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r n I G A T I O N  . 

CHAPTER 8. IRRIGMION PUMPING PUNTS 

Wral 

The pumpiug plant is essential i n  irrigation syetems. Pumping 
conditions usually determine the type of pump that should be used. The 
irrigation pump must be f i t t e d  to the water supply and to the job t o  be 
accomplished if high efficiencies a m  t o  be obtained. Its selection 
must be accurately made to aecure debired results and economical opera- 
t ion.  

Several differant types of pumps are available to meet the needs of  
irrigation. These include the centrifugal, turbine, propeller sir- 
l i f t  and piston or reciprocating pumps. The centrifugal, turbine, and 
propeller pumps are the types commonly used for  i r r iga t ion  pumping. 

Centrifugal pumps usually give efficient operation aver a re la l ive ly  
wide range of o p e ~ a t l n g  conditions when pumping against t o t d  heads ex- 
ceeding approximately 12 feet. The centrifugal pump sucks the water 
from the source of supply to the pump. It  is, therefore, limited ta  
locations and conditions where thin distance is  within the limits of  
suction. This l imitation w i l l  be discussed under the section on deter- 
mining suction l i f t a  for centrifugal pumps. 

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

The propeller pump is adapted t o  delivering a large quantity o f  water 
under low heads. I t  i s  adapted to  surface irrigation where large 
streams at l o w  heads are required. The propeller pump also i s  used 
extensively i n  pumping for  drainage. 

For deep wells with relatively high static water levels, the a i r l i f t  
pump is of limited application. The initial cost i s  generally lower 
t h a n  that f o r  other types of  pumps, but the operating efficiencies are 
rather low. 

The piaton or reciprocating p u p  is no longer used extensively in irri- 
gation. T h i s  pump i s  efficient for relatively small capacities at high 
heads. 



Centrifwal Pumps 

General. 
Centrifugal pumps are b u i l t  i n  two types--the hor i aon td  centrifugal 
and the ve r t i ca l  centrifugal. The horizontal type has a ve r t i ca l  im- 
pe l le r  connected t o  a horizontal shaft .  The ver t i ca l  centrifugal pump 
has a horizontal h p e l l e r  connected t o  a ve r t i ca l  shaft .  

Both types of centrifugal pumps draw water in to  t h e i r  Smpdlers, so they 
must be set only a re la t ive ly  few feet above the water surface. In this 
respect the ve r t i ca l  type has an advantage i n  tha t  it can be lowered t o  
the depth required Lo pump water and the vert ical  shaft extended t o  the 
surface wherp power is  applied. The centrifugd pump is l imited t o  pump- 
ing from resemoirs, lakes, streams, and shallow wells where the t o t a l  
suction L i f t  i s  not more than approximately 20 fee t .  

The horizontal centrifugal (fig. 8-1) is  the  one most commonly used i n  
i r r igat ion.  It costs less, is eas ier  t o  install, and i s  more accessible 
f o r  inspection and maintenance; however, it requires more space than the  
vertical type. To keep the suction l i f t  within operating Units, the 
horizontal type can be ins ta l led  i n  a p i t  but it usually is not feasible  
t o  construct watertight p i t s  more than a b u t  10 o r  15 feet deep. Elec- 
t r i c a l l y  driven pumps are best f o r  use i n  p i t s  becauae they require the 
l e a s t  cross-sectional area. 

The ver t i ca l  centrifugal pump m a y  be submerged o r  eQosed. The exposed 
pump is s e t  i n  a watertight smp at an elevation t h a t  w i l l  accommodate 
the suction l i f t .  The submerged pump is set so the impeller and suction 
entrance are under water a t  a l l  times, !l%us, it does not require priming* 
But maintenance costs may be high as it is  not possible t o  give the sh& 
bearings the best  attention. Pumps of this kind usually are r e s t r i c t ed  
t o  pumping heads of about 50 fee t .  

gperation. 
The centrifugal pump operates on the principle of centrifugal action: 
In a centrifugal pump, a motor o r  o ther  driver ro ta tes  an impeller f i t t e d  
with vanes immersed i n  water and enclosed i n  a casing. Water enters  the  
case at  the center and is immediately engaged by the impeller which is 
in rapid rotation, This rotat ion causes a flow from the center of t h e  
impeller t o  its rim o r  the outside of the case where pressure head i s  
rapidly built up. To rel ieve this pressure, the water escapes through 
the discbarge pipe. The centrifugal pump w i l l  not operate until the case 
i s  entirely ful l  of water o r  primed. The need of prim2ng is one of the 
disadvantages of the horizontal centrifugal pump. 

Characteristics. 
The principal character is t ics  of a centrifugal pump are; 

1. Smooth, ev& flow--easy on pump, motor, piping, and fomdation. 

2. Adapted t o  high-speed operation and t o  different speeds. 
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C R O S S  S E C T I O N  O F  M O D E R N  HORIZONTAL C E N T R I F U G A L  P U M P  
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Figure 8-1,--Horizontal. centrifugal pump 
for surface or pit installation, 



3, Nomverloading of  power unit with increased heads but these be 
some danger of overloading if head is decreased. 

4. Capacity and head depend upon r.p,m. and impeller diameter and width. 
In a given p q ,  the capacity and head w i l l  vary according to t h e  
individual operating characteristics of  that pump; that is, arz 
increase in head reduces the capacity and vice versa. 

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

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

7. When the operating speed Es changed ( f ig .  8-2) the capacity w i l l  
change in,direct  proportton to the variation in speed. At the same 
time, the head w i l l  vary as a square of .the change i n  speed while 
horsepower will change as the cube of the change i n  speed. This is 
represented by the following formula (variable speed-diameter 
constant) : 

r. p. m. cap. 
2 2 2 

8, When it is necessary t o  vasy the characteristics of  a pump opera- 
t ing  at constant speed, the same relationships expressed in li 
hold except that here it is the diameter of the Impeller that  Xs 
changed, Then the capacity varies directly with the di-ter; 
the head varies as a square of the diameter; and the horsepower 
varies aa a cube of the diameter. Thls is expressed by the follow- 
ing formula (variable dimnetexwonstant speed) : 



RATED SPEED (PERCENT) 

8-2.--Effect of speed change on centrifugal pump performance. 



9. These changes (7 and 8) take place with l l t t l e  o r  no change 
i n  efficiency fox small changes in speed and impeller dia- 
neter (maximum increase of speeds of about 5 percent). For 
large changes i n  speed o r  impeller diameter) the efficiency 
will be reduced. 

C b a c t e r i a t i c  Curves. 
For a particular job, the best selection of  a pump w i l l  be one tha t  
will operate at its peak efficiency. Unfortunately, this is rarely 
pogsible f o r  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 t o  design and bui ld  the 
many pumps required t o  meet all operating conditions, manufacturers 
have set t led  upon standard designs for required head and capacity 
ranges. A well-designed and integrated l ine  of pumps will be so ar- 
ranged that it is possible to  select some pump from the line f o r  any 
condition and obtain an efficiency that is within  a f e w  percentage 
points of the maxhm. Characteristic curves are available and should 
be used t o  select the best pump f o r  the particular job. 

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

A f u l l  set  of characteristic curves includes, in addition tu the head- 
capacity curve f o r  different speeds, an efficiency curve and a horse- 
power curve (f ig.  8-3). The head-capacity curve f o r  the constant 
speed of the pump represents the varying quantities of water delivered 
by the pump with variations i n  head. Head-capacity curves f o r  diff- 
erent recommended speeds of  the pump are shown. The horsepower curve 
shows the amount of power required t o  drive the pump. The efficiency 
curve shows the amount of usable wark done by t h e  pump i n  percent of  
power delivered to the pmp shaft. Efficiencies may be determined for 
any given head, speed, and capacity. The pump selected should be with- 
in the range of g r ea t e s t  efficiency. Pumps of identical design will 
have practically identical characteristics with only s l igh t  differences 
due t o  unavoidable foundry variations.. 

Data f o r  Selecting Pump. 
The following information usually is needed by the pump manufacturer 
to furnish the comect size and type of pump for a particular in- 
s ta l la t ion:  



DISCHARGE (G. P. M.) 

EXAMPLE I N  USE OF C U R V E -  
Required: 

A pymp and power unit capable of  delivering 4 8 0  g. p, rn. a t  
180 of head. 

Solution: 
I t  IS important t o  c h o o s e  a pump t h a t  w i l l  operate neor i t s  
h ~ g h e s t  e f f i c ~ e n c y  m o s t  of the t i m e .  The  pump represenfed 
by the above curve  w i l l  sat isfy t h i s  condi t ion.  F ind 180 of 
t .  d  h ,  on t h e  l e f t  s i d e  o f  curve,  f o l l ow  t h e  d o t t e d  line t o  
its in tersect ion w i th  t he  480 g. p. m. l ~ n e  extending up f r o m  
the bottom. The in tersec t ion  o f  the ve r t i ca l  and ho r i zon ta l  
d o t t e d  l ines i n d i c a t e s  t h a t  th is  pump wi l l  be sa t i s fac to ry  i f  
operated a t  2000 r, p. rn, It will then operate a t  i t s  highest 
e f f i c iency  of 7 3  percent  and w i l l  require a power u n ~ t  capa- 
ble of producing 3 0  h.p. or g reater  t o  the pump s h a f t  a t  
2000 r. p.  m. 

