross-sectional
area, the water will tend to rotate, and this will interfere with the
flow into the suction line. This is particularly true in cylindrical
sumps or wells. A baffle placed on opposite sides of the suction pipe
and at right angle to tie rotation of the water overcomes this trouble.

A short elbow should never be bolted directly to the suction opening

of a pump. Such a sharp bend so near the pump inlet causes a disturb-
ance in the waterflow and may result in noisy operation, loss of effi-
ciency, and heavy end thrusts. This is particularly true when the
suction 1lift is high., If it is necessary to meke a bend in the suction
line, it should be in the form of a long sweep or long radius elbow and
should be placed as far away from the pump as is practicable.
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Screens or strainers should be used to exclude debris from the suction
line. If the source of water contains large amounts of small debris, a
screen placed around and 2 or 3 feet from the inlet of the suction hose
will provide good protection and be less likely to clog. Strainers are
generally small and are fastened to the end of the suction pipe. They
are satisfactory in relatively clear water.

In some cases, it is not possible to locate the centrifugel irrigation
pump in a permenent location. It msy be needed in more than one location
on the farm. This increases the difficulty of providing a proper founda-
tion. Portable pump units generally are mounted on wheels or skids. It
is highly important to locate this type unit so that it is level, is on
firm ground, and is securely staked in place so that it will not shift
during the time it is operating.

In pumping from rivers with moderately sloping banks, the horizontal centri-
fugal pump may be mounted on skids, on sloping timbers or track so that it
can be removed quickly from floods. This method also can be used where the
water level fluctuates sufficlently to be out of range of suction 1ift if
the pump were installed in a permanent location. With steep banks it may

be necessary to build a foundation platform secured to piling or to place
the pump unit on a floating berge or boat.

Priming.

Centrifugal pumps, due to their nonpositive action, must be primed before

the pump will operate. They will not 1lift water from a source of supply
unless the pump casing and the suction pipe are both full of water. This

can be accomplished by one of the following priming methods that are generally
used in irrigation pumping:

1. By use of a foot valve and water from an outside supply (fig. 8-5).
The outside supply must be large enough to keep the pump and
suction line filled until the pump is primed. To prims, close
discharge gete valve, open air vent valve, and open gate valve
in supply line until all air is expelled and water issues from
vent openings. Close valve in supply line, close ail: vent valves,
and start pump; then open discharge gate valve.

2. By separate hand-controlled priming pump and foot valve (fig. 8-6).
The hand-priming pump is a simple, high-speed air pump with its
primer suction inlet connected to the priming part of the centrif-
ugal pump. If connection is made on the pump dlscharge, a valve
must be installed in the priming line. The pump handle is used
to actuate a diaphragm in the priming~pump chamber. Air is drawn
into the chamber from the centrifugal pump through a suction valve
on the "upstroke" and discharged through a discharge valve on the
"downstroke." To prime the pump, close the dlscharge gate valve
and air vent valve. Open valve in priming line. Exhaust air
from pump and suction piping until water flows from priming pump.
Close valve in priming line, start centrifugal pump, and open
discharge gate valve.
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By engine exhaust (fig. 8-7). Pumps powered by combustion
engines can be primed by a device utilizing the enginets
exhaust gas. It is known as an ejector primer. This device
is essentially a velocity pump for the removal of air from
the centrifugal pump and the suction line by the entraining
action of a rapidly moving Jet of exhaust gas from the engine.
With the ejector primer, a check valve or gate valve is used
on the discharge side of the pump to prevent the entrance of
edditional air into the pump casing during priming. A small
tube with a shutoff valve connects the ejector to the pump
casing, forming a passageway for air removal.

To prime the pump, close the discharge gate valve, open

the shutoff valve, and start the engine. Hold the handle

of the primer down on the exhaust valve to close it. Exhaust
gas is now bypassed through the ejectar. The rapidly moving
exhaust gas expanding and contracting in passing through the
ejector nozzle and Venturi tube entrains alr in the mixture at
the induction chamber. The continued entraining effect rapidly
removes air from the pump casing, and water is drawn into the

suction pipe and pump casing.

As soon as the pump is primed, water vapor discharges from the
Venturi tube. Then open the discharge gate valve if ome is
used instead of a check valve; start the pump and close the
shutoff valve in the primer. After priming has been completed,
the primer handle should be laid over 180° from the priming
position to permit the exhaust valve to float in the exhaust
stream,

By manifold primer (fig. 8-8). The manifold primer can be
used on a wide variety of combustion engines which operate

on gasoline, natural or LP gas and have four or more cylinders,
This primer uses the engine manifold vacuum to evacuate air
from the pump casing and suction line. It is equipped with a
float valve that provides instant and positive c¢losure as soon
as priming is complete to prevent reverse flow during normal
pump operation. The manifold primer is almost automatic on
most installations; however, it is generally furnished with a
reset switch to open the float valve eny time it closes pre-
maturely.

To prime pump, close discharge gate valve, run motor at slow
speed, and open shutoff valve of primer. When pump is full
of water, close shutoff valve, accelerate engine, and open
discharge gate valve,

By dry vacuum pump (fig. 8-9). Priming by this method involves
the use of a dry vacuum pump powered by an auxiliary motor or
belted or geared-to-the-pump motor to evacuate air from the
pump casing and suction line. The installatiou requires a
float-controllied air-release valve which will permit air to
pass, but will close when water fills the chamber to prevent



:

Figure 8-8,—Priming with manifold primer,
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water being drewn into and daméging the dry vacuum pump. A
water-level indicator or sight glass, as shown in the drawing,
will help to determine when the pump is primed.

To prime pump, open the discharge gate valve if a check valve
is not used, open the primer shutoff velve, and start the
vacuum pump. When the pump is primed, close the shutoff
valve, stop the vecuum pump, and start the centrifugal pump.

6. Self-priming centrifugal pumps. Self-priming centrifugal
pumps are made by several manufacturers., With this type of
pump the pump chamber and hopper must be first filled with
water, Therefore, its advantage 1s primarily confined to
the smaller size pump. They are used extensively by contrac-~
tors but are generally limited to small irrigation systems.

After the pump is filled with water, the engine is started,

and the water within the impeller is discharged upward into the
chamber (fig. 8-10, A). This action instantly creates a
vacuum at the impeller eye. Air from the suction line and
water within the pump rush into-this void. They ere mixed

at the impeller periphery and discharged upward into the
chamber where the air escapes from the water, The force of
gravity pulls the heavier air-free water down to the impeller.
More air is entrained and the cycle is repeated until the pump
is primed.

When the pump is primed and pumping channels 1 snd 2, shown in
fig. 8-10, B, become one common discharge channel, the water

is no longer circulating within the pump while pumping. The
pump is equipped with a check valve at the suction inlet to

the pump, and thus the punp is always full of water and priming
is automatic after the pump is once filled by hand.

Trouble Checklist.

When the centrifugal pump fails to operate or the discharge or pressure
drops, the cause of trouble should be investlgated irmmediately and
steps taken to eliminate it, Investigation shows that the majority

of troubles with centrifugel pumps, except mechanical fajlures, can

be traced to the suction line, its joints, elbows, foot velves, and
other accessories. Alr lesks in the suction line must te elimin-

sted to attein the meximum suction 1ift for a given installaetion,

The following checklist will be helpful in locating the cause of the
trouble;

Pump fails to prime.

1. Failure of the pump to prime is wmostly occasioned
by an air leak in the auction line or in the pump.
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The most common sources of air leaks are in the threaded
connection of the suction line., Coat these connections
with pipe cement or white lead and then draw them tight.,
M1 connections provided with gaskets must be drawn up
tight.

The check valve on the discharge side of the pump may have
debris lodged between the rubber flap and the valve seat.
This will prevent the valve from sealing and forming an air-
tight joint.

Occasionally, gaskets shrink and admit air intc the pump. Tight~
ening the flanges or connections will remedy this difti-
culty.

Rotary shaft seals may leak air if improperly greased or worn.
Check this by running the pump and squirting oil on the shaft
Just outside the seal, If oil is drawn into the seal, a leek
is indiceted. Filling the seal with grease may eliminate the
difficulty, but if the parts are worn, repairs mey be necess-
ary. If the seal is always kept full of the proper grade of
grease, little, if any trouble will be encountered.

Connections in the priming line between the pump and primer
must be air-tight or the pump will fail to prime.

Screw tight all drain and fill plugs in the pump case to
prevent air lesaks,

A plugged suction line or a collapsed suction hose liner
is a frequent source of priming difficulties. Do not over-
look this possibility.

Pump falls to develop gufficient pressure or capacity.

1,

Check pump speed. The capacity of the pump will vary

directly with speed, and pressure will vary with the square

of the speed. This means that increasing the speed 20 percent
will increase the caepacity 20 percent and the head 44 percent.
On internal engines, check the governor and adjust if necess-
ary. With electric motors, check to see if motor is across
line, wiring correct and receiving full voltege.

Check the suction line, strainer, and foot valve. They

may be clogged with debris., A frequent source of diffi-
culty is a collapsed suction-hose liner which has the effect
of reducing the capacity and pressure the pump develops.

The foot valve may be too small or not immersed deep enough
to prevent air being drawn in with the water,
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3.
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5.
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Check for air leaks in pump or suction line, Adir
leaks in the suction line or in the pump will oc-
casion a reduction in both capacity and pressure.

A small air leak which is not great enough to pre-
vent the pump from priming may reduce both capacity
and pressure.

Check suction lift., If the suction 1lift is too high,
reduction in capacity will occur. Lifts of more than
20 feet are definitely too high for efficient opera-
tion, and the closer the pump can be located to the
source of supply, the better will be the results
obteined. Refer to Determining Operating Conditions,
and discussion on computing suction lift.

Check length of suction lines. Iong suction lines

have the same effect as a high suction 1lift because

of the increased friction when the water passes through
the line.

Check for worn parts, Worn parts, such as impeller
wear rings, will reduce both capacity and pressure.
The impeller may be damaged or the casing packing
defective,

Check impeller for clogging. If the impeller is
plugged with foreign material, a reduction in both
capacity and pressure will occur,

Check piping layout., It is characteristic of cen-
trifugal pumps operated at constant speed that as

the pressure is increased, the capacity decreases.

In those cases where the pump pressure and capacity

are in accordance with the characteristic curve, and
when the speed of the engine cannot be increased, if
necessary make some alterations in the pipeline so as

to reduce the frictional resistance and thereby increase
the capacity of the pump.

Pump takes too much power.

1.

2.

Check speed of pump. If it 1s higher than rating,
reduce speed to pump rating.

Head may be lower than pump rating, thereby pumping
too much water.

Check for mechanical defects such as bent shaft, binding
rotating elements, too tight stuffing box, or misaline-
ment of pump and driving unit,
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Pump leaks excessively at stuffipg box.
1. The packing may be worn or not properly lubricated.
2. The packing may be incorrectly inserted or not properly run in,
3. Packing is not the right kind or the shaft may be scored.
Pump is noisy.

1, Hydraulic noise-cavitation-suction 1ift is too high,
Check this with a gage.