Figure 8-3.--Typical chsrecterist ic cvrve f a r  horimntal 
oentrlFugal pump. 
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Source of water supply . . . , . . . , . * . . 
Vertical suction lift . . * . . . . ft, 
Length of suction pipe , . . . , , , . . . . ft. 

@ 
Number and kinds of bends required . . . . . . 
Foot valve and strainer. . . . . . . . . * . . 
Static discharge l i f t  . . . . . . 4 4 . I b . ft. 
Discharge head required . . . . . . . . . ft. 
Discharge capacity of pump . . . . . . . . 4 .p.m. 
Pump location: Movable Per'manent 
Type of driver: Elec t r ic  Voltage Phase Cycle 

Gasoline Diesel 
Power Takeoff Natural or L.P. gas 

Power unit  : Separate from p u p  Combined with pump . 

InstaLLation, 
For a centrifugal pump t o  continue t o  operate a t  its designed efficiency 
and also t o  prolong the l i f e  of the equipment, the pump should be correct- 
l y  located, have a good foundation, and be properly alined. The fo1lowik-g 
factors should be considered in locating the pump: 

1. Easily accessible both f o r  inspection and maintenance. 

2, Covered t o  protect it *om the elements. A house can be 
used on permanent instal la t ions.  I n  the case of a house, 
available headroom should be provided f o r  servicing the 
equipment. 

3. Safeguarded against flood conditions unless a wet pit-type 
pump 1s used. 

4. Placed as close as possible t o  the water supply so as t o  make 
the suction line short and direct.  

Pumping units t ha t  are to be instal led i n  a permanent location provide 
the opporturdty f o r  developFhg the beat type of foundation (fig. 8-4) 
Concrete i s  the best  material f o r  constructing a good pump foundation. 
The pump unit should be securely fastened t o  the foundation. A recom- 
mended method of s e t t ing  the foundation bol t  i a  shown. The coupling 
between the pump and power unit m u s t  be i n  correct alinement regardless 
of the type of coupling. Figure 8-4 shows how a coupling can be checked 
f o r  a l inemnt  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 t o  protect the operator from the faat- 
moving shaft. 

To operate properly, the pump must be a t  a leve l  posit ion a t  a l l  times. 
Figure 8-4 shows how 4. t o  6 wedges can be wed t o  raise the entire 
pumping unit  about 3/44nch above the foundation, The wedges can then 
be adjusted as necessary t o  bring the pump into a leve l  position, After 
the pump has been leveled, a dam should be b u i l t  a t  least 2-1/2 inches 
high around the base plate; then concrete poured i n  t o  required depth 
and allowed t o  barden thoro~KLy. The wedges may be left in place, 
When the concrete is hardened, the foundation bol t  should be tightened 
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and a recheck made of the alinement. If them is any misalinement, 
it can be corrected by placing shims under the plmp, motor, or 
brsckets . 
The motor should now be checked t o  see that it rotates i n  the proper 
direction. The rotat ion of the motor must be i n  the same direction 
as the arrows on the pump casing, 

It is important tha t  pumps l i n e  up natwally with the i r  power unit 
and piping. Pipes should not be forced i n to  place with flange bolts 
as t h i s  may draw the pump out of alinement. Suction and discharge 
pipelines should be supported independently of the pwap so  as not t o  
put  any s t r a i n  on the pump casing, 

The suction pipe, particularly i n  the case of long intake pipes and 
high suct ion lifts, should be l a i d  with a uniform slope, upward from 
the  eource of water t o  the pump. there a h 4 d  b no high spot8 w h r g  
a i r  can col lect  and cause the pump t o  h e  its prime. The id& end 
of the suction pipe should be suspended above the ear th bottom of a 
atream o r  pond o r  l a i d  i n  a sump made of concrete or metal. On hori- 
zontal suction l ines  where a reducer is used, it should be of the 
eccentric type with the s t r a igh t  section on the upper side of the 
l ine  and the tapered section on the bottom side. 

A i r  may enter the  auction pipe entrained i n  the water, or by means 
of whkrlpools which form i n  the sump when the water velocity is too 
high i n  the intake pipe. I f  the water leve l  i n  the sump is too low, 
or the inlet nozzle is not suf f ic ien t ly  submerged, air m&y enter the 
suction pipe through vortex o r  whirlpool, This generally can be over- 

e 
come by using a larger suction pipe, especially if  the pipe is flared. 
In shallow water, a mat or f l o a t  located above the suction i n l e t  w i l l  
reduce the vortex. Pipe sizes ahmild be increased u n t i l  the water 
velocity is less than 3 f e e t  per second a t  the entrance. A stream of 
water falling i n t o  the amp near the intake pipe will churn air in to  
the water and cause trouble i n  the suction Line. This can be overcome 
by extending the suction l ine  deeper into the water, 

When watw m u s t  be pumped Prom a well or a sump of small cross-sectional 
area, the water will tend t o  ro ta te ,  and t h i s  w i l l  in terfere  with the 
flow in to  the suction line, This is particularly +true i n  cyl indrical  
sumps or  wells. A baffle placed on opposite sides of the suction pipe 
and at right angle t o  the ro ta t ion  of the water overcomes t h i s  trouble. 

A short elbow should never be bolted djrectly t o  the suction opening 
of a pump, Such a sharp bend so  nem the pump i n l e t  causes a disturb 
ance i n  the waterflow and may result i n  noisy operation, l o s s  of  efff-  
ciency, and heavy end thrusts.  This is particularly true when the 
suction l i f t  is high, If it is necessary t o  make a bend in the suction 
line, it should be in the form of a long sweep or  long raditm elbow arid 
should be placed as far away f'rom the pump as is practicable, 



Screens or strainers should be used t o  exclude debris from the suction 
l ine.  If the source of water contains large amounts of small debris, a 
screen placed around and 2 or 3 fee t  from the inlet of the suction hose 
w i l l  provide good protection and be less l i ke ly  t o  clog, Strainers are 
generally small and are fastened t o  the end of the suction pipe. They 
are sat isfactory in r e l a t ive ly  clear water. 

In some cases, it is not poeaible t o  locate %he centxifugal i r r iga t ion  
pump in a permanent location. It may be needed i n  more than one location 
on the farm. This increases the difficulty of providing a proper founda- 
tion. Portable pump wits generally are mounted on wheels or skids. It 
is  highly important t o  locate t h i s  type unit s o  tha t  it is level,  is on 
firm ground, and is securely staked in place so tha t  it w i l l  not shift 
during the time it is operating. 

In  pumping *om rivers with moderately sloping banks, the horizontal centri- 
fugal pump may be mounted on skids, on sloping timbers or track s o  that it 
can be removed quickly from floods, This method also can be used where the 
water leve l  fluctuates suff ic ient ly  to be out  of range of suction lift if 
the pump were ins ta l led  in a permanent location. With steep banks it may 
be necessary t o  build a foundation platform secured t o  pil ing o r  t o  place 
the pump unit on a floating barge or  boat. 

Prin3ntira 

Centrifugal pumps, due to t he i r  nonpositive action, must be primed before 
the pump w i l l  operate. They w i l l  not lift water from a source of supply 
unlesa the pump casing and the suction plpe are bath full of water. This 
can be accomplished by one of the fo l lowing  priming methods t ha t  are generdly.  
used i n  i r r iga t ion  pumping: 

1, By use cf a foot valve and water from an outside supply ( f ig .  8-5). 
The outside supply m u s t  be large enough to keep the pump and 
suction l i n e  f i l l e d  'unt i l  the pump is primed. To prime, close 
discharge gate valve, open afr vent valve, and open gate valve 
i n  supply line unt i l  all air is axpelled and water issues from 
vent openings, Close valve i n  supply line, close air vent, valves, 
and a t a r t  pump; then open discharge gate valve. 

By separate hand-controlled priming pump and foot valve (fig . 8-61 . 
The band-priming pump is a simpla, high-peed air pump with Its 
primer suction in le t  connected to the priming pwt af the centrif-  
ugal pump, If connectian is  made on the pump discharge, a valve 
must be instal led in the ~~ line, The pmp handle is used 
t o  actuate a diaphragm i n  the prkbg-pump chamber, A i r  is dram 
into the c h m b r  from the centrifugal pump "through a suct ion Valve 
on the nupstroken and discharged through a diachwge valve oh Lhs 
tldownskroke.u To prime the pump, close the dischmge gate valve 
and air- vent valve. Open valve in priming line. Exhaust air 
From pmp and suction piping un t i l  water flows from priming pump. 
Close valve i n  priming line, s t a s t  centrifugal pump, m d  open 
dischaxge gate valva, 
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a 3. By engfne exhaust (fig* 8.7). Pumps powered by' combwtion 
engines can be primed by a device u t i l i z i g  t he  enginets 
exhaust gas. It is known as an ejector primer. !Chis deXice 
is essen&lly a velocity pump for the removal of air from 
the centrifugal pump and the suction line by the entraining 
action of a rapidJy moving j e t  of exhaust gas from the engine* 
With the ejector  primer, a check valve of gate valve is used 
on the discharge side of the pump t o  prevent the entrance of 
additional air in to  the pump casing during priming* A d l  
tube w i t h  a shutoff valve connects the ejector t o  the pump 
casing, forming a passageway f o r  a i r  ramoval* 

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 t o  close it, Exhaust 
gas is now bypassed through the ejectm. The rapidly moving 
exhaust gas expanding and con-t;rac%ing i n  passing through the 
ejector nozzle and Venturi tube entrain3 air in .the mixture at 
the induction chamber. The continued entrahing effect rapidly 
removes air from the pump casing, and water is drawn into the 
suction pipe and pump casing. 

A s  soon as the pump is primed, water vapor discharges from the 
Ventmi tube. Then open tbe discharge gate valve if one is 
used instead of a check valve; start the pump and close the 
shutoff valve i n  the primer. After p r M n g  has been completed, 
the primer handle should be laid over 180° f r o m  the primjlng 
position t o  permit the exhaust valve t o  float in the exhaust 
stream. 

4. By manif old prlimer (fig. 8-g) . The manifold prjsler can be 
used on a wide variety of combustion engines which operate 
on gasol im,  natural: 01- LP gas and have four or more cylinders 
This primer uses the engine manifold vacuum t o  evacuate air 
from the pump casing and suction line. It is equipped with a 
f l o a t  valve that  provides instant and positive closure aa soon 
as priming is complete t o  prevent reverse flow during n0~lna.l 
pump operation, The manifold primer is almost automatic on 
most installatiom; however, it is generally furnished with a 
rese t  switch t o  open the f l o a t  valve any time it closes pre- 
maturely. 

To prime pump, close discharge gate vdve, run motor a t  slow 
speed, and open shutoff valve of  prber. When pump is full 
of w a t e r ,  close shutoff valve, accelerate engine, and open 
discharge gate valve. 

5. By dry vacua pump (fig 8-9). P r S n g  by this method involves 
the use of a dry vacuum pump powered by an auxilisry motor or 
belted or geared-to-the-pump motor to evacuate air from the 
pump casing and suction line. The installation requires a 
float-controlled air-release vdve which w i l l  permit air to 
paas, but w i l l  cloae when water fills the chamber t o  premnt 
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S H U T O F F  V A L V E  

figure 8-?.--Priming with exhaust primer. 

S H U T O F F  V A L V E  

M A N I F O L D  P R I M E R  

Figure 8-$,--Priming with manifold primer. 
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Figure 8-9. --Priming by dry vacuum. pump. 
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Figure 8-10,-Self-priming cent.rifugerl pumpa. 
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water biag dram into and damagim the dry vacuum pump. A 
water-level indicator or sight glass, as shown i n  the drawing, 
w i l l  help t o  determine when the pump is primed, 

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

6 .  Self-primbg centrifugal pumps. Self -priming centrifugal 
pGps are made by several manufacturers, With this type of 
pump the pump chambar and hopper must be first filled with 
water, Therefore, i t s  advantage is primarily confinedto 
the smaller s i z e  pump. They are used extensively by contrac- 
tors but are generally limited t o  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 l ine  and 
water within the pump rush into this void. They are mhed 
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 t o  the impeller. 
Mre air is entrained and the cycle is repeated unti l  the pump 
is primed. 0 
When the pump is primed ahd pumping channels 1 and 2, shown in 
f ig .  8-10, ' B, become one common discharge channel, the water 
is  lio longer circulating withln the pump while pumping. The 
pump is equipped with a check valve at the  suction inlet t o  
the pump, and thus the pump is always f u l l  of  water and priming 
i s  automatic after the pump is once filled by hand* 

Trouble Checklist. 
When the centrifugal pump fails t o  operate or the discharge or pressure 
dropa, the cause of troubh should be investigated inmediately and 
steps taken t o  eliminate it. Investigation shows that the majority 
of troubles with centrifugal pumps, except mechanical Eaflwes, can 
be traced to the suction line, its joints, elbows, foot velves, and 
other accessaries. Air leaks in  the suction l ine must be elimin- 
ated to  attain the maximum suction lift for  a given installation. 
The following checklist will be helpful in locating the cause of the 
trouble t 

Pump fails to prime, 

1, Failure of the pump t o  prime is mostly occanionad 
by an air leak in ths auction line or in the pump. 



2. The most common sources of air leaks are i n  the threaded 
connection of the suction line. Coat these connections 
with pipe cement or whits lead and then draw them t ight ,  
A l l  connections provided with gaskets must be drawn up 
t ight .  

3. The check valve on the discharge side of  the pump may have 
d e k i s  lodged between the rubber flap and the valve seat, 
This w i l l  prevent the valve f r ~ m  sealing and forming an air- 
tight joint. 

4 Occasiomlly, gaskets ahrink md admit a i ~  i n t o  the pump. Tight- 
ening the flanges or comections will remedy t h i b  d i f f i -  
culty, 

5. Rotary shaft seals may leak air if improperly greased or worn, 
Check this by running the pump and squir-bing o i l  on the shaft; 
just outside the seal. If oil is drawn into the seal, a leak 
is indicated. Fi l l ing the s s d  with greaae may e l b i n a t e  the 
difficulty, but if the parts are worn, repairs kney be necess- 
ary. If the sea l  is always kept full of the proper grade of 
grease, l i t t l e ,  if aay trouble w i l l  be encountered, 

6. Connections in the priming l ine  between the pump and primer 
m u s t  be air-tight or the pump w i l l  fail t o  prime* 

7. Screw t i g h t  dl drain m d  fi l l  plugs in the pump case to 
prevent air leaks. 

8, A plugged suction l ine or a collapsed suction hose l iner  
is a frequent source of priming d i f f i c u l t i e s ,  Do not over- 
look this possibil ity.  

Pytgx) fails, to develo~ aufficia& measure or c a ~ a c i t ~ .  

1. Check pump a p e d .  The capacity of the pump w i l l  Vary 
directly w i t h  speed, and pressme will V q Y  with the s q w e  
of the speed. This beans that increasing the speed 20 percent 
w i l l  increase the capacity 20 percent and the head 44 percent. 
On internal erigines, check the governor and adjust if necess- 
ary. With electric  motors, check to  see if motor is across 
l ine,  wiring correct and receidng ful l  voltage. 

2, Check the suction line, strainer, and foot valve. They 
may be clogged wi th  debris. A frequent source of  d i f f i -  
culty is a collapsed suction-hose liner which has the effect 
of reducing the capacity and pressure the pump develops. 
The f oo t  valve may be too small or not immersed deep enough 
t o  prevent air being drawn i n  with the water, 



Check for aiy leaks in p u p  o r  auetion line, Air 
laaka in the nuctioa line or in the pump oc- 
canion a reduction in both capacity and pressure, 
A nlaall air leak w h i c h  is not great enough t o  pre- 
vent tb pump from primiq may reduce both capacity 
aLld p B S 8 W T e  o 

Check suction lif't. If the suction lift is too high, 
reduction i n  capacity will occur. L i f t s  of more than 
20 feet are de f in i t e ly  too high f o r  e f f i c i en t  opera- 
tion, and the cloaer the pump can be located t o  the 
source of supply, the better will be the results 
obtained. Refer t o  Determining Operating Conditions, 
and discussion on computing suction l i f t .  

Check length of suction lines. Long suctioh lineg 
have the same ef fec t  as a high suction lift because 
of the increased f r i c t i o n  when the water passes through 
the  line. 

Check f o r  worn parts, Worn parts, such as impellax 
wear rings, w i l l  reduce both capacity and pressme. 
The impeller may be damaged or the casing packing 
defective . 
Check impeller for clogging, Jf the hpeLler is 
plugged with foreign material, a reduction i n  both 
capacity and pressure w i l l  occur. 

Check piping layout. It is charactaristic of cen- 
t r i f u g a l  pumps operated a t  constant. speed that as 
the pressure is increased, the capacity decreases. 
In those cases where the pump pressure and capacity 
are i n  accordance with the characteristic curve, and 
when the speed of the engine c m o L  be increased, if 
necessary make some alterations i n  the pipeline so as 
t o  reduce the f r i c t iona l  resistance and thereby increase 
the capacity of the pump. 

Pump talres too  much power. 

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

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

3. Cheek f o r  mechanical defects such as bent shaft, binding 
ro t a t i ng  elements, too tight stuffing box, on' misaline- 
ment of pump and driving unit .  
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a PumD leaks excessively a t  stuffine: bax, 

1, The packing m y  be worn o r  not  properly lubricated, 

2. The packing may be incor rec t ly  inserted or* not prape~ly run in. 

I 3. Packing is not t he  r i g h t  kind or the shaft may be scored. 

1. Hydraulic noise-cavitation-suction lift is too high. 
Check t h i s  with a gage. 

I 2, Check for mechanical defects such as bent shaf-t;; binding rotating 
parts; loose, broken, or worn-out bearings; o r  dsalinement of 
pump and driving unit. 