2. Check for mechanical defects such as bent shaft; binding rotating
parts; loose, broken, or worn-out bearings; or misalinement of
pump and driving unit,

Deep=Well Turbine Pumps

Genersl.

The deep-well turbine pump used in irrigation is adapted for use in
cased wells or where the water surface is below the practical limits
of a centrifugal pump, Successful installations have been made where
the water surface was 500 feet below the ground. Turbine-pump effi-
ciencies are comparable with those of a good horizontal centrifugal
pump. They will give long and dependable service if properly install=~
ed and maintained. However, they are usually more expensive than
centrifugel pumps and are more difficult to inspect and repair.

Turbine pumps are classified by the type of flow produced by the
impeller. The centrifugal type discharges water at right angles

to the axis of rotation., In the axial-flow type, the water is given
an upward thrust by the impeller similar to a boat propeller. Another
type commonly used is a combination of axial-flow and centrifugal and
is known as a mixed-flow turbine (fig. 8-11).

Operation,

The turbine has three main parts: the head, the pump bowl, and the
discharge column, A shaft from the head to the pump bowl drives the
impeller. The bowl is placed beneath the water surface. It has a
screen to keep coerse sand and gravel from entering the pump. The
turbine pump has stationary guide vanes surrounding the impeller.

As the water leaves the rotor, the gradually enlarging vanes guide

the water to the casing and the kinetic enmergy is converted to pressure.
The vanes provide a more uniform distribution of the pressure.

in the deep-well turbine pump, the maximum impeller diameter 1s deter-
mined by the diameter of the bowl which is, in turn, restricted by

the well diameter. Since well dieameters usually are relatively small,
the head developed by a single impeller known as a single-stage pump
is not great. It is usually necessary to use more than one stege to
create the required pumping head with one-stage impeller discharging
directly into another. The head produced by such a pump is directly
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proporticnal to the number of stages; that 1s, for gilven capacity, a
two-stage pump will produce twice the head of a single-stage pump, etc.

The type of impeller affects capacity., The capacity is determined by
the area through which flow occurs and by the velocity of flows through
this area, The veloclity is determined by the peripheral speed of the
impeller so that the quantity is then determined by the width of the
impeller, Of two impellers of the same diameter, the one having
greater width will have a greater capacity. The impeller may be de-
signed so that the discharge does not increase so rapidly with reduc-
tion in 1ift and thus an increase in the brake horsepower required at
low 1ift may be avoided. This is an advantage to prevent overloading
with changing conditions,

Impellers also may be designed with a higher efficiency over a narrow
range of discharges with a rapid decrease in efficiencies under both
larger and smaller heedss In wells where fluctuatione in 1ift frequent-
ly occur, impellers with flat-~topped efficiency curves usually will give
higher average efficlencles for all-season operations.

Seasonal fluctuations in the water table should be determined prior to
installing the pump sc that the bowls of the turbine pump can be placed
below the fsrthest drawdown point., Although a pump is capable of draw-
ing the water below the bowls by drawlng on the suction, it is bpetter
to have the suction 1ift in reserve against a lowering of the water
teble, In locations wnere fluctuations are apt to occur and it is
important to meintaln @ constant ~ischarge over the enticipeted pump-
ing range, o power unit with varlieble speecds must be used.

In areas of fluctuating water table, it is a good policy to install a
water-level measuring device with the pump. This will enable the oper-
ator to keep informed of ground-water conditions and to anticipate
system alterations and pump replacements,

Characteristic Curves.

Characteristic curves of the deep-well turbine pump are determined by
test and depend largely on the bowl deslgn and by the speed of the
impeller shaft, Head capacity, efficlency, horsepower, and rate of
spex]l are similar to those given for centrifugal pumps. Ffficlency
curves, in particular, are very similar if the pumps are operated at
their designed speed. Turbines, however, cannot operate at a high effi-
ciency over as wide a range of speed as cen centrifugal pumps. The
reason for this is that a high efficlency 1s possible only if the vanes
in the bowl are in line with the flow of water as it leaves the tip of
the impeller. When the speed of the impeller changes, the direction

of flow of water leaving the impeller also changes. This causes turbu-
lence against the vane and results in reduced efficiency.

Figure 8-12 shows a typical characteristic curve for a deep-well turbine
pump. It ie important that the characteristic curves be studled care-
fully in selecting a pump for any operating condition, If the pump is
too large, it will operate too far to the left of its curve; its



8-22

160
'\%
- .
w 140 N\\OGN
W « \\\60}
L w &
= 2 20
o5 ©° ¢
e a ¢z
o
we bt 5
UJ A
T o @
(& L2
© > T g
S i~ _CUI’ve \
g < W (ﬂ/’—— = =
2 E-_’ Y ‘:c“\GS \\
o5 =
w et _ |Curve ]
w ® aorsee=— —
[~ ¢ (O}
= °
(@)
~ 20
400 600 800 1000 1200 1400 1600
DISCHARGE (G.P M)
A
95 ////,
90 XS Z
c-::/
}—
ul 8s cfi‘/
LL‘LJ o
— °> >-
P | L~
- o° X gt e s o
w 0 -1 2
—_ S/ — w
J ()// —
78 70 O
7 -
x _ w
w 2% 70 Q’cb/ —— 65 W
= Ay owe — 7
Q . 65
w —
wn | T
(1 4
O s 60
T 160 1460 1760 2060

PUMP SPEED (R.P.M.)
B

Figure 8-12.--A, Typical characteristic curves for deep-
well turbine oump operating at constant speed. 3, Heads
at which a typical 10-inch turbine pump will deliver
500 g. p. M. topether with related factors of pumo.



&-23

efficiency will be low; and possibly a small increase in head will
caugse a large decrease in capacity. When the pump is too asmall, it
will operate ton far to the right of its curve. Again, thls provides
poor efficiency. The heau developed per stage will be low requiring
additional stages that would not have been necessary if a better
selection had been made., Figure 8-13 shows the effect of change in
operating conditions on pump efficiency.

Pump Selection.

The deep-well turbine pump, as constructed today, i1s fairly well
standardized both as to materlals used and general assemblage, Prob-
ably the greatest difference between the manufactured units is the
design of the bowl and impeller and in the method of lubrication.
Some companies offer oll-lubricated pumps; others water-lubricated;
and gome offer both., Both types have been operating successfully.
Wells producing fine sands should be equipped with an oil-lubricated
pump. wWater for domestic use must be free of oll, and since oil-
lubricated pumps waste some oil into the water, 1t 1s important that
water-lubricated pumps be used.

Each reputable manufacturer has developed a series of pump bowls that
have definite characteristics. They have tried to develop a series
of bowls that may be used singly or more commonly in a series to meet
any combination of head and discharge with a reasonably high efficien-
cy. Possibly the bilggest difference between manufacturers is in the
efficiency guaranteed over the range of pumping heads and discharges
gpecified, Quite often une manufacturer may be able to meet a range
of discharge and lift with a set of bowls at the peak of their per-
formance curve, while an:other msnufacturer may have to utilize a set
of bowls that i1s operating to one side or the other of their best
performance tu meet the conditions specified,

The selection of the proper sizes of pump column and shaft, type and
number of bowls, spacing of bearings and splders, etc,, and the match-
ing of the various units of the pump to meet all well conditions have
defied ell attempts at simplification and stendardization. Most
companies offering deep~well turbine pumps have built up their own
data from which the varicus parts of the turbine pump are selected

and matched tc meet a specific condition. These date are both vol-
uninous and falrly complicated. Tc specify limiting sizes of pump
column and shafting, material used, etc., may result in a pump installa-
tion that is more costly, and in some cases less efficient, than could
be obtained if the matching of the pump assemblage were left to the
bldder. If guaranteed efficiencles and complete description of the
unit are specified, it is felt that sufficient data will be obtalned
to make proper comparisons,

Data for Selecting Pump.

Before any pump selection can be made, it 18 necessary to have avall-
able accurete well data, Vhile a pump can be selected for any head
and capecity, an unsatisfactory lnstallation is certain to result
unless this pump matches the chsracteristics of the well, Every well
should therefore be tusted before a pump is purchased for permanent
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At A is shown the head-copocity curve for o well with the high-
woter-toble conditions that often exist in the spring, ot the
beginning of the pumping season.

The tield head capocity for the pump is shown ot B. Under
these conditiobns the two curves cross at X, which indicates that
this particular pump would deliver 700 gqollons per minute with @
lift of 39 feet.

A pump is chosen with the highest efficiency, about 71 percent
at this point os shown by efficiency curve GC. Later in the season
the woter toble may drop 10 feet, ond the new head-capocity curve
may appear os shown by the dotted line D. This crosses line B at
Y which now indicates that only 530 gollons of water will be
pumped per minute and thot the new heaod will be 46 feet instead
of 39.

The operating point hos moved down the efficiency curve, and
now the new efficiency is opproximotely 65 percent instead of
7! perceant.

In choosing o pump, it is well to obtoin occurote dato on the
fluctuations of the water toble. In this cose a pump with an
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A pump design which produces o f.ot-topped efficiancy curve
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dicjram.

Figure 8-13,--Effect of change in operating conditions on pump efficiency.
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installation. These tests should be made with the greatest accuracy,
since faulty capacity or head measurements are as bad as no measure-
ment at all. The following information is usually deeired by pump
manufacturers so that they can determine the type and size of pump
needed to fit the characteristics of the well:

Depthofwell.............. feot
Inside diameter of well caping . « « « & inches
Depth to static water level ¢« « ¢ ¢ « « feet

Furnish drawdown-yield relationship curve
Seasonal fluctuation in water table ., . . feot
Capacity of puap ® o & & 6 8 8 o & ¢ o o £pm
Depth to end of suction pipe e o o o o feet
Is strainer requj.I'Od? e 6 © 6 o o o o o @

Type of driver: Electrlic: voltage phacse cycle
Gasoline Diesel
Natural or LP gas power takeoff

Installation.

Most of the installation features discussed under eentrifugal pumps

also apply to turbine pumps. Deep-well turbine pumps must be in
correct alinement between the pump and the power unit, and the pump
should be alined in the well casing so that no part of the pump assembly
touches the well casing. This i1s important because vibration in the
pump assembly will wear holes in the well casing whenever the two come
into contact.

The pump must be mounted on a good foundation so that its alinement
between pump and drive and pump and well casing will be maintained

at all times, A foundation of concrete provides the most permanent
and trouble-free installation. The foundation must be large enough

so that the pump and drive assembly can be securely fastened. The
foundation should have at least 12 inches of bearing surface on all
sides of the well. In the case of a gravel-packed well, this l2-inch
clearance should be measured from the outside edge of the gravel pack-
ing. When the pump is installed in a gravel-packed well, at least

two cpenings should be provided in the foundation on opposite sides

of the wel% to permit refilling with gravel as the gravel-pack settles
(fig. 8-14).

Submersible Pumps

General.