General. 
The deepwell turbine pump used i n  irrigation i s  adapted f o r  use i n  
cased wells o r  where t he  water surface i s  below the practical limits 
of a centrifugal pump. Successful installations have been made where 
the water surface was  500 fee t  below the ground. Turbine-pwnp eff i -  
ciencies are compmabfe with those of a good horizontal centrifugal 
pump. They will give long and dependable service if properly insta& 
ed and maintained. However, they are usually more expensive than 
centrifugal pumps and are more d i f f icul t  t o  inspect  and repair. 

Turbine pumps are classified by the t ype  of flow produced by the 
impeller, The centrifugal type discharges water a t  r ight  q l e s  
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 i s  a combination o f  axial-flow and centrifugal and 
is known as a mixed-f l o w  turbine (fig . 8-n) . 
Operat ion, 
The turbine has three main parts : the head, the pump b o w l ,  and the 
discharge column. A shaft from the head t o  the pump bowl drives the 
impeller. The bowl i s  placed beneath the water  surface* It has a 
screen t o  keep coarse sand and gravel from entering the  pump, The 
turbine p u p  has s ta t ionary guide vanes surrounding the impeller. 
A s  the  water leaves t h e  rotor, the gradud ly  enlarging vanes guide 
t h e  water t o  t h e  casing a?d t he  kinetic enarw is  converted t o  pressure. 
The vanes provide s more unifarm distr ibut ion of the pressure, 

In the d e e p w e l l  turbine pump, the maximum impeller diametey is deter- 
mined by the  diameter of the  b o w l  which is, i n  turn, res t r ic ted  by 
the well dimeter.  Since well diameters usually are relatively small, 
t h e  head developed. by a single impeller known as a si~gle-stage pump 
i s  not  great. It is  usually necessary t o  use more than one stage t o  
create the required pumping head with one-slee impeller dischargill& 
directly into another. The head produced by such a pump i s  directly" 
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proportional t o  the number of stages; Wlat i s ,  f o r  given capacity, a 
two-stage p a p  w i l l  produce twice the head of  a single-sbge pump, etc. 

The type of impsuer af fects  capacity. The capacity i s  determined by 
the area through which f l ow  oocurs and by the ve loc i ty  of flows through 
th i s  area. The velocity is detedned by the peripheral speed of the 
impeller so that  the quantity is then determined by the width of the 
impeller*, Of two inpellera of the same diameter, the bne bavhg 
greater width will have a greater capacity. The impeller may be de- 
signed so that the discharge does not increase 80 rapidly with reduc- 
tion in Uft and thus an increase i n  the brake horsepower required a t  
low lift may be avoided. Thia i a  an advantage to  prevent overloading 
with changing conditionsr 

Impellere also may be deeigned with a higher effiaienuy over a narrow 
range of discharges 4 t h  a rapid decrease in  effiaiencies under both 
larger and smaller heads, In wells where fluctuations i n  lift frequent- 
l y  occur, impellers with flat-topped efficiency c w e s  usually w i l l  give 
higher average effiaiencies for  all-season operations, 

Seasonal fluctuations in the water table should be determina prior  t o  
installing the pump so that the bowls of the turbixle pump can be placed 
below the farthest drawdown point. Although a p u p  i a  aapable of draw- 
ing the water below the bowls by drawing on the suction, it I s  better 
t o  have the auction Uft i n  reeeme against a loweeng of the w&sr 
table, In _locattoas where $ltgSua.tions w e  q t  to. oc-cyr _and th is 
important t o  maintain a coxlstmt diachgrge over the a n t i c & ~ b . d  pump 
ing range, a power unit with variable speeds m a t  be wed, 

In area8 of flurstuatbg water table, It is a good policy t o  ins ta l l  a 
water-level measuring device with the pump. Thia w i l l  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 datemined by 
t e s t  and depend largely on the bbwl design and by h e  speed of  the 
impeller shaft. Head capacity, efficiency, horsepower, and rate of 
speed are shd lar  to those given for eantrifugal pumps* Efficiency 
curves, in particular, are very similar if the pumps are operated a t  
t he i r  designed speea, Turbines, however, uannot operate at a high effi- 
ciency over as wide a range of speed aa a m  oentrifugal pumps, The 
reason for  t h i ~  is that a high efficiency i s  possible only if the vanes 
i n  the bowl are i n  line with the flow of water as it leaves the t i p  of 
the impeller. Mhen the speed of the impeller changes, the direction 
of flow of  water leaving the impeller also changes. This causes turbu- 
lence againat the vane and results In reduced affibiency. 

Figure 8-12 shows a typical charactaristio curve for a deep-well turbine 
pump. It i s  important that the characteristic m e s  be atudied care- 
fully i n  selecting a pump for  any operat- condition* Xf the pump is 
too  large, it w i l l  operate too far to  the l e f t  of  its curve; i t a  
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efficiency will be Low; and possibly a mall Fncreass in head  ill 
cause a large decrease in capacity, Xhen the pump is t oo  small, it 
will operate 'too far t o  the  r i gh t  of i t s  curve, Again, t h i s  p m ~ i d e s  
poor efficiency, The head developed per stage will be low requiring 
addjt ional stages tha t  would not have been necessary Zf a bet ter  
selection had been made, Figure 8-13 shows t h e  effect  of change in 
operating conditions on pump efficiency. 

Pump Selection. 
The deep-well turbine pump, as constructed today, is f a i r l y  well 
standardized both as t o  materials used and general assemblage, Frob- 
ably the greatest difference between the mnufactmed u n i t s  i s  the 
design o f  the bowl and impeller and in the method of luhricatinn. 
Some compnies offer  oil-lubricated pumps; others water-lubricated; 
and some offer both, Both types have been operating successfully, 
Yells producing f b e  smds should be equipped w i t h  an oil-lubricated 
pump. idater f o r  domestic use must be f r ee  of oil, and since oi l -  
lubricatad pmps waste some o i l  into t h e  water-, i t  is important that 
water-lubricated pumps be used, 

Each. reputable manufacturer has developed a series of pump bewls that 
have definite characteristics,  They have tried to develop a series 
of bowls t h a t  my be used singly o r  more commonly i n  a series t o  meet 
any c~mbinatfon of  head and discharge with a reasonably high efffclen- 
cy. Possibly the biggest difference between manufacturers is Jyl the  
efficiency guarantesd over .the range of pumping heads and diacha~ges  
specified, Qu3.t.e of ten  one manufactwer mag be able t o  meet a range 
o f  dischaxlge and lift with a set o f  bowls at the peak o f  Lheir per- 
f ommncc: curve, w h i l e  another manufacturer may have t o  utilize a sat 
of bowls that is operating t o  one side or t he  o ther  of their bas% 
perfomancc t u  meet the conditions specified* 

The selection of  the proper silrev of pump cul.umn and shaft, type m d  
number of bawls, spacing of bearings and spiders, etc,, and t h e  match- 
ing of t he  various units of the pump t o  meet all. well conditions have 
defied ell attempts a t  s impl i f icat ion and standardization, Most 
companies offering deep-well turbine pumps have built up their own 
data from which the var ious  parts of the turbine pwnp are selected 
and matched to meet a specific condition. These data are bath vol- 
uminous and fairly complicated, Tc specify limiting sizes of pump 
column and shafting, material usad, etc., m y  result) 5n a pwnp installa- 
t ion t h a t  i s  more c ~ s t l y ,  and in s m e  cases loss eff icient ,  than  could 
be obtsined if the matching of  t h e  p m p  assemblage were left 50 the. 
bidder. If guaranteed efficiencies and com~lete description of the 
unit are specified, it is f e l t  tha t  sufficient data w i l l  be obtained 
t o  make proper comparisons. 

Data f o r  select in^ Pump. 
Before any pump selection can be made, it is necessary to have avail- 
able accwate  well data, \!bile R pump can be selected f o r  any head 
and capecity, an unsatisfactory Fnstal la t ion is certain t o  result 
unless t h i s  pwnp matches the characteristics of the well, Bery  wall 
should there.fore be tested before a pump is purchased f o r  permment 
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At A * i s  shown the head-capocity curve fo r  a well with the high- 
water- table conditions that  o f t e n  exist in the spring, a t  the  
beginning of the pumping season. 

The f ie ld head capaci ty  f o r  the pump is shown a t  8, Under 
these condit ibns the two curves cross at X ,  which indicates that  
this part icular pump would deliver 700 gallons per minute w i th  a 
l i f t  of 39  feet.  

A pump is Chosen with the highest efficiency, about 71 parcant 
a t  th is  point as  shown by effiCiency curve C. Later in the season 
the water table may drop 10 feet, and the  new heod-capaci ty  curve  

may appear as shown by the do t ted  l i n e  D. This crosses l ine B a t  
Y which now ind i ca tes  t h a t  on ly  530 ga l lons  o f  water w i l l  b e  

pumped per minute and that the new head w i l l  be 46 fee t  instead 
o f  39. 

The ope ra t i ng  po in t  h a s  moved down the e f f i c i e n c y  curve, ond 
now the new e f f i c iency  i s  approx imute ly  65 pe rcen t  instead o f  
71 percent.  