The submersible pump is simply a turbine pump close-coupled to a
submersible electrlic motor attached to the lower side of the turoine.
Both pump and motor are suspended in the water, therseby eliminating
the long-line shaft and bearing retainers that are normally roquired
for a conventional deep-well turbine pump. Operating charact-ristics
are the same as described for deep-well turbine pumps.
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Submersible pumps are adapted to cased wells of 4 inches in diameter
or larger and settings generally in excess of 50 feet, The short-
line shaft makes it particularly adaptable to deep settings and
crooked wells, As the submersible pump hae no above-ground working
parts, it can be used where flooding may be a hazard by sealing the
well and placing the starting box, meter, and transformer on a pole
above high water. It is also adaptable to locations where above-
ground pump facilities would be unsightly or hazardous,

Operation,
The submersible pump consists of a pump and motor assembly, a head

assembly, discharge column, and a submarine cable to furnish power
to the motor (fig. 8-15).

The pump, belng a centrifugal-type turbine, is equipped with either
closed impellers or open impellers or some modification of these two
types arranged in serles. The closed-impeller type is generally used
vwhere it is necessary for the pump to develop high pressures. Water
enters the pump through a screen located between the motor and pump,

The submersible motors are made smaller in diameter and much longer
than ordinary motors so that they may be inserted in wells of the
usual diameters. These motors are made in various ways but are
generally referred to as dry motors and wet motors. Dry motors are
those that are hermetically sealed to exclude the water in the well,
These motors run in a high dielectric oil under pressure, which fills
the cavity inside the motor, submerging the windings, bearings, and
rotor, Various provisions are made to prevent the entrance of water
into the motor, External cooling of the oil is accomplished by the
flow of water around the motor,

Wet motors are those in which the well water has access to the inside
of the motor with the rotor and bearings actually operating in the
water, In this type of motor, the windings of the starter are usually
completely sealed off from the rotor by means of a thin, stainless
steel inner liner, A filter around the shaft is required to preveant
the entrance of abrasive material into the motor. This type of motor
must be filled with water during installation so that the bearings
will have sufficient lubrication when the motor is first started,

Insgtallation, :

The discharge pipe connects the pump to the head assembly., This pipe
must be long enough to provide complete submergence of both the pump
and the motor at all times, Initiel cost of installing the subtmers-
ible pump is low, Ease in installation is an outstanding feature as

it is necessary only to add the required length of discharge pipe to
lower the unit to the proper setting. The head assembly should rest
on and be securely fastened to a concrete base that covers the well
casing. Since the complete pump and motor assembly is in the well, no
pump house is required, thus providing a saving in the inatallation
cost. The control panel, however, whick includes an entrance switch,
meter, magnetic starter, and, in the case of a dry motor installation,
an oil well safety control, should be enclosed in a waterproof box,
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Propeller Pumpsg

Geperal.

There are two types of propeller pumps, the axial-flow or screw type,
and the mixed flow. The major difference between the axial-flow and
the mixed-flow propeller pump is in the type of impeller (fig. 8-16).

The principal parts of a propeller pump are simller to the deep-well
turbine pump in thet they have a head, an impeller, and a discharge
column. A shaft extends from the head down the center of the column

to drive the impeller. Some manufacturers design their pumps for multi-
stage operetion by adding additionel impellers where requirements demand
higher heeds than obtainable witb single-stage pumps.

Where propeller pumps are adapted, they have the advantage of low first
cost and the capacity to deliver more water than the centrifugal pump
for a given size impelior. Also, for a given chunge in pumping 1lift,
the propeller pump will provide a more nearly constent flow than a
centrifugal punp. Their disadvantege is that they ere limited to pump-
ing sgainst low heads.

Axial Flow.

The axial-flow single-stage propeller pumps are limited to pumping
against heads of around 10 feet, By adding additional steges, heads

of 30 to 40 feet are obtainable. These punps are available in sizes
ranging from 8 up to 48 inches., The impeller has several blades like

a boet propeller, The blades are set on the shaft at angles determined
according to the head and speed. Some manufacturers have several pro-
pellers for the same size of pump, thereby providing for different
capacities and heads. The water is moved up by the 1ift of the pro-
peller blades and the direction of flow does not change as in a centrif-
ugal pump, A spiral motion of the water results from the screw action
but may be corrected by diffusion vanes.

Mixed Flow.

The mixed-flow propeller pump is designed especially for large capac-
ities with moderate heads. The smaller size single-staege pump will
operate efficiently at low heads of from 6 to 26 feet. The multiple
gtage and large size pumps will handle heads up to approximately 125
feet., They are generally built in sizes ranging from 10 to 30 inches.
The mixed-flow pump uses an open vane curved blade impeller which
combines the screw and centrifugal principles in building up the pressure
head. They have a capacity range of from 1,000 g. p. m. to approximately
50,000 g. p. m. depending on size, stages, and heads, The mixed-flow
pump operates more efficiently against higher heads than the axial--

flow propeller pump.

Operating Characteristics.

Power requirements of the propeller pump increase diyectly as the head
so edequate power must be provided to drive the pump at maximum 1ift,
There is sowe tendency for a propeller pump to overload as head is in-
creased. For this reason, it is important to select a motor which will
provide ample power to drive the pump through the eutire range of con-

ditions due to change in water level or discharge pressures. Propeller
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Figure 8-16,--Propeller pumps,
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pumps are not suitable under conditions where it 1s necessary to
throttle the discharge to secure reduced delivery. It 1s important
to accurately determine the maximum total head against which this
type of pump will operate.

Propeller pumps are not suitable for suction 1lift. The impeller
bowl must be submerged with the pump operating at the proper submer-
gence depth. Different makes and sizes of pumps require different
submergence depths. Therefore, the recommendaetions of the pump
manufacturer should always be followed. Failure to observe required
submergence depth may cause severe mechanical vibrations and rapid
deterioration of propeller blades.

It is also important that proper clearances be maintained between

the end of the suction pipe and the side walls and bottom of the

pit or pump-intake bay, Failure to observe manufacturers?® recommenda-
tions on this point can result in lowering of efficiencies, When

two or more pumps are installed in one pump bay, they must be.separated
far enough so as not to interfere with each other. The pump manu-
facturers have specifications for this distance. In general, this
distance should be three times the diameter of the bell at the

suction end of the pump measured between bells.,

Some mesnufacturers recommend that each pump have its own sump. This
can be obtained by constructing a baffle wall betwsen adjoining pumps
reaching from the sump floor to the water level in the sump. When
each pump has its own sump, the distance between pumps is controlled
by the required clearance between end of bell and side wall of the
sump. See figure 8-17 for measurement of clearances and an example
of some required clearances specified by one manufacturer.

c .
Characteristic curves for propeller pumps are quite similar to those
for turbine pumps and show head capacity, efficlency, and horsepower
for a given pump size, type of impeller, and discharge (figure 8-18).

Propeller pumps are made by most of the nationally known pump manu-
facturers and by many small local machine shops. The large pump
companies have rating curves developed by actual tests. These rating
curves take into account all losses in the pump.

The locally manufactured pump generally lacks the hydraulic—design
requirements incorporated in the nationally known pumps. The result
is that they are generally cheaper to buy but have higher operating
costs, particularly for higher heads. Very few of the small local
companies have made sufficient tests to develop adequate rating
curves. Generally, for static lifts up to about 4 or 5 feet, losses
in the pump are not so important and these locally manufactured
pumps may be fairly efficient.



8-32

sump floor

Q Q
E e
32 )
L] o
< 9
Q
£ g
+ =1
- [7p)
(=]
v
©
3
- Clearance
P o between
suction ond

£

(Minimum water
4 § level while
pumping
Single stoge E‘
propeller e
pump @
) ( .
. = £
e
Suction B - o
bowl "
Clearonce =
\|| from oll sides | g
W of the sump
QL
width of the °
bell J
Floor of sump

Table showing manufacturers recommendations of

clearances for

propeller pump:

C
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Figure 8-17.--Clearance required for propeller pump.
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Instellation.
The vertical propeller pump should be set on a firm, adequate founda-

tion and securely fastened so that it will withstand the pump vibra-
tions as well as the dead load of the pump and structure. The entire
weight of the complete pump unit is supported by the base or floor
plates. The foundation should be designed to support this weight evenly
on all sides of the base plate and allow the unit to hang perpendicular
through the floor opening provided for it. It is important to obtain
uniform support for the base plate so as to avoid deflectlon of the

pump column.

Generally the pump is fastened to a floor supported either on piling
or on the sides of the intake bay or sump. If a partially enclosed
pump bay is used, it should preferably be square. A circular shape
tends to accentuate the rotation of the water in the sump which may
seriously interfere with pump operations. The installation of baffle
plates attached to the sides of the sump will help to overcome this
trouble.

The 450 angle prcpeller pump should be installed with the same care

as outlined for the vertical pump. Since this pump must set at an
engle to the pump bay and water surface, it is necessary to so arrange
the supporting beams so that the pump's base plate can be securely
fastened in line with the manufacturert!s recommendations.

Some type of strainer or screen should be installed to exclude floating
wood or other debris that would damage the impeller if drawn into the
pump. Some manufacturers provide a small strainer that can be attached
to the suction bowl. These strainers work satisfactorily when water

is pumped that is comparatively free of floating vegetation and small
debris, When the source of water supply contains this type of foreign
material, the small strainer 1s apt to become clogged. Vhen this happens,
it is wigse to construct some type of screen around the inlet of the

intake bay or sump so as to increase the area for straining out the small
deb‘ris.

Data for Selecting Pump,
In general, the data needed for properly selecting a propeller pump and

driver are about the same as that for the other types of pump, Reasonably

accurate data must be furnished the pump manufacturer for him to select

from his line of propeller pumps the one that will be the most efficient

for the job, These data should include the following:
Capacity of pump « o« ¢ ¢ ¢ ¢ o ¢ ¢ ¢ ¢ 06 ¢ ¢ ¢ o Lo Do Mo

Discharge conditions: (show by sketch)

(a) discharge above water level

%bg discharge submerged

¢) siphon.




St&tiClift..oo-ooooooooooo feeot
Strainer: Yes No
Length of discharge PiPe ¢ ¢ ¢ ¢ o ¢ ¢ o o feet
Number of bends Or cuUrves « o ¢ ¢ o o o o .
Types of power: electric - voltage phase

cycle combustion engine
Type of driver: direct-connected vertical hollow

shaft motor

vertical - pulley V-belt,

Determining Operating Conditions

General.

A pump operates most satisfactorily under a head and at a speed
approximately that for which it was designed., The operating
conditions should therefore be determined as accurately as
possible, A common mistake is overatating the head conditions.
The correct practice is to give the head as closely as possible
to the actual figure, If there is a variation in head, both
maximum and minimum heads should be determined and furnished

to the manufacturer for the selection of the most satisfactory
pump,

Determining Head for Centrifugal Fumps,

In determining head for centrifugal pumps, it is necessary to
calculate the total dynamic head (t. d. h.,) considering both the
suction and discharge sides of the pump, Therefore, the total
dynamic head is equal to the total dynamic suction 1ift plus the
total dynamic discharge head less suctlon velocity head,

Computing totel dynamic suction 1ift. Suction 1lift is composed
of the following factors (see fig., 8-19):

1, Static suction head (actusl vertical distance of center of
pump above lowest wuter surface after pumping begins).