In choosing a pump, i t  i s  wel l  t o  Obtain o c c u r a t e  d a t d  on  the 
f luc tua t ions  o f  the woter tab le .  In th is  cose o pump with a n  
e f f i c i ency  curve  a s  shown by do t ted  l i n e  E would hove s e w e d  
both condit ions w i t h  h igh  e f f i c iency  o t  a l l  t imes.  

A pump d e s i g n  which produces a f l o t - t o p p e d  e f f i c iency  curve 
is odvontageous under the  conditions shown in the accompanying 

d i c 3 r a m .  

Rgure 8-13.--Effect of change in operating cahditions on pump efficiency. 
a 
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betallation.  These teats should be made w i t h  the greateet accuracy, 
since faulty capacity or head m e a m e n l a  are as bad as no measure- 
ment a t  a l l .  The foUowLng information is usually desired by pump 
m~nufacturers ao that they oan determine the type and alree of pump 
needed to fit the charaotdatiam of the well: 

Depth of wall  . . . . . . . . . . . . . . .  feet 
Inaide dimetar of  w e l l  casing * . . . fncbes 
Depth to static water level . . . . . . .  feet 
F'umdah drawdown-yleu relationship c m e  
Seasonal fluctuation in water tabla . . .  feet ............ Capacity of pump , apm 
Depth to end of suction pips . . . . .  feet 
festminarrequired?.  . . . . . . . a .  

'Pype of driver: EAeatrict voltagee , , phase uycle 
Ga~ollne , ,  Diesel 
Natural or LP gaa power takeoff 

jhetallatioa. 
Most of the installatioil features dleousaed under omtr*lfugal p w s  
also apply to turbine pump#, Deep-well turbine pumps must be in 
correct dinemant between the pump -4 the powar unit, and the pump 
should be allned in the well casing so that no part of the pump assably 
touches the well caaing. This is important becausa vibration i n  the 
pump assembly will wear holes In the well casbg whenever the t w o  come 

The pump.must be mounted an a good foundation ao that i t s  alinanetlt 
between pump an8 drive and pump and wen aasing win be maintained 
at all times. A foundation of  contlrste pmvidea the mat permanent 
and trouble-free installation. The foundation must be large enough 
so that the pump and drive adaembly can be securely fastened, The 
foundation 8ho3d have a t  least  12 inchea of bearing surfaae on all 
aides of the well. In the case of a pvel-packed well, t h i s  12-inch 
alearaace should be measured from the outside edge of the gravel pa&- 
ing. When the p~mp is  installed i n  a gravel-paoked well, at l e a a t  
tuo openings should be prodded in the foundation on opposite sidea 
of the w e l l  to permit refill3ng with gravel as the gravel-pack settlea - - 
(fig . 8-14) , 

Submersible Pumps 

Ceneral. 
The submereible p a p  i a  simply a turbine pump close-coupled to a 
fmhersible eletltric motor at-ched to the lower side of the turbine. 
Both pump and motor are suspended in the water, thereby e1;lminating 
the long-line ahaft and bearing retainers that are normally required 
for  a conventional deepwell turbine pump. Operating; characteristics 
am the same aa described for deep-well turbine pumps. 
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Suhers ib le  pumps are adapted to cased wells of 4 inches in diameter 
o r  larger and settings generally in excess of  50 feet. The short- 
l ine shaft makes it particularly adaptable t o  deep set t ings and 
crooked wells, A s  the submersible pump has no above-ground workiag 
parts, it can be used where flooaing may be a hasard by s e a h g  the 
well and placing the starting box, meter, and tranafomer on a pole  
above high water, It is a lso  adaptable t o  locations where above- 
ground pump f a c i l i t i e s  would be unsightly o r  hazardous. 

Operation, 
The submersible pump consists of a pump and motor assambly, a head 
assembly, discharge column, and a subnarine cable t o  furnish power 
t o  the & t o r .  (fig, 8-15) * - 

The pump, being a centrifugal-type turbine, is equipped w i t h  either 
closed Impellers o r  open impellers o r  some modification of these two 
types arranged in series. The closed-impeller type is generally used 
where it is  neoesaary f o r  the pump t o  develop high pressures, Wate~ 
enters  the pump through a screen located  between the motor and pump. 

The submersible motors are made amallex+ in diameter and much longer 
than ordinary motors so that they may be inserted i n  wells of the  
usual diameters, These motors are made in varioua ways but are 
generally referred t o  as dry motors and wet mators, D r ~ r  motors We 
those that are hermatically sealed t o  exdude the water in the well. 
These motors rua in a high die lec t r iu  oiZ under pressure, which f i l ls  
the cavity inside the motor, submerging the windings, bearings, and 
rotor, Various provisions are made t o  prevent the entrance of  watar 
into the motor, Bxternal cooling of the oil i s  acoompUahed by the 
flow of water around the motor, 

Wet motora a r e  those i n  which the well water has access to the inside 
of the motor w i t h  the rotor  a d  bearings aotually operating in the 
water, In  t h i s  type of motor, the winding8 of the starter are usually 
completely sealed off f r o m  the r o t o r  by means of a thin, atainlesa 
steel inner liner* A f i l t e r  around the shaft  is reqwhed to prevent 
the entrance of abrasive material i a t o  the motor, This type of motor 
.must be fi l led w i t h  water during installation so that t h e  bearings 
w i l l  have sufficient lubrioation when the motor is first started. 

Instartation, 
The discharge pipe connects the pump to the head aersembly, This pipe 
must be long enough t o  provide complete submergence of both the pmp 
and the  motor at all times, Initial  c o s t  o f  installlny the submers- 
ib le  pump is low, Ewe i n  i n s t a l l a t i o n  is an outstanding feature aa 
it i s  nacessaq only to add the required length o f  discharge pipe t o  
lower the unit t o  the proper setting, The head assembly should rest 
on arid be securely fastened to a concrete base that oovers the w e l l  
casing, Since the complete pump and motor assembly is in the well, no 
pump house is required, thus providing a saving in the installation 
cost. The con t ro l  panel, however, w h i c h  includes an entrance switch, 
meter, magnetic starter, and, i n  the case of a dry motor ins ta l la t ion ,  
an o i l  well safety control, 8hould be enclosed Fn a waterproof box. 
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Prooel l e r  Pumps 

Ge9rersl. 
There are two types of propeller pumps, the  axial-flow o r  screw type, 
and the mixed flow, The major difference between t h e  axial-flow md 
the mixed-flow propeller pump is i n  the type of impeller (fig.  &16). 

The principal parts of a propeller pump are  similar t o  the  deep-well 
twb ine  pump in tha t  they have a head, an impeller, and a discharge 
column, A shaft extends from the head down the center of the column 
t o  drive the impeller. Some manUracturers design t h e i r  pumps f o r  multi- 
stage operation by adding additional impellers where requirements demand 
higher heads than obtainable with single-stage pumps, 

Where propeller pmps are adapted, they have the  advantage of l o w  first 
cost  and the capacity t o  deliver more w8ter than the centrifugal. pump 
for  a given s i z e  impllsr. Also, fo r  a given change i n  pumplng lift, 
the propeller pump will provide a mope nearly constant f low than a 
centrifugal p u p .  Their disadvantage is that they are l imited to pump- 
ing against l o w  heads. 

- 

Axial Flow, 
The axial-flow single-stage propeller pumps are l imited t o  pumping 
against heads of around 10 f e e t ,  By add-hg additional s t a e s ,  heads 
of  30 t o  40 feet  are obtainable. These pumps are available in s i z e s  
ranging from 8 up t o  48 inches. The impeller has several blades like 
a boat propeller. The blades are set  on the shaft at q l e s  determined 
according t o  the head and speed. Some manufacturere have several pro- 
pe l le rs  for the same size of pump, thereby providing for  different 
capacities and heads, The water is moved up by the lift of the pro- 
peller blades and the direction of flow does not change as in a centrif- 
ugal pump. A spiral. motion of t he  water r e su l t s  from the screw action 
but may be corrected by diffusion vanes. 

Mixed Flow. 
The mixed-flaw propeller p w ~  is designed especially for large capad- 
i t i e s  with moderate heads. The smaller size single-stage pump w i l l  
operate efficiently a t  low heads of from 6 ta 26 feet. The multiple 
stage and large size pumps will handle heads up to approximately 125 
fee t ,  They are generally butl t  i n  s izes  rang- from 10 t o  30 inches, 
The mixed-flow pump uaes an open vane cuxved blade impeller which 
combines the screw and centrifugal principles i n  building up the  pressure 
head. They have a capacity iange of from 1,000 g, p, m* t o  approximately 
50,000 g, p. m. depend% on size, stages, and heads. The mixed-flow 
pump operates more ef f ic ien t ly  against higher heads than the axial- 
flow propeller pmp. 

O~eratina C h a r a c t e r i s t i ~ .  
Powor requirements of the  propeller pump increase di rec t ly  as the head 
so adequate power must be provided t o  drive the pump a t  maximum 1i f -b .  
There is some tendency f o r  a propeller pump t o  overload as head is  in- 
creased, For t h i s  reason, it i s  important t o  select  a motor which w i l l  
provide ample power t o  drive the pump through the entife range of con- 
ditions due t o  change in water l e v e l  o r  discharge pressures. Propeller 
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pumps are not suitable under conditions where it i s  necessary t o  
throttle the discharge t o  secure feduced delivery. I t  is important 
to  accurately determine the maximum tota l  head against which t h i s  
type of pump w i l l  operate. 

Propeller pumps are not suitable for suction l i f t .  The impeller 
bowl must be suberged with the pump operating at the proper submer- 
gence depth, Different makes and sizes of pumps require different 
submergence depths. Therefore, the recommendations of the pump 
manufacturer should always be followed. Failure t o  observe requi~ed 
suhergence depth may cause severe mechanical vibrations and rapid 
deterioration of propeller blades. 

It is also important that proper clewances be maintainad 'between 
the end of the suction pipe and the side walls and bottom of the 
p i t  or pump-intake bay. Failure to observe manufacturers' ~.ecor&eilda- 
t i ons  on this pin t  can result i n  lowering of  efficiencies.  
two or more pumps are installed in one pump bay, they must be separated 
far enough s o  as not t o  interfere with each other. The pump manu- 
facturers have specifications f o r  this distance, In geheral, this 
distance should be three t b e s  the diameter of the be l l  at the 
suction end of the pump measured between bells. 

Some ruanufactul.ers recommend that each pump have its own srrmp. This 
can ba obtained by constructing a baffle w a l l  betwean adjoining pumps 
reaching from the sump floor t o  the water level in the sump. When 
each pump has its o m  sump, the distance between pumps is controlled 
by the required clearace 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. 

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

Propeller pumps are made by moat of  the na t fand ly  known pump manu- 
facturers and by many small local machihe shops. The lwge pump 
companies have rating curves developed by actual tests.  These rating 
curves take into account all l o s s e s  in the pump, 

The locally manufactured pump generi l ly  lacks th6 bydraulie-design 
requirements incorporated in the nationally known pumps. The result 
is that they are generally cheaper t o  buy but have higher operating 
costs, particularly for higher heads, Very few of the small l oca l  
companies have made sufficient tes ta  Lo develop adequate rating 

' 

curves. Generally, for s tat ic  lifts up to a b u t  4 or 5 feet, losses 
in the pump are not sa important and these locally manufactured 
pumps may be fairly efficient. 
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Table showing manufacturer's recommendations of 
c learances for p rope l le r  pump: 

G 
Clearance between 

A B suction end  and 
Pump Amount o f  C l e a ~ a n c e  between sump f l o o r  
s ize  submergence pump and side walls (without strainer) 

8 2 ' -  2" 12" 7" 
10 2' - 6" 15" 

2' - 9" 8"  
12 18" 1 0 "  
14 3' - 0" 21" 1 2" 

Where two  pumps ore  used, the  c l e a t o n c e  between b e l l s  
should be  41", 50" and 66" r e s p e c f i v e l y  fo r  8, 10, 12 a n d  
14 inch pumps. 

Figure 8-17. --Clearance required for propeller pump, 
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Inat allat ion. 
The vert icd propeller pump should be set on a firm, adequate founda- 
t ion and securely fastened so that it will withstand t h e  pump vibra- 
tions aa well as the dead load of the pump and structure. The entire 
weight of the complete pump unit is  supported by the b a ~ e  or f l o o r  
plates. The foundation should be designed to support t h i s  weight evedy 
on all sides of the baae plate and allow the uni t  to  hang perpendicular 
through the floor opening provided for it, I t  ks important to  obtain 
uniform support for the base plate so as t o  avoid deflection of the 
pump column. 

Generally the pump i s  fastened t o  a floor supported either on p i l ing  
or on the aides o f  the intake bay or sump. If a partially enclosed 
pump bay i s  used, it should preferably be square. A circular shape 
tends to  accentuate the rotation of the water i n  the sump which may 
seriously interfere with pump operations, The installation of baffle 
plates attached t o  the sides of  the sump w i l l  help t o  overcome tks 
trouble. 

The 45' angle propeller pump should be installed with the same cam 
as outlined for the vertical pump. Since this pump must se t  at an 
angle to the pump bay and water surface, it i s  necessary t o  so m a n g e  
the supporting beams so that the pump's base plate can be securely 
fastened in line with the manufacturer ts recommendations, 

Some type of strainer or screen should be installed t o  exclude f loat ing 
wood or other debris  that would damage the impel-ler if drawn into the 
pump. Some manufacturers provide a small strainer that can be attached 
to the suction bowl. These strainem work sat i s factor i ly  when water 
is pumped that is comparatively free of floating vegetation and 
debria, When the source of water supply contains this type of foreign 
material, the small strainer is apt to became clogged, Mhen t h i s  happens, 
2% is  a s e  t o  construct som9 type of screen around the i.nlet of the 
intake bay o r  s m p  so m t o  increase the area for straining out  the smal l  
debris. 

ata for Se lec thg  Pump. 
!n general, the data needed far p.opsrly selecting a pro-peller pump and 
drives are abut  the arame as t ha t  for the other typea of pump, Reasonably 
accurate data be furnished tha pmp manufacturer for h h  t o  select 
from ;his line of propeller pumps the one that dl1 be the most efficient 
for the job, These data should include the folloxhg: 

Capacityafpump.. e m  . r , I * r 4.-Z*P*Q* 
Discharge conditions: (show by sketch) 

(a) discharge above water level  
(b) discharge suberged 
(c) siphon. 
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................ static lift feet  
Strainer : Yes , , , , No- 
Length of discharge pipe ......... feat 
Number of bends or curves . . . . . , 
Types of power: e lectric  - voltage phase 

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

shaft motor 
vertical - pulley V - b l t  

General, 
A pump operates most satisfactorily under a head and at  a smed 
approxim&ely that for which it I& designed* The opera t ie  
conditions should therefam be determined as accwately ae 
possible. A cotPmon mistake is overstating the head conditions. 
The correct practice is to give the head as closely as possible 
t o  the actual figme* If there is a variation 3.n head, both 
maximum and mhhm heads should ba determined and furnished 
to the manufacturer for the selection of the most satisfactory 
Pump. 

Beterr&ina* Head f ~r Centrifuaal Furam. 
In de temhing  head for centrFfu@ pumps, it is neceaesnry Lo 
d c u l a t a  the total, dymmic head (t . d.  h. ) considering both the 
suction and discharge sides of the pump. Therefore, the t o t a l  
dynamic head is equal t o  the total dynamic suction lift plus the 
t o t a l  dynamic discharge head less suction velocity head, 

Computing t o t a l  dynamic suction 3 Ift, Suction lift; is composed 
of the f o u o w h g  factors (see f ig .  8-19 1: 

1, Sta t i c  suction haad (actual vertical distance of center of 
pump above lowest water surface after pumping begins). 

I 

2, f i l c t i o n  head in pipelines. 

3* Head losses in elbows, strainers, foot valves, and other 
accessories 

4, Velocity head, 

Ahspher i c  pressure determines the maximmu p a c t i c a l  auction 
1 .  Atmospheric pressure not only varies with altitude and 
temperature, but a lso  varies with weather conditions. As the 
pressure on the water at sea level i s  one atmosphere o r  34 feet, 
the  highest theoretical suction lift at sea level is 34 feet 
less friction losses, This  m a x i m u m  theoret ical  suction lift 
cannot be obtained under actual conditione. hmp manufactmars 
usually recommend that the design suction Lift be limited to  
70 percent of its theoretical value, 



S p r t n k l e r  Ib ts ro l :  P m  = SO p. s. I 

Suc t i on  p t b s  D ~ r c h o r q e  = F O O  p. p. m. 

L o w - w a t e r  l e v e l  in s t r e e m  o r  A l t l l u d e  : 1000' 
r e s e r v o t r  o r  elevcttlori o f  Mox t rnu rn  w o t e r  temperutura : 80" 
rnoxtrnurn d rnwdown w h e n  pumping A l l  pipe i s  14 g a g e  s t e a l  

ratner ond f o o t  v o l v e  w l t h  s t e e l  f l f t t n g s .  