2, Friction head in pipelines.

3. Head losses in elbows, strainers, foot valves, and other
accesgories,

4Le Velocity head.

Atmospheric pressure determines the meximum practical suction
lift, Atmospheric pressure not only varies with altitude and
tempereture, but also variles with weather conditions, As the
pressure on the water at sea level is one atmosphere or 34 feet,
the highest theoretical suction 1ift at sea level is 34 feet
less friction losses, This maximum theoretical suction 1lift
cannct be obtained under actual conditions. Pump manufacturers
usually recommend that the design suction 1ift be limited to

70 percent of its theoretical value,
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Suction pipe Dischorge = £00 g. p. m.

Water ~— Low- water leve! in stream or A"i-“”“ 1000 °
supply / reservoir or elavation of Mu'”_"um, waler temperature = 80
- moximum drowdown when pumping All pipe is 14 gage steel

””“LSnomer ond foot valve with stee! fittings.

Problem: Check total dynamic suction lift ond total dynamic head.

Compute totol dynamic suction litt — Feet
I. Static suction Nft, o o _ o ___ ————— e e 13.00
2. Friction head in pipelines : Suclion pipe = (25 + 10')= 35

35 ' of 5" pipe at 500 g.p.m. = 35' XQ.0593 F/F¢. ___ __ __ _ _ _____ 2.08
3. Friction heod in fittings:

5 inch 45° long raodius bend (hy= Kx V2 _ 0I8X099)_ _ _ . . ___.___. 18

g

Fool valve (hy = Kx 32L£= 08X099)_ _ _ _ o _____. 79
9

Strainer (hy= Kx V2 . 095X099)_ _ _ _ _ _ _ _ _ _ _ o _____. 94

29
Velocity head (V2 ) _ 99
29
Total Suction Lift.__ __ _ _ _ ______ 17.9¢

Note: Reference to table 8-1, page 8-37, shows the maximum design static siphon
lift at altitude of 1000 feet with water temperature of 80°F. is 22'
System as designed is within limit of practical suction lift.

Gompute total dynomic dischorge head Fee
| Static discharge heod_ __ _ _ o 30
2. Friction head in pipeliness 400' of 6" pipe ot 500 g.p.m. = 400 X 0236___9.

300 of 5"pipe ot 500 g.p.m. =300 X.0593____17
3. Friction head in fittings:

One 510 6" increaser (hg=[1-2%36] 2 x V2:0.09x 0.99)

249
One 6" standard 90° elbow (hy= Kx V2:0.28 X 0.48 ) ___ __ _ _ ______.
249
One 6" Gate valve,open (hg=Kx V2:=0,11X 0.48) _ _ _ _ _ _________ _
249

Five 6" tokeoff valves (same as gote vaolve open:O.I1 X.48 X 5)
Four5" tokeoff ~volves (some os gate volve open:Q.13 X.99 X 4)__ _ _ _
Cne tokeoff valve ond valve opening elbow,operoting(h1=Kxﬁ=12x.99)__

29
One6to5" reducer (hy=0.7[1-2%36]2x v2: 0.7x0.93X0.99) ____ ___
2g
4 Velocity heod at end of discharge pipe (5" pipe ot 500 gp.m.) _____ __ _ _ _
5. Pressure required to operate loteral (50 p.s.i. % 2.3+ }_ _____ ____ 15

Total discharge heod

TD H = Total dynomic suction lift + toto! dynamic discharge head
— suctltion velocity heod
TDH =17,98+187.97~0.99=204.96'

Figure 8-19,--Example of detsrmining head for centrifugal pumps.
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The computed dynamic suction 11ft must not be more than the maximum
design static siphon 1ift, If a suction 1ift is greater than the
meximum design static siphon 1ift, the system will not operate
properly under designed conditions, In other words, the discharge
will drop below the required amount to a point where friction and
velocity head are sufficiently decreased., When this condition
exists, the static 1lift should be decreased or a larger suction
pipe used to decrease the friction loss.

Table 8-1 gives the maximum design static siphon 1lift based on
altitude snd water temperature:

Table 8-1.-- Maximum design static siphon 1lift in feet

Alti- Temperature
tude ° o o ) o
(£t,) €QF, TOF, _8F, 9OF, _100F, _
0 23.4 23,2 23. 22,6 22,2
500 23, 22,8 22,5 22,2 21,8
1,000 22.4 22,3 22, 21,8 21,4
1,500 22, 21.9 21.6 21.4 20,9
2,000 21.6 21.5 21.2 20.9 20,5
3,000 20,8 20,6 0.4 20,1 19,7
4,000 20 19,9 19.6 19.3 18,9
5,000 19,2 19,1 18.8 18,6 18,1
6,000 18,5 18.3 18,1 17.8 17.4
7,000 17.8 17.6 17.4 17.1 16,7
8,000 17.1 16.9 16.7 16.4 16

Computing total dynemic discharge head.--All losses on the discharge
side of the pump must be accurately computed. The total dynemic
discharge head is composed of the following factors (see fig. 8-19):

1, Static discharge head which is the actual vertical distance
measured from the centerline of the pump to the centerline of
the pipe at the discharge end, or to the surface of the water
at the discharge pool,whichever 1s greater.

2. Friction head in the pipeline. (For sprinkler systems, the
laterals are not included -- only the main and supply line,)

3. Friction head developed in the elbows, reducers, valves, and
other accessories,

Le Velocity head at end of discharge pipe,
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5. Pressure required st end of line, For sprinkler systems, this is
the pressure required to operate the lateral, When the system is
designed to dischaerge freely into a ditch or reservoir, no additional
pressure 1s required.

Determining Head for Deep-Well Turbine Pumps.
The total dynamie head for deep-well turbine pumps differs somewhat

from centrifugal pumps in that suction 1ift 13 not involved because
the impellers of the pump are submerged, Losses in the pump and
pump column are included in the pump efficiency and should not be
included when figuring the total dynamic head. Therefore, the total
dynamic head is composed of the following factors (fig. 8-20):

l, Static head which is the actual vertical distance in feet
measured from the water level in the well when pumping the
required discharge to the centerline of the pipe at the discharge
end,

2. Friction head in the discharge pipeline.

3. Head losses in elbows, reducers, valves, and other accessories,
Le Velocity head at the end of the discharge pipe.

5. Pressure required at the end of the discharge pipe.

Hea 1ller Pumps.
The total dynamic head for propeller pumps 1s similar to that for
deep-well turbine pumps and is composed of the following factors
(fig. 8-21):

1, Static head which 1s the actiual vertical distance measured
from the low-water level in the pump bay to, as shown in figure
8-21, (a) centerline of pipe at the discharge end when the water
level is below the pipe at the discharge end; (b) to the water
surface at the discharge end when the pipe is submerged; (c)
to water level in discharge bay when installation is made to
take advantage of siphoning,

In the case of a siphon installation et the start of pumping,

it is necessary to ralse the water to the highest point in the
line to fill the discharge pipe. The siphoning action will then
start and as soon eas this occurs, some reduction in head will
take effect, No additional power will be required; however,
capacity will be reduced until siphoning starts, The limit to
practical siphon 1ift depends upon altitude above sea level,
water-vapor pressure at water temperature, velocity head at

high point in the siphon, and head loss in the siphon piping.
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Problem: Determine Toto! Dynomic Heod

Solution:

. Total static head: "{pumping heod + stolic Feetl

discharge heod):=55' 4+ 25 _ _ _ _ _ _ _ _ ____ _ ____ 80.00
2. Friction heod in discharge pipeline:

320" of 8" pipe ot 1000 g.p.m.=320'X.02I8F'7n.___6.98
3. Friction head in fittings: Two 45° long

. 2

rodius bends( hg= Kx yz—g 017X 0.64) X 2 ____ _ _ .22
4. Velocity head ot end of discharge pipe:

29 64.4 St -
5. Pressure heod _ _ _ _ _ _ o o o e e e .00

Totol dynomic heod__ ___ 87.84

Figure 8-20,--Example of determining head for turbine pumps.
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{0.) WATER LEVEL BELOW PIPE AT DISCHARGE END
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Problem: Determine totol dynamic heaod for (0) obove for o capocity

of 1200 g p. m.

Solution: — Feel
|. Total static head (pumping level to & dischorge pipe)______ 14.00
2. Friction head in odditionol 6' of pump column:
8" pipe at 1200 gp.m = 6' X .0307____ ____ ______ 18
3. Friction head in discharge line: 10" ot 1200 g pmz=18'X0Il___ .I8
4. Friction head in fittings: (no strainer-screen on _pump bay)__ .00
5. velocity heaod at end of discharge for IO"pipe(%)= _______ 34

Total T.D.H.__.14.70

Figure 8-21,--Example of determining head for propeller pumps.
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2, Head losses in pump column pipe, pump discharge elbow and suction
bowl — these losses are generally included when the pump efficiency
is determined.

Some companies base their efficlency on a standard length of pump
column, If a longer length than the standard is used, the friction
loss for this additionel length must be added in determining the
total dynemic head,

3. Friction head in the discharge pipeline,
4o Head loases through flep valves and etrainer,
5. Veloclty head at the end of the discharge pipe.

The velocity head and friction losses can be reduced by enlarging the
discharge pipe. Generally, a smooth iron diacharge pipe should be 2
to 4 inckes larger tban the pump elbow. Corrugated pipe will require

a corregpondingly higher increase in size. The increase in size should
not be made abruptly. An expanding section 3 to 4 feet long should be
used to connect the pump to the discharge pipe.

Drives

Geperel, -

The efficiency of a drive mechanism may greatly affect the operating
costs of a pumping installation., Four common types of drives are
usually used in irrigetion pumping: direct, belt, 90  gear head, and
power takeoff,

Direct Drive.

The direct drive 1is the most efficient as there 18 no loss of power
as with other drives, It 1s limited to those conditions where the
speed of the driver is the same as that for the pump., For horizontal
centrifugal pumps, the drive may be through a flexible coupling (fig.
8-1), or it may be e¢lose coupled (fig. 3-22).

When a flexible coupling is used, the motor may be removed for another
use or for servicing without disconnecting the pump-piping arrange-
ment, With a close-coupled pump assembly, the pump and its prime mover
ere always in mechanical alinement with the result that possible power
losses and mechanical difficulties occasioned by misalinements are
avoided.

For deep-well turbine pumps using an electric motor, the direct drive
(fig. 8-22) 1s the cheapest and most efficient type of drive. However,
since electric motors operate at a constant speed, the dlscharge of the
pump cannot be varied; thus, extreme care must be exercised in selecting
the size of the pump. Direct drives may also be used® with vertically
mounted internal combustion engines,
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Figure 8-22,--Examples of direct drive.
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Bglt E!: ive .
Belt drives are either flat-belt or V-belt,

The flat-belt is the least efficient of all the types of crives
(fig. 8-23). 1Its efficiency varies considerably, usually from

80 to 90 percent, depending upon slippage, type of pulley and belt,
pulley size, number of idlers, and the twist used.