Problem: Check to to l  dynamic s u c t ~ o n  l i f t  and to to l  dynomic head. 
Compute toto l  dynom~c  suctlon I l f t  - 

I .  Static suctlon l i f t .  - - - - - A L L L , , , - - ~ ~ - L - - - d - - + L + - - - L L - - - -  13.00 
2. F r~c t ron  head i h  p ipe l i nes  : Suct ion pipe = ( 2 5 '  4- 10') 35' 

35'  o f  5 "  p ipe  a t  5 0 0  g.p.m.  = 35' X0.0593 F + / ~ t  . - - -_----_--+--  2.08 
3- Fr ic t lon  head  i n  f l t t l n g s :  

5 Inch 4 5 "  long rad ius  bend I h f  = K x Vz. 0.18 X O 9 9  I - - -  -_,-,,-, .I 8 
2 g 

Foot valve ( h f  = K x  V= 0-880.99 1 _-d--,--L-,--,-,L--L-L--u-,. 79 
2 9 

Strainer I h f  = K X  = 0.95X0.99) -------,,-,--_------_+-. 9 4  
2 9 

2 V e l o c i t y  heod  (V)  -------- ------- -------L--------ua7 9 9  
2 9 

T o t a l  S u c t i o n  L i f t  .,L--L---,-.-7, 17.98 

Note: Reference to table 8-1, poge 8-37,  shows the rnoxlmum design s t o t ~ c  siphon 
l i f t  at a l t i t u d e  of 1000 feet  w i t h  w o t e r  temperature o f  80°F. is  22'  
System as designed is within limit of  practical s u c j ~ o n  l i f t .  
Compute total d y n a m i c  d i scha rge  h e a d  Feet - 

I, S ta t i c  d i s c h o r g l l  h e o d  ---------,,---- - --,,-,---------_- 30.00 
2. f r i c t i o n  heod i n  p ipe l i nes !  400' of 6" pipe a t  500 g. p.m. = 400 X .O236-_-9.44 

300' of 5"pipe a t  5 0 0  g.p. m. = 300 X .0593 ---- 17.79 
3. F r ~ c t i o n  heod in f ~ t t i n g s :  

2 One 5 to  6" inc,eoser ( h f  = C1-~'/36] X c= 0 , O g x  0.99) .--_ - 0 9  
29 

one 6" standard 90" elbow ( h f =  K x  0.28 X 0.48 1 --,-L-,--,-L-, 13 
2 9  

01 '1e6"  G o t e  volve,open ( h f =  K X  C=O.IIX 0.481 --,_,-,,"- -.a5 
29 

~ i v e 6 "  t a k e o f f  valves ( same as g a t e  volve opetv0.11 X . 4 8  X 5 ) _ , - - - . 2 5  
F o u r 5 "  t a k e o f f  valves [ some a s  g a t e  v o l v e  open=O.l3 X . 9 9  X 4)--- - -  . 5  1 
One toke o f f  vo l ve  ond valve opening e lbow,  o p e r a t i n g ( h f = ~ x E , 1 2 X . 9 9 ) - , I  1.78 

29 
25 O n e 6 t o 5 "  r e d u c e t ( h f e 0 . 7 F -  / 3 ~ ] ~ ~ ~ ~ 0 . 7 ~ 0 . 9 3 ~ 0 . 9 9 )  - ,64 

2 9  
4. Velocity heod a t  end o f  discharge pipe (5 " pipe o t  500 g.p.m.) - - - - -_-_-  .99 
5. Pressure requ l red  to  opera te  l a t e r o l  ( 5 0  p . s , i .  X 2 . 3 I q  .---7------ 115.50 

Total d i s c h a r g e  h e o d  --_-,-- 187.97 

T" D. H: T o t a l  d y n o m i c  s u c t ~ o n  l i f t  + t o t a l  dynamic  d i a c h o t g e  h e a d  
- suc t i on  ve loc i ty  h e o d  

T*D.H. = 1 7 . 9 8 + 1 8 7 . 9 7 - 0 . 9 9  = 204.96'  

figure 8-19,--lbmple of determining head f a r  centrifugal pumps. 



The computed dynamic suction lift must not be mare than the lamimum 
design static siphon lift. If a suction lm is greater than the 
maximum design static siphon lift, the system wil.1 laot operate 
properly under designed conditions. In other words, the discharge 
w i l l  drop below the required amount t o  a point where f r i c t ion  and 
velocity head are sufficiently decreased. When this condition 
exists, the static lift should ba deweased or a larger suctim 
pipe used t o  decrease the friction loss, 

Table &l gives the maximum design static siphon 1st based on 
altitude and water temper a h r e  : 

Table 8-1.- Maximum deaign static ~liphon l i f t  in feet 

-- --YI*-*-C- *-Au- 

Alti- 1 Temperature 

Computing t o t a l  dynamic discharge head*--All losses on the discharge 
side of the pump m u s t  be accurately computed* The t o t a l  dynamic 
discharge head is composed of the following factors (see fig. 8-19] : 

1, S t a t i c  dischwge head which is the a c t m l  vertical distance 
measured from the centerlbe of the pump to the centerline of 
the pipe at the discharge end, or t o  the surface of the water 
at the discharge poo1,whichever is greater. 

2 F'riction head in the p i p l h e *  (For sprinkler systems, the 
laterals are not included -- only the main and supply l ine*) 

3, Fl-iction head developed in the elbow, reducers, valves, and 
other  accessories, 

4* Velocity head a t  end of discbarge pipe, 



Pressure required at end of line. For sprinkler system, this is 
the presaure reqdred to  operate the lateral. When the system is 
designed to discha~ge freely into a ditch or reservoir, no additional 
pressure is required, 

Determining Haad for Daap-Wall Turbine Pumps. - 
The total dynaPlie head for deepwell turbine pump differs  somewhat 
from c&&ifugal pumps in that suction lift is not involved because 
the impellers o f  the pump are submerged. Losses in the pump and 
pump column are irtcluded in the pump efficiency and should not be 
included when figuring the tota l  dfmamic head, Therefore, the to ta l  
dynamic head is composed of the following factors (fig. 8-20): 

1, Static  head which i a  the  actual vmtf cal distance h feet 
masured from-the water l eve l  in the well when pumpihg the 
required discharge t o  the centerline of the pipe at  the discharge 
end. 

2, Friction head in the discharge pipeline* 

3. Head lossea i n  elbows, reducera, valves, and other accessories, 

A. Velocity head at the end of the discharge pipe, 

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

DeterWi&g Head f a r  Prowller Pump@, 
The tota l  dynamic head for propeller pumps is  similar to that for 
deepwell turbine pumps and i a  composed of the following factors 
(fig, &21) : 

1. Static head which is the actrial vertical distance measured 
from the low-water level i n  the pump bay to, aa shown in figure 
&21, (a) centerline of pipe at the discharge end when the water 
l eve l  i a  below the pipe at  the discharge and; (b) to  the water 
surface at the discharge end when the pipe is submerged; (c)  
t o  water level in discharge bay when installation is made t o  
take advantage of siphoning, 

In the case of a siphon installation at the s t a r t  of pumping, 
it is necerrsary to  raise the water to the highest point in the 
line t o  f i l l  the discharge pips. The siphoning action w i l l  then 
eltart and as soon as this occurs, some reduction in head will 
take effect, No additional power vill be required; however, 
capacity will be reduced until siphoning star ts .  The l i m i t  to 
practlcdl siphon lift depends upon altitude above sea level, 
w a t e ~ * o W ~  presmre at wa.t;er temperature, velocity head at 
high point i n  the siphon, and head loss in the siphon p ip iwr  



A l l  p i pe  a n d  f i t t i n g s  o re  12 gage f langed s tee l  
Pump b ischarge= 1000 g.p.rn+ 

T. 0. H, = Pumping head t s ta t i c  d ischarge head 

t f r i c t i o n  heod  in  d i s t h o r g e  l ine + 
a f r i c t ~ o n  head  ~n elbows, valves, etc. + 

v e l o c ~ t y  h e o d  o t  end o f  d i scharge  pipe 
+ pressure  head. 



8-A0 
(0, )  WATER LEVEL BELOW PlPE Af D ISCHARGE E N D  

T o t a l  s t a t i c  h e a d  

8" A x i a l  - Flow - single  s t a g e  p u m p  

(b.) WATER LEVEL  A B O V E  P I P E  AT D I S C H A R G E  E N D  

-- 

T o t a l  s t a t i c  h e a d  

(c.) D I S C H A R G E  END OF P l P E  SUBMERGED FOR SIPHON ACT ION 

'roblem: Determine total dynamic head fo r  (a,) above for  o capaci  
of 1200 g.p.m. 

Solution: - Feet 
I. T o t a l  static heod (pumping level to (L discharge pipe),,,-,- 14.00 
2. Frict ion head in addi t ional  6' of pump column: 

8" p ipe at 1200 g .p .  m. = 6' X .0307 _---d-hd-,-++- .I8 
3. Friction head in discharge line: 10" at  1200  g. p. m.=18'~.OI--- , 18 
4. Friction head in  f i t t ings: (no strainer-screen on pump bay)_+ ,00 
5. Velocity head at  end of discharge for l ~ ' ' p l p e ( = ) =  

2 9  
-34 

f oto l  T. D. H .-,- 14.70 



a 2, Head losses in pump column pipe, pump dischmge elbow and suction 
bowl - these losses w e  generally include8 when the pump efficiency 
i s  determined, 

Some companies base the* efficiency on a stmdwci length of pmp 
column, If a longer length than the standard is used, the friction 
loss for this additioml length m u s t  be added in determinhg the 
total dynamic head. 

3, Fcriction heac! in the discharge p i p e l h e .  

4. Head losses t hough  flap valves a n d  straber, 

5.  Velocity head at the end o f  the discharge pipe, 

The velocity head and f r ic t ion losses can be reduced by edarghg t he  
discharge pipe* Generally, a smoth iron discherge p i p  should be 2 
to 4 inches larger than the pump elbow, Corrugated pips will rewire 
a correspondingly 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, 

riew!?L* 
e The efficiency of a drive mechanism may greatly affect the opcrratine; 

costs of a pumping installation. b u r  common types 8f drives are 
uaually wed in i r r iga t ion  pumping: d im&,  bit, 90 gear head, and 
power takeoff. 