Slippage usually accounts for the most loss of efficiency. Slip-
pege may be caused by the belt being too loose, too stiff, or toc
nerrow. JSlippege is also caused by small pulleys, pulley centers
too close together pulling from the top instead of the bottom, or
by placing the belt at too steer a vertical angle, Quarter turns,
half turns, and idler pulleys will add to the inefficiency of flat-
belt drives. The relation of pulley size to belt thickness and
horsepower capacity is important, Wher heavy belts are turned about
a small-diameter pulley, the outer fibers are greatly overstressed
and the belt life is materially shortened. Power ratings are based
on tensions when large pulleys are used and are reduced for small
pulleys to compensate for increasing flexing. Refer to figure 8-<¢
for cdetermining size and speed of pulleys.

A belt-driven installation requires considerable attention because
the variation of temperature and humidity between morning and mid-
day or dey and night affects the tension on the belt and running
position on the pulley. A low belt may cause edge rubbing on the
mounting and damage the belt. A tight belt will cause it to slip
off the pulley, The flat-belt is generally employed to make use
of a source of power that is already available on the farm. Farm
tractors are quite often used as a source of power using a flat-
belt drive. Stationary and internal combustion motors, either gas
or Jiesel, and horizontal electric motors are also used.

The V-belt drive 1is more dependable and has a higher efficiency
than flat-belt drives. When properly installed, it should have
en efficiency of from 90 to 95 percent, The V=belt drive will
operate successfully when pulley centers are much closer together
than are permissible with flat-belts, Therefore, they can be
utilized successfully in confined spaces. Special grooved pulleys
are required for V-belt drives. It is important to use the proper
belt and pulley size., For this reason it is best to have the V=
belt manufacturer make the design for each particular installation.
A large number of belts on a quarter-turn drive is undesirable
because the distance between pulley center changes, and it 1s not
possible for all belts to have the same tension., This condition
is one of the reasons why very short pulley centers are not per-
missible on quarter-turn drives. V-belt installations cost slightly
more than flat-belts; however, they ere less expensive than a right-
angle gear drive (figs. 8-24 and 8=25).

0

” ¢} ear He&ds .
The right-angle gear drive is the most dependable and efficient

method of transmitting the power of a combustion engine to & turbine
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Turning Turning

at Given & at' Given

R.P.M R.P. M.
Driver Driven

The driving pulley is called the driver and the driven pulley the
driven,

1f

the number of teeth in gears or sprocket wheels is used

instead of diometer in these colculotions, number of teeth
must be substituted whenever diameters occur.

TJo determine dioameter of driver, the diometer of the driver

and its revolutions, oand olso revolutions of driver being given.

Diometar of drivaer (D)= diameter of driven {d) X revoiutions of driven (RPN
Revolutions of driver (R.P M.)

To_determine diameter of driven, the revolutions of the driven and
diameter and revolutions of driver being given.

Diometer of driven (d)= diomefer of driver (D} X revolutions of driver (R PN
Revolutions of driven (R.PM)

To determine the revolutions of driver, the diameter and revolutions
of driven, ond diometer of driver being given.

Revolutions of driver (R.P.M.) = diameter of driven {3} X revolutions of driven (R.F
Diometer of driver (D)

Yo determine the revolutions of the driven, the diometer ond revolutions
of driver and diometer of driven being given.

Revolutions of driven (RPMJ)= diameter of driver (D)X revolutions of driver (RP
Diameter of driven {(d)

Flgure 8-2{.--Rules for determining size and speed of pulleys, sheaves,
gears, or sprocket wheels.
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punpe The efficiency of this type of installation is 95 percent or
more, These units are made to fit any standard pump and are made
with a variety of gear ratios to permit the pump and engine to operate
at their most efficient speeds. The original cost of right—angle
gear drives slightly exceeds the cost of the V-belt or flat-belt
installation. For steady pumping and dependability, the right-angle
gear drive is preferred. It not only is more efficient but also is
not affected by weather and temperature conditions.

The head containing the gears replaces the ordinary pulley head,

and the drive shaft may be directly connected to an engine or motor,
The drive shaft should always contain a flexible or universal joint.
The universal joint will take care of any errors or changes in aline~
ment of pump and engine., The distance between the pump and engine
should not be less than 3 feet because small errors or changes in
alinement will not materilally affect the smoothness and efficiency
of power transmission (fig. 8-26).

Power Takeoff.
The use of a farm=type tractor with power takeoff is rapidly increas-

ing as a means of power, particularly for small centrifugal pumpse.

The standard power-tekeoff speed is 540 plus or minus 10 r. p. m,
Irrigation punps commonly operate at three to four times this speed,
making it necessary to use some type of speed increaser between the
tractor power—takeoff shaft and the pump-impeller shaft, The pump

and speed increaser are commonly mounted either on a two-wheel

trailer unit hitched to the tractor drawbar or directly on the tractor,
The desired increase in speed 1s usually obtained through the use of
spur gears, beveled gears, or V-belts, With spur gear speed increasers,
the propeller shaft of the pump should be approximately parallel to
the power-takeoff shaft with spur gears providing the desired increase
in r. pe m¢ In the beveled gear type, the pump-impeller sheft is
approximately at right angle to the power-takeoff shaft with beveled
gears providing the change of direction and increase of r, p. m.

The third type employs ¥-belts and sheaves alone, or in combination
with gears to obtain the required punp speeds (fig. 8-27).

Reasonable care should be exercised to be sure that the power-takeoff
shaft is properly alined. The universal jolnt-yokes on the tele-
scoping portion of the power-takeoff shaft should be in the same
plane, This is necessary to eliminate &s nearly as possible the
variable speeds of rotation and the resulting vibration, shock,

and universal joint wear (fig., 8-28),

Cavitation

Cavitation is a term used to describe a rather complex phenomenon
that may exist in a pumping installation., In a centrifugal pump
this may be explained as follows:l/When a liquid flows through the
suction line and enters the eye of the pump impeller, an increase
in velocity takes place. This increase in velocity is, of course,
accompanied by a reduction in pressure. If the pressure falls

1/ Courtesy of Fairbanks, Morse & Company, and Economy Pumps, Inc.



il

V—8ELT FLAT BELT

TURBINE TYPE IRRIGATION PUMP WITH GEAR HEAD
CONNECTED TO A POWER UNIT WITH A SHAFT AND

TURBINE PUMP GEAR HEAD WITH EITHER V-BELT
DOUBLE UNIVERSAL JOINT

OR FLAT—-BELT DRIVE PULLEY

Figure 8-26,—Examples of right-aengle gear head drivea.

DRAWBAR MOUNTED P T O DRIVEN PUMP TRAILER MOUNTED P T O DRIVEN PUMP TRAILER MOUNTED P T O DRIVEN PUMP
WITH BEVEL GEAR TYPE SPEED INCREASER WITH SPUR GEAR TYPE SPEED INCREASER WITH BEVEL GEAR TYPE SPEED INCREASER

Figure 8-27,——Examples of power-takeoff drives.

g8%7-g



8-49
—-

J

WRONG —T® :

[WRONG> i i
;\; -— <
® ©

INCORRECT PTO SHAFT ALINEMENT

Sketches from Michigon State University — Extension Bulletin 338

Figure 8-28.--Correct and incorrect power-takeoff shaft alinement.



8-50

below the vapor pressure corresponding to the temperature of the liquig,
the liquid will vaporize and the flowing stream will consist of liquid
plus pockets of vapor. Flowing further through the impeller, the liquicd
reaches a region of higher pressure and the cavities of vapor collapse,
It 1s this collapse of vapor pockets that causes the noise incident to
cavitation.

Cavitation need not be a problem in a pump installetion if the pump is
properly desigred and installed, and operated in accordance with the
designer's recommendations. Also, cavitation is not necessarily destructive.
Cavitation varies from very mild to very severe, A pump can operate rather
noiselessly yet be cavitating mildly, The only effect may be a slight drop
in efficiency. On the other hand, severe cavitation will be very noisy

and will destroy the pump impeller and/or other parts of the pump.

Any pump can be made to cavitate, so care should be taken in selecting
the pump and planning the installation. For centrifugal pumps, avoid
as much as possible the followlng conditions:

1., Heads much lower than head at peak efficiency of pump.

2, Capacity much higher than capacity at peak efficiency
of pump.

3. Suction 1ift higher or positive head lower than that
recommended by manufacturer.

4o Liquid temperatures higher than that for which the system
was originally designed.

5, Speeds higher than manufacturerts recommendetion.

The explanation of cavitation in centrifugal pumps cannot be used when
dealing with propeller pumps, The water entering a propeller pump in

& large bell-mouth inlet will be guided to the smallest section, called
tiroat, immediestely ahead of the propeller. The velocity there should
not be excessive and shouléd provide & sufficiently large capacity to
£111 properly the ports between the propeller blades. As the propeller
blades are wicely spaced, not much guidance can be given to the stream
of water, wWhen the head is increased beyond a safe limit, the capacity
is reduced to a quantity insufficient to fill up the spece between the
propeller vanes, The stream of water will sepearate from the propeller
venes, creating a small space where pressure is close to a perfect
vacuum, In a fraction of a second, this small vacuum space will be
scashed by tne liquid bhitting the smooth surface of the propeller

vane with an enormous force which staerts the process of surface pitting
oi the vane, At the same time one will hear a sound like rocks thrown
around in a barrel or a mountain stream tumbling boulders,

™he five rules applying to centrifugal pumps will be changed to suit
propeller pumps in the following way. Avoid as much as possible:
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1. Heads much higher than at peak efficiency of pump.

2, Capacity much lower than capaclty at peak efficlency of pump.

3. Suction 1lift higher or positive head lower than that recommended
by manufacturer.

/.« Liquid temperatures higher than that for which the system was
originally designed.

5. Speeds higher than manufacturer's recommendation,

Cavitation is not confined to pumping equipment alone, It also
occurs in piping systems and is commonly known as water hammer.

Water hammer or hydraulic shock occurs when water flowing through
a pipe undergoes a sudden change in velocity. The kinetic energy
of the flowing liquid, under this latter condition, is converted
into a dynamlc pressure wave which may produce terrific impact

in rebounding back and forth in the main, For this reason, check
valves or surge pipes should be installed to protect the pump and
prevent rupture of the pipe when the direction of the flow is re-
versed,

Water hammer sometimes reaches destructive magnitudes, especially
in long pipes. It has teen found to occur?/;

1. In starting or stopping a pump, or in an abrupt chavge in
the pump's speed.

2. In the case of a power failure,
3. In the rapid closing of a valve in the piping system.
Destructive water hammer must be eliminated:

1. To reduce stress on the pipes and fixtures and thus minimize
costly repairs, lesks, and delays.

2. To prevent reverssl of pump, which may be dangerocus to the
motor or engine, or which may result in an unnecessary loss
of liquig.

Boost Fumps

A saving in operasting costs can sometimes be made in sprinkler
irrigation by using a booster pump to provide adequate presoure
for small areas that lie at elevations considerably atove the
principal area to be irrigated, The use of the booster pump
for these small areas will permit the design of the main part
of the irrigation system to carry lower pressures than that
required for the small higher areas.

2
~/See footnote 1, p, 8-47.
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The characteristics of the horizontal centrifugsl pump are such that
it can be used as a booster., when the centrifugal pump is operated
with a positive pressure head applied to its suction, it will utilize
this pressure. For example, if a pump capeble of delivering 150-foot
head and the water reaches the pump under a positive head or pressure
of 70 feet, the pressure or head developed at the discharge will be
(150 + 70) 220 feet. Therefore, two or more punps of similar capacity
can be operated, one discharging into the other to develop a total
head which is the sum of the head developed by the individual pumps.

Fower for Pumping

General.

Most irrigation pumps are powered by either electric motors or in-
ternal combustion engines. The source of power that is test suited
for a specific installation depends on certain physical and environ-
mental factors. The power-unit selection should be made only after
congidering the following:

1. The amount of brake horsepower required for pumping.
2, Hours of operation per season,

3, Availability and cost of energy or fuel. (In case of electricity,
availability of single-phase or three-phase power may influence
select.ion,)

L+ Depreclation,
5. Portability desired in pumping setup.

6, Possibility of using the power unit for cther jobs during the
nonirrigating season,

7. labor problems and need for convenience of operation,
8, Coldweather operation,
9., Original investment for power units,

It is highly important to match the engine horsepower to the require-
ments of the pump. Efficiency is sacrificed with both electric and
internal combustion engines if the power plant is designed to deliver

a great excess of power above the actual needs. Previously used power
units should be carefully checked and evaluated as to condition,
available horsepower, and speed. The efficiency of a unit in only fair
mechanlical condition may not exceed 50 percent. The use of an old,
misfit power unit can be more costly from an operating standpoint than
the most expensive unit fitted for the job,

Electric Motors.
An electric motor, properly selected and protected, can be expected
to supply many years of trouble-free power if protections are provided

including dry mountings, rodent protection, good ventilation, adequate
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shelter from the elements, and safety devices against overloading,
undervoltage, or excessive heating., Advantages of the electric power
are relatively long life of the motor, low maintenance costs, depend-
ability, and ease of operstion. An electric motor also will deliver
full power throughout its life and can be operated from no load to
full load without damage.

Some of the disadvantages of electric power are the limited size

motors which can be used when only single-phase current 1s aveilable,
power interruptions, and the necessity of constructing an electric
supply line to all pumping locations. In some areas, phase converters
are used to partially overcome the disadvantage of single-phase current,

The best type of electric motor for irrigetion pumping is the 60-cycle,
220-440-volt, 3-phase, squirrel-cage induction motor. The common
speeds are 860, 1,160, and 1,760 r. p. m., with the 1,760 speed being
most commonly used. Single-phase motors are usually limited to loads
up to 7-1/2 horsepower and, therefore, can be used only on very small
pumping jobs., Standard motor sizes are 5, 7-1/2, 10, 15, 20, 25, 30,
40, 50, 60, 75, 100, 125, 150, 175, 200, 225, 250 and 300 horsepower.

An electric motor operates at constant speed. The speed of the pump
must be changed either by the use of a belt drive and changing pulley
dlameters, or by a gear drive with a selection of gear ratios for
changing speeds. When the pump and motor are directly connected, a
pump must be selected that will operate acceptably at the motor speed,
When it is necessary to lower the rate of pumping below that of the
design rate, the speed of the pump must be reduced or the head
increased by using a valve in the discharge line, On direct-connected
units, valves must be used for this purpose. Direct connection be-
tween electric motor and pump should be used whenever possible because
this type of connection eliminates drive loss and the added expense

of the pump head,

Vertical, hollow-shaft motors are avallable for deep-well turbine
pumps., These motors are equipped with a top cap to facilitate propeller
adjustments. Two types of couplings are available for turbine pumps
depending upon the method of lubrication. A nonreverse coupling is
recommended Wwhen the pump has water-lubricated line shaft bearings
which might possibly be damaged if the shaft were turning when there
was no water surrounding the bearings., This conditlion occurs when
the motor is stopped and the water in the well column and discharge
line drains back through the pump propellers causing the pump to
rotate in the reverse dilrection. The selfrelease coupling 1s used
when backspin upon shutdown 1s not objectionable and is normally
used on pumps having oil-lubricated line shaft bearings.

The brake horsepower of electric motors is rated at 100-percent
continuous operation; that is, the calculated brake horsepower for

a given job is the size of motor needed. Electric motors have a
built~in service factor of 10 to 15 percent based upon air temperature
at 70° F., standard voltage, and & free flow of air around the motor.
The service factor allows the motor to operate without harm under
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varying conditions of voltage and temperature. Therefore, the added
horsepower provided by the service factor should not be used to arrive
at a motor rating. Some of the reasons are:

1, Often on rural lines the voltages of the three phases
will not always be the same. A relatively amall un-
balance in phase voltage will cause considerable increase
in motor temperature rise. A 3-1/2-percent unbalance will
cause about 25-percent increase in temperature rise,

2, Muny times, particularly on rural lines, the voltage will
drop below the standard. A 10-percent reduction in voltage
increases the temperature rise 16 percent.

3. In many cases the methods used to determine the actual
motor loads of the driven equipment are not too accurate,

L. Even with good ventilation, motor windings and cooling
ducts may become covered with dust, dirt, and grease which
cut down the motor?s effectiveness in dissipating its heat,

5. Irrigation pumping is often required when temperatures are
ebove 72° F,

Some means must be provided for starting electric motors. Motors
require two to three times more current to start than when running,
Across-the-line starting or full voltage starter means the switch
is closed in one operation and one line surge 1s created. Reduced-
voltage atarting is a means of allowlng the motor to start under
increments of power and divides the line surge into several surges.
The power supplier will advise the purchaser on the type of starter
required as conditions and policies vary between locations and
suppliers,

Controls should be provided to protect the motor from overload and
variations occurring in the power source. Each line of three~phase
power should have an automatic motor protection built into the motor
control, Protective devices must be sized to the motor and load and
shielded from high temperatures or sun, Sprinkler systems powered .

by electric motors should be equipped with a main-line flow control
valve., This permits controlling line pressures and prevents over-
loading of motor during filling of sprinkler-distribution systems.

Other types of controls are available for electric motors. Time clocks
may be used to turn the pump on and off, Controls, such as time delay
fuses, are available to turn the pump on after a power failure. Alarms,
light indicators, and other devices are available to warn the operator
if the flow of water ceeses., Fuses or breakers shoulé Le used to protect
the wiring end the conmtrols.

The pump and imotor should be protected from the weether., This can

be accomplished by housing them in a small shed with doors and windows
that can be opened to provide good cross-ventilation. The openings

in the shed should be so arranged that the hot sun will not shine
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directly on the controls or motor. HNew style vertical motors may be
used without housing. The wiring and controls, however, must be
wentherproofed or be in a weetherproof enclosure. The motor itself
should be protected from rodents. This can be done by installing
screen over air openings in the motor. The screen should have a
mesh small enough to keep out mice, but not restrict the airflow,
With correct protection and care, the electric motor requires little
or no maintenance other than the necessary oiling or greasing
required by the menufacturer.

Statiouery Ipternal Combustion Engines.

The two general types of internal combustion engines are the spark
ignition, or all engines in which combustion tekes place when the
fuel-gir mixture is ignited by an electric spark, and the compression
ignition engine better known as a Diesel. The spark-ignition engine
may be either liquid-cooled or air-cooled., The air-cooled engine

is becoming quite popular for direct-connected centrifugal irrigation
punps in sizes of 25 or lower continuous horsepower. The ligquid-
cooled engine is manufactured in all sizes, It has the advantage

of automatically varying the amount of cooling to cover all possible
combinations of loads &nd speed without over or undercooling the
engine, The Diesel engine is much more costly then the spark-
ignited type. However, fuei costs are much lower. The Diesel

engine is seldom used when the hours of operation per season are
under 800.

Menufacturers have developed performance curves for each of their
engines, These curves show horsepower rating at various speeds

and are used as a tasls for engine selection. When the engine
manufacturer ccnducts tests to determine the horsepower rating of

an engine, a procedure standardized by the S, A, £, 1s used so that
tne horsepower curve of the various sizes and makes of engines may

be compered. The test is run under laboratory conditions with a
stripped engine, snd the power delivered at the [lywheel is deter-
nined by means of a pony btreke or dyreamometer. In stripping the
enzine for the test, accessories and equipment, such as cooling fans,
gcnerstors, air cleaners and mufflers, are removed. The engine is
thien hooked up to the dynamometer ana run under ideal conditions with
the dynamometer recording the horsepower output at various operating
speecds, The norsepower, as determined by the dynamometer for various
operating speeds, is then plotted in the form of a curve which the
menufacturer may label either "brake horsepower" or "dynasmometer
horsepower" (fig. 8-29),

Since the horsepower output as determined by the manufacturerts

test is for leboratory conditions with a stripped engine, this curve
does not represent the horsepower output of that engine with power-
consuming accessories such as {ans, generators, water pumps, etc.
These accessories may consume as much as 10 percent of the horsepower
output of ti:@ ensine. The dynamometer horsepower curve must be cor-
rected to reflect the power loss caused by the use of accessories.
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Figure 8-29,~Horsepower output of an internal combustion engine,
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Because of the characteristics of the internal combustion engine, it
is necessary to further correct the horsepower curve to compensate

for continuous loading which is required in irrigation pumping.

The effect of continuous loading will decrease the brake horsepowry
another 15 to 20 percent. In other words, the continuous brake horse-
power output with all accessorles will be 70 to 80 percent of the
dynamometer horsepower as determined by lakr-ratory test., Because
altitude and air temperature affect horsepower output and laboretory
tests are based on sea level and 60° temperature, it will generally

be necessary to make correctiona for most irrigstion pumping installa-
tiona. General rules for correcting for elevati:r. and temperature
are:

1, Poduce continuous load rating 3 percent for ery
1,000 feet above sea level,

2. Reduce continuous load rating 1 percent for every
10° F, above 60° F,

Some manufacturers publish both the dynamometer curve and the con-
tinuous brake horsepower curve in their literature., However, when
there 1s only one curve shown, that curve will generally be the

horsepower determined by a dynamometer under laboratory conditions,

The University of Nebraska Tractor Testing Department bulletins
sre snother source of reliable information on power output and
fuel consumption for a number of gasoline and Diesel engines,

The best opersting load for an internsl combustion engine is at or
neer the continuous brake horsepower curve, Running an engine under
lighter loads usuelly results in poor fuel economy for the water
delivered, since too much horsepower i3 used in overcoming engine
friction and throttling losses. Running at wide-open throttle

invites engine trouble as well Aas excessive fuel consumption,

The main object in irrigetion pumping is to pump as much water as
possible for the fuel used, and operating the engine near its highest
possible load on an economy fuel mixture is the best wey to accomplish
this,

Irrigetion pumping plents operate long periods without supervision.
Therefore, safety controls should always be installed to protect the
engine and@ pump. The power unit should have o1l pressure and water
temperature ignition cutoff switches which automatically shut the
engine off if the oll pressure drops or the coolant temperature
becomes excessive. A pump water pressure switch should also be used
to protect ageinst loss of prime or a drop in the discharge pressure
head. Many manufacturers use velocity or mechanical governors to
prevent overspeeding the units since the engine usually has nore
horgsepower than the pump requires at greatest speed. Simple and
inexpensive overspeed cutout switches heve become available, and
they replace some governors. The overspeed cutout does not absorb
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any moasurable power, thus offering a further advantage over governors,

Liquid-cocled engines can be cooled by either a radiator or a heat
exchanger, Usually the radlator is more expensive than the heat
exchanger, and it also penalizes the engine output because a fan is
requireds Replacing the radiator with a heat exchanger will give up
to 8 percent more usable horsepower, Figure 8-14 shows an example

of a heat exchanger and how it is attached to the pump discharge pipe
and engine. The capacity of the heat exchanger must be sized to the
engine for satisfactory results, There should never be too much cool-
ing capacity for the engine, just as there should never be too little
cooling capacity. If the engine has no thermostat, overcooling will
result in excessive sludge formation and subsequent wear, If there

1e a thermostat, the waterflow through the block will be restricted
and hot spots may develop, The manufacturer!s recommendation on engine
temperature shovld be followed religiocusly to prevent trouble fiom
over or underheating,

Gasoline and distillate ars the most commonly used fuels for spark-
ignition engines., Liquid petroleum gas (LPG) and natural gas can
also be used, They are easily burned and have almost no tendency
to dilute the engine oil with the result that engine maintenance

is reduced.

About the only disadvant ages to LPG fuel are the initial cost of
installation, the frequent need for facing exhaust valves and seats,
and the possibility of rare batches of cheap fuel that have too high
sulphur contents A storage tank is necessary for LPG, and this is
somewhat expensive as it must withstand high pressures and have var-
ious safety features, However, buying in bulk further reduces fiel
costes greatly, Natural gas is similar to LPG in combustion charac-
teristics except it does not have as high an energy content, 4s a
result, a given engine will have a lower power output when this fuel
is substituted for LPG, Natural gas does not require storage facill-
ities, However, it must be piped to the pump location, In locatlons
where 1t is readily available, it is less expensive than LPG,

Tractor Power.
The farm tractor is probably the least desirable type of power for

irrigation pumping, Often the tractor is needeZ for Loth »umping on:?
ferm operctions at the seme time, In this case, one or the other

has to suffer, It is often used on small systems where irrigation

is not needed continuously during the growing season, If a farm

tractor 1s avallable during the irrigation season, it must be ocne that
is in good mechanical condition and large enough to operate the pump

at the required capacity without running at full throttle. The irrigation
punp is a constant load machine and differs from the normal farm tractor
work vwhere the load 1s applied intermittently, The farm tractor!s
normal day-in and day-out workload is decidedly variable, and usually
averages far less than the rated loads An engine large enough for a
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tractor may not have sufficient power for pumping as horsepower
rating of the tractor 1is based on intermittent operation,

The power from a ferm tractor may be tranamitted to the pump through
either a belt drive or a power takeoff. Tractor manufacturers
usually recommend 85 percent of the maximum belt horsepower output
and 75 percent of the maximum drawbar horsepower for continuous
operation., It must also be remembered that there are additional
losses in the drive which vary with the type of drive., ILosses in
the belt drive were discussed in Belt Drive,

The power takeoff is the type of drive most commonly used with farm
tractor power for irrigation pumping. As there 13 some loss through
the power-tekeoff shaft with speed increases, most authorities feel
that it is desirable to 1limit the power teakeoff power delivered to

the irrigation pump to 75 percent of the maximum belt horsepower
output., This maximum of 75 percent would apply only where the tractor
engine is in good mechanical condition., A lower percentage should

be used for older tractors, possibly dropping to 50 percent or lower
for tractor motors in only fair mechanical condition.

Power Requirement

To determine the actual horsepower of the power unit used in driving

a pump, it is necessary to know the efficiency of the pump, the type
of drive, type of power unit, the head under which the pump operates,
and all losses in the piping system. The manufacturer will make
guarantees on efficlencies that can be obtained for the pumps he
proposes to furnish., These efficlencies can be checked in the field
under actual working conditions by running a series of tests.,

The efficiency of a horizontal centrifugal pump and a vertical
centrifugal pump mounted in a dry well includes only the losses

in the puwp proper. The efficlency of a vertical submerged centrifu-
gal pump includes the losses in the pump plus those incurred from
the suction to the end of the pump discharge. The efficiency of a
deep~well turbine pump includes all losses from the intake at the
end of the bowls to the discharge outlet, If the power unit and
pump are not directly connected, there is a "drive" loss that must
be considered. These losses are well-enough established to enable
accurate assumptions to be made for the various types of drives that
are in common use, (Refer to Drives),

The useful work done by a pump or the water horsepower (w.hp.)
required is expressed by the formula:

w.hp. =g, p, m, x total dynemic head (t. d, h.)
3,960
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(The water horsepower represents the power that would be required to
operate the pump if the pump and drive were 100-percent efficient,)

The brake horsepower (b,hp.) required to operate a pump is determined
by the formula:

yater horsepower (w.hp.)
b.hp. = pump efficiency x drive efficiency

pump efficiency = oj:;ulét e ‘; gp'

overall efficiency = pump efficiency x drive efficiency

Power Requirements for Electric Motors.
Electric motors are rated at 100-percent contlnuous operation and,

therefore, the required brake horsepower to operate the pump plus
losses in the drive is the size of electric motor needed.

EsPels X total dynamic head (tedeh,)

Required Db.hp. of motor = 3 o8 pump eff. x drive eff.

The efficiency of an eleciric motor must be considered in determining
power consumption. The following formulas apply:

b,hp, x 0,74€

Kve input to motor = efficiency

— EePeme X tedehe X 0.746

~ 3,960 x pump eff. x drive elf. x motor eff,
todohs x 0,00314

Kue - hre per 1,000 galse pumped = ) "o fr % drive oit. X motor
eff.

= _l-’QZJL X t.d.h_._
punp eff, x drive eff, x motor eff,

Kwe.=hr./acre~foot

Table d-2 lists acprox: .ate efficlencies of electric motors operating
at full loads
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Table 8-2.--Efficiencies of electric motors operating at full speed

Eff{iciency Efficie
Horse- 860 1160 1760 Horse- 860 1160 1760
POWer I,.D,m, L. R0, LaB. I LOWOr X D.lls . alalle . XD D,
5 g1 77.5 84 40 88 86.5 89.5
71/2 82.5 83 84 50 89 89 87.5
10 86.5 83.5 85 60 89 89.5 90
15 86 87 85 75 89 90.5 90.5
20 86 87 34 100 89 90.5 91
25 86 86 89 125 90.5 20 91
30 36 86 86 150 91 91.5 91.5
200 91.5 91 90

Example 8-1: Given a 1,760-r.p.m. electric motor-driven pump instal-
lation with V-belt drive required to deliver 650 g.p.m,
at 145 t.4.h, Pump efficiency of 75 percent and V-belt
drive efflclency of 90 psrcent,

Find: Motor size and power consumption.
650 x 145

= 50
3,960 % 0.75 x 0.90 - >

Solution: Required b.hp. of motor =

Use a 4(0-hp. motor. iotor efficiency will be approx-
imately 89.5 percent (from table 8-2).

35.3 x 0.746

0'895 = 2904 kwo

Input =

145 x G.00314

= 0,7
0.75 x 0.90 x 0.895 2

kwh./1,000 gal. =

we Reg FEMON LS ] rnal ombus O Ngines

Internal combustion engines are rated on the bare engine dynamometer
np. developed at the shaft; therefore, the efficiency of the unit
does not enter into computations., The rated hp. of the engine must
oe in excess of the required hp. to drive the pump to offset the
losses due to accessories and provide for continuous operation.

Engine brake horsepower G t.d.h
(b'h . = .p.m. x L] d L]
required to operate pump (b.hp.) 3,960 x pump off. x drive eff.
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The following example shows the method of computing the breke horse-
power required by an internsl combustion engine to operate an
irrigation pump; also, the necessary corrections for altitude,
temperature, and continuous operation:

Example 8-2,

Given: Given a centrifugal pump powered by a direct drive
gasoline engine to deliver 480 g, p. m, at a t, de he
of 180 feet. Fump efficiency - 73 percent. Drive
efficiency = 100 percent for direct drive, Heat
exchanger used instead of engine radiator. Pumping
site is 2,000 feet above sea level and the daytime
temperature is 90° F,

Procedure: B.hp., = 480 x 180 = 29.9
3960 x 0,73 x 1.00

Corrections for engine losses as follows: —_loss -percent
1, Continuous loed operation 20

2, Accessories -~ pgenerator, air cleaner, etc,
(heat exchanger for cooling) 5

3. Elevation -~ 2000 feet @ 3 percent
per 1000 feet above
sea level 6

o
4. Temperature (90° - 60° = 30" x 1 percent

per 10° increase) 3
Total deduction 34
Size of engine required=29,9 b.hp. = 45,3 b.hp,
0 =0,34
Cost of Pumping

General,

The engineer may be called upon to compare costs of different
types of pumping installations, particularly the use of different
kinds of power units, It may also be necessary to determine
pumping costs in figuring the economics of irrigation, The
nurpose here will be to point out all factors that should be
taken into consideration in computing the cost of pumping the
wvater at the outlet of the pump.
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It 1s impossible to give actual costs of pumping-plant installations
that will be applicable to all field conditions. Close estimates

of equipment and construction costs may be prepared by consultation
with manufacturers and review of past installations so that the actual
pumping costs will be within the limits anticipated.

Cost of pumping includes all fixed and operating costs, Fixed costs
include all costs for which an initial outlay is made or a capital
investment is extended, including taxes and insurance. Annual
operating charges include all recurring costs,

Fixed Costs.

1. Interest. Calculated at the prevalling interest rate on the
average value of the installation,

Annual interest cost =

Value of installation x interest rate
S

2, Taxes and insurance. This item varies from one arsa to
another, Use actual rates if available, For
preliminary estimates, such costs are usually
assumed to total about 1 percent of the initial
cost of the installation,

3. Depreciation. Depreciation should be based on either time
of operation or age. In areas where pumps are
operated almost continuously, the year around
hours of operation should be used. Age is a
satisfactory method for determining depreciation
where pumps are used less than 2,000 hours per
season, Table 8-3 of depreciation figures, based
on work at the University of MNebraska, can be used
in figuring depreciation:



Table 8-3,~~~Pumping plant depreciation

_Ttem Estinated useful life
Well and casing 20 years
Plant housing 20 years
Pump turbine:
Bowl (about 50 percent of cost of pump unit) 16,000 hours or 8 years
Column, etc. 32,000 hours or 1t years
Pump, centrifugal 32,000 hours or 16 years
Power transmission:
Gear head 30,000 howrs or 15 years
V-Belt 6,000 hours or 3 years
Flat-Belt, rubber and fabric 10,000 hours or 5 years
Flat-Belt, leather 20,000 hours or 10 yeers
Electric motor 50,000 hours or 25 years
Diesel engine 28,000 bours or 14 years
Gasoline or distillate engine:.
Mr-cooled 8,000 hours or 4 years
Water=cooled 18,000 hours or 9 years
—FErepane epgine 28,000 bours or l4 years
Cperating Coats.

1, Fuel Consumption,

a, Electric, Power consumption for electric motors can be
estimated with a large degree of accuracy. The Blaney=-
Criddle Formula 3/ can be used as a basis for determining
seasonal use, Also, studies of drought-occurrences frequencies
will be helpful in deteruining the amount of pumping, Two
methods can be used to estimate power cost:

(1) Based on number of gallons of water pumped.
Kwe=hr, per 1,000 gallons pumped =

$adaba X 0,00314
pump eff, x drive eff, x motor eff,

Annual cost =
Total No, gals. for year X kwa-hr,/1,000 gals, X cost per kw.=hr,
1,000

Cost per acre-inch = kw.-hr./1,000 gals., x 27,154 x cost per kw.-hr,

3/ Blaney, H, F,,and W. D, Criddle. Determining Water Requirements in Irrigated
Areas from Climatological and Irrigation reta, U, S, Department of
Agriculture, Soil Conservation Servlce K SCS-TP-96, 1950,
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(2) Besed on cost per hour for each hour that pumping
system operates., For preliminary estimates, the
cost per hour can be figured from table 8-4. The
horsepower in the table 1s the required b, h. p.
to operate the pump and drive and is not necessarily
the size of the motor provided for the job. The
figures in the table are based on a motor efficiency
of 100 percent. Correct these figures according to
the efficiency of the motor selected. Table 8-2
lists epproximate efficiencles of electric motors
based on horsepower and r. p. M.

Example 8-3:

Given: Pump installation in example 8-2. Required b.hp. = 35.3,
40 h.p. electric motor epproximately 89.5 percent
efficlent and operating 1,200 hours per year. Power
cost at $0,03 per kw.-hr.

Fina: Fuel cost per howr for each hour of operation and
total yearly cost,

Solution! From table 8-4, find cost per hour for 35 b.h.p. at
30,03 per kw. = $0.78 for 100 percent efficient motor.
Then cost per hour for 89.5 percent efficiency =

0,78 = $0,87.
«895
Total yearly cost = 1,200 x 0,87 = $1,044.

be. Internal combustion, An estimate of the rate of fuel con~
sunption for & given engine can most accurately be made if
tlie nanufacturer?!s fuel-consumption curve for that engine
is availeble, When curves are not available, the following
tabulation which is based on average mechanical und operating
coniitions cen be used for preliminary estimating purposes:

Fuel consumed

Type of engine Gallons/h.p,=hr.
Gasoline (air-cooled) 1/8
Gasoline (water-cooled) 1/10
Propane 1/7
High-speed Diesel 1/12

Fuel consumption of the propane engine probably has
the greatesc variance because the compression ratio
has a marked effect on rate of fuel consumption,
Fnzines with higher compression retios consume less
fuel, Any engine 1n poor repeir mey exceed the ratio
given, The loads imposed on the engine is an impor-
tant factor in fuel consumption. Fuel cost will go
up if the throttle setting of the engine is increased
beyond the manufacturer!s recommendation.
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{Cost per )_ (Fuel consumed)
(hour of )= b.hp. x (in gellons ) x cost of fuel per gal.
(operation) (per h.p. hour)

Tote) anrmal fuel cost = Cost per hour x Total hours opereted.

Fuel consumption of natural gas engines vary with the
B.T.U, content of the gas. For estimating purposes,
it cen be assumed that 10 cubic feet of gas are re-
quired for each horsepower-hour of operation.

2. Lubricating 0il and Greases,
a. Negligible for electric-driven plants.

b. Internal combustion engines.
Gresse per hr.

e lubricatipng oil of overation
Gasoline engine 1 gal. per 1,0C0O hp.-hrs. $0,01
Diesel 1 gel. per 1,000 hp.-hrs, .01

LPG and natural gas 0,3 gal, per 1,000 hp.-hrs. .01

3. Fngine maintenence and repairs. Repair costs are difficult
to estimate since they tend to increase with the age of the
equipment, The amount of repairs are largely affected by
the totel hours of operation. When accurate costs are not
available, the following can be used to estimate wyepair and
maintenance costs:

Electric motors $3.00/year w.hp.
Gasoline and distillate & .00175 per w.hp-hrs,
Diesel ¢ .0021 per w.hp,-hrs.

4e Pump Msintenance and Repairs,
One-half totel cos:

Turbine: Yearly cost = Estimated 1ife in years
Total cost
Centrifugal: Yearly cost = Fatimated life in years

5, Shelter Maintenance ~ £2,00 per year.

6. Attendance + Percent of plant operation time x Prevailing
wage rate,

The percent of plant-operation time varies according to the
type of installation as follows:

Diesels with large storage tank, electric or natural gas - 3 percent
Gasoline or distillate plants permanently mounted - 5 percent
Movable installations - 10 percent
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Table 8-4.--Electric motor power costs Y

Required b.hp.

Electric motor cost per hour based on 100
peroent A,C, power factor and 100 percent
motor efficiency when the current rate

§§£ kilowatt hour is

1 1%

2

2% 3

3% 4 4 5

10
15
20
25
30
35
40
4
50
60
70
80
90
100
120
140
150
175
130
200
225
250
275
300

0,03 0,04 0,06 0,08 0,09 0,11

006 007 .ll
08 11 .17
oAl 15 .22
ol 19 ,28
o17 W22 L34
20 426 .39
eR2 ¢330 45
25 o34 S50
28 W37 W56
.310 045 .67
39 <52 .78
o45 460 490

2,05 3,03
«68 2424 3.36

o15
22
«30
o37
o4d
e52

LedB

19 422
28 34
o37 45
W4T 456
56 67
065 o78
«75 490
o84 1,01
093 1412
1,12 1,34
1,31 1.57
1.49 1479
1,68 2,01
1.87 2.24
pl 2,69
61 3.13
58
e92
«0
o4B
i
«60
.16
71

°
on

COWO 0 X~
G RN N WEW)

W

&

v p-pM~VLWwLwdo N
. .

[0 D ~TWNND
[/

o O

0,13 0,15 0,17 0,19
02" 030 034 037
039 45 #50 456
052 o600 467 .75
65 75 39 93
o78 .90 1,01 1,12
91 1,04 1,18 1,31

1,04 1,19 1.34 1,49

1,18 1,34 1,51 1,68

1,31 1,49 1,68 1,87

1.57 179 2401 2424

1,83 2,09 2,35 2,61

2,09 239 2,69 2,98

2635 2,69 3,02 3,36

2462 2499 3,36 3,74

3¢13 3,58 4403 Led8

3466 Leld 4e70 5422
el8 LeT7 537 5497

Le5T 5622 54E3 5428

LeT70 5437 6404 6,71

5422 5497 6471 Te4b

5688 671 7655 Be39

6e53 Tedbd 839 9,33

Tel8 8421 942310,26

7483 8495 1007 11,19

1/ Llectric motor cost is tesed on lhe delivered Lersernier,

agsuming en efficiency
100 percent electrical

1oad operation,

of 169 rercent for the moter itrelf,
power fuctor, end continuous full-



Summary.

Total yearly costs fixed cost + operating cost

total yearly cost

Cost per acre-foot

acre~foot of water pumped
Cost per acre-foot per foot of 1ift = gost per acre-fou
feet of pumping .

Operating cost per acre-foot = oPerating cost
acre-foot of water pump

Cost per acre = total vearly cost

acres lrrigatec

Annual f'ixed costs depend entirely upon the amount of initial investment
In attempting to reduce these fixed costs, it is usually not a sound
policy to purchase smaller equipment than needed or equipment of low
quality, A smaller puaping plant that must pump the required amount

of water will natw'2liy have to operate over a longer period of time.
The fixed costs by using the smeller plant wouid be reduced. The
operating costs,nowever, may be increased in greater proportion, A
plant of greater initial cost may be sufficiently more economical in
fuel and repairs to warrant the higher fixed costs.

Only & cost study will (ive the information necessary to arrive at
the best selection., A coambinatlion of fixed and operating costs re-
sulting in the lowest over-all costs will generally be the best
selection of the type and size of pumping plant,

Txamnle 8-4:

civer: Six-inch centrilw.al pump, rlexitle coupling
drive; 6-cylinder industrial water-cooled gaso-
lire enyine; wooden pump house with concrete
Toundation; 70 acres irrigated with yeerly ap-
plication of 12 feet of water; 60 b.h:. required;
vrerated 400 hcours per year; totel punping head
of 270 feet; gascline at $0.2%/vallon and oil at
7400 ver gallon; interest rate of 5 percent.

ring: Totul yearly cost; totel yearly cost ner acre-
fout; annuws: operating cost per anre-foot; and
tota)l annual cost per acre irrigated.

Solutior:
1., Initiel Investment,

Pump coaplete with sucvion hoie and stralner 780,00
“.aylinder industrisl gascline engirne seeeee 1,270,00

amp house and foundatioNyeesecesncessssseces _ 600,00
$2,650.00
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Fixed Cost Dollars
a. Interest (—-2—259 X 0005y i rirenees 66,25
b. Taxes and tnsurence (2,650 X 0401) veveeooee 26,50
c. Deprecietion
Centrifugal puop-== 16 years _Zﬁg_ sseces 48,75
]
Gasoline engine--- 9 years.—y%gl- seses 141.11
Pump houser——-—ewee—m 20 years 628 ceses —-30,00
Total fixed cost $312,61

Anmual Operating Cost

R

b

Ce

Fuel consumption

(Cost per )

(howr of ) = 6C b.hp. x 0.1 gal./hp. x £0.25/gal.= £1.50

(operation )
Total.annual fuel conat = 51,50 x 400 hoUrS secese

Lubricating oil and greases

0il - =400 houra x 6C b.hp. x $1.00 per gel. oo
1,000 hours

CGresse - 400 hours X 0,01l per hr'e cesesscesceses

Engine maintenance and repairs

wohp, = I e Do Me x 220 feet = 4heb
3,960 w.hpn

Cost = /,A.A w.hp. X ACG hom‘ﬂ X £0000175 XK EXX)

$ 600,00

Dollars
24,00

4,00

31,08
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de fump mointenance and repairs

Dollars
¢ XX /8.
Yearly cost - 7% 60 00 QeVCOOPOIORORLIRNBIOTRY 4 75
(28 ohelter maintenance €000 080000000000 0000000000 2000

f. Attendance - 400 hours x 0,05 x £1.00 per Lour 20,90

Total annual operating cost $729,83

4. 3ummery of Costs:

llars
Total yearly cost = $312,61 + $729.83 = 1,042.44

Cost per acre-foot = .L1aQ42,44 = 14.89
pe 1 ft. x 70 acres

Cost per acre-foot per foot of 1ift = -;%532 = $0.068

Operating cost per acre-foot = 122,83 . 15,3
70 acres

Total annusl cost per acre = 110424 = 14.89
70 acres

* U. S. GOVERMENT PRINTING OFFICE : 1970 O - 388-946
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