QAx&dm&* 
The direct wive is the most efficient as there is no loss of power 
as with other drives. It is limited to those conditions where the 
speed of the driver is the same aa that for the pump, For horizontal 
centrifugal p u p s ,  the drive may be tk-ough a flexible coupling (f&. 
&I), or it may be close coupled (fig. 8-22). 

When a flexible couplhg is wed, the mtor mey be removed for anothe~ 
use or for servicing without discomecthg the Wap-piphg arrqe- 
ment, With a close-coupled pump assembly, the pump and its prbe mover 
are always in mechanical alinement with the result that  possible power 
losses and mechanical difficulties occasiond by misalhemants are 
avoided. 

For deepwel l  turbine pumps using an electric motor, the direct drive 
(flg. k 2 2 )  is the cheapest and mast efficient type of drive* Hawsver, 
since electric motors operate at a conatant speed, the discharge of the 
pump caanot be varied; thus, extreme care must be exercised in selecting 
the size of the pump, Direct drives may also be us& with vertical& 
mounted internal combustion engines, 
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Belt Wive* 
Belt drives are either flat-belt o? V-bdL, 

The flat-belt is the least efficient of all the t p s  of M v e s  
(fig. &23), Its efficiency varies considerably, usually from 
&O to 40 percent, depending upon slippage, type of p u e y  and bit, 
pulley size, number of idlers, and the t w i ~ l t  wed. 

S l i p m e  usually accounts for the mst loss of efficiency. S l i p  
page may be caused by the belt being too loose, too stiff, o r  too 
narrow, Slippage is  also caused by small pulleys, pulley centers 
too close together pull* from the top instead of the bottom, o r  
by placing the be l t  a t  too steep a vertical angle, Quarter turns, 
half turns, and i d l e r  pulleys k r i l l  add t o  the he f f i c i ency  of flat- 
belt drives, The re la t ion  of pulley s i z e  t o  b e l t  thickness and 
horsepower capacity is  important, When heavy belts are turned about 
a small-diameter pulley, the outer fibers are great ly  overstreaaed 
and the  belt l i f e  is  materially shortened, Power ratings are baaed 
on tensions when large pulleys are used and are reduced for s ~ n  
pulleys t o  compensate for Zncreashg flex=. Refer to figure B-Zk 
for determining size and speed of p d e y s ,  

A belt-driven irmtallation requires considerable attention because 
the variation of temperature and W d l t y  between mrning and mid- ". 
day or day 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 t ight  b e l t  w i l l  cause it to slip 
off the pulley. The flat-belt is generally employed to make w e  
of a source of power that  5s already available on the farm, Farm 
t ractors are quite often used as a source of puet  wing a flat- 
belt drive, Stationary and internal combustion motors, either gas 
or 'liesel, and horizontal e l e c t r i c  ,motors are also usedo 

The V-belt drive is more dependable and has a higher efficiency 
than f la t -be l t  drives, When properly installed, it should have 
an efficiency of from 90 to 95 percent. The  V - b e l t  drive w i l l  
operate successfully when pulley centers are much closer together 
than' are permissible with flat-belts. Therefore, t h y  can be 
ut i l i zed  successfully i n  confined spaces. Spec id  grooved pulleys 
are required for V-belt drives. It is inportant t o  use the proper 
bit and pulley size, For this reason it is bast t o  have the V- 
blt manufacturer make the design fo r  each particular i n s t a a t i o n *  
A large number of belts on a quarter-turn drive is  undesirable 
because the distance between pulley center changes, and it is not 
possible for a11 belts to have the same tension. This condition 
is one of the reasons why very short pulley center8 are not per- 
lnissible on quarter-turn drives, V*belt b s t a l l a t i a n s  cost slightly 
more than flat-belts; however, they are less expensive than a right- 
angle gear drive (figs. 8-24 ~ l n d  8-25), 

0 90 Gem He&&* 
The right-angle gear drive is the most dependable and efficient 
metbod of transmitting the  power of a combustion engine to ti. turbine 





dr iven. 

I f  t he  number  o f  tee th  i n  g e o r s  o r  sp rocke t  w h e e l s  i s  u s e d  

i n s t e a d  o f  d i o m e t e r  i n  t h e s e  c o l c u l o t i o n s ,  n u m b e r  o f  t e e t h  
mus t  b e  s u b s t i t u t e d  whenever d i a m e t e r s  o c c u r .  

I. T o d e t e r m i n e ,  t h e  d i a m e t e r  o f  t h e  dr iver  

a n d  i t s  r evo lu t i ons ,  a n d  a l s o  r e v o l u t i o n s  o f  d r i v e r  b e i n g  given. 
Diameter  o f  d r i ve r  (O)= diameter of driven (d) X revolut ions of driven (R.RM3 

Revolut ions of  driver (R. I? M.) 

2. To determine d iamete r  of  driven, the revolut ions of the driven a n d  
d iameter  and  revo lu t ions o f  d r i ve r  b e i n g  given. 

Diameter of driven (d)= diameter o f ,  driver (D) X revolut ions of driver (R. P. M.) 
Revoluttons of  dr iven (R.f? M.) 

3. To determine t h e  revolut ions of dr iver,  the d iometer  and revolutions 
o f  driven, a n d  d iamete r  of dr iver  being given. 

Revolutions of  driver (R. P. M.) = diameter of driven (d) X revolutions of driven (R.I?M) 
Diameter of driver (Dl 

4. To,  determine the revolutibns of  tha driven, the diameter and revolutions 
of dr iver  and diometer of driven be ing given. 
Revolutions of driven (R.FM.)= diameter of driver (b)X .revolutions of diiver (R,P+M.) 

Drometer of driven (dl 

Rgure 8-24.-+Rules for determining size and speed of pulleys, sheaves, 
gears, or sprocket wheels. 
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V - B E L T  

C E N T R I F U G A L  P U M P  

W I T H  V - B E L T  D R I V E  

T U R B I N E  P U M P  

W I T H  V - B E L T  H E A D  

8-25.--Examples of V - b e l t  drives, 
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pmp, The efficiency of this type of installation is 95 perbent o r  
more* These units are made t o  fit any standard p u p  md are made 
with a variety of gear ratios to p m i L  the pump and exgine to operate 
at their most efficient spqads. The original cost  of right-angle 
gear drives slightly exceeds t he  cost of the V-belt o r  f la t -bel t  
instaUation. For steady pumping and dependability, the right-angle 
gear drive is  preferred. It not only i s  more efficient but also i s  
not affected by weather and temperature conditions, 

The head containing the gears replaces the ordinary pulley head, 
and the drive shaft m y  be directly connected t o  arr engine o r  motor, 
The drive shaft should always c o n t a h  a flexible or  universal j o i n t p  
The universal j o b t  w i l l  take care of any errors o r  changes i.n aline- 
ment of pump and engine, The distance between the p u p  and engine 
should not bb less than 3 f e a t  because small errors o r  changes i n  
alinament w i l l  not materially a f fec t  the slxloothness m d  efficiency 
of power transmission (fig. 8-26).  

Power TakeoPf. 
The use of a farm-typc3 t ~ a c t o r  wi th  power t&eoff is rapidly increas- 
ing as a means of power, particularly for small centrifugal  pump^. 
The standmd power-takeoff speed is 540 pills or minus 10 r* PI a. 
Irr igat ion pumps commonly operate at t h e e  to f o u r  t imes this speed, 
makhg it necessary t o  use some type o f  speed increaser between the 
t ractor  power-takeoff shaft and the pump--impeller shft,  'The pmp * and speed increasgs are commonly rmunted ei ther  on a two-wheel 
t r a i l e r  unit hitched to the tractor drawbar o r  directly on the txactor, 
The desired increase in speed is usually obtained t h r o ~ g h  the W e  of 
spur gears, beveled geara, or V-beltsc With spur gear s p e d  hcreasers, 
the propeller shaft of the punp should be appxmiraately parallel t o  
the power4akeoff shaft  with spur gears providing the desired increase 
in r. p, m, In the beveled gear type, the pwnp-impeller shaft is 
approximately st right angle t o  the power-takeoff sdWt with beveled 
gears providing the change of direction and increase of rs p. n, 
The t h i r d  type employs V-be1tt;s and sheaves alone, or  i n  combinati.on 
wlth gears t o  obtain the reqtrked pmp speeds (fig. 8-27). 

Reasonable care should be exercised t o  be sure that the power-trikeoff 
shaft is properly allned, The universal joint-yokes on the tele- 
scoping portion of the power-takeoff shaft should be in the same 
plane, This is  necessary t o  eliminate as nearly a s  possible the  
variable speeds of ro ta t ion  and the resulting vibration, shock, 
and universal j o i n t  wear ( f i g  , 8-28) , 

C avit at ion 

Cavitation is a term used to describe a rather complex phenomenon 
that may exist in a pumping ins'tallation. In a centrifugal pump 
t h i s  may be explained as follows:1/When a liquid flows through the 
suctZon l ine  and eaters the  eye of the pump impeller, aa increase 
in velocity takes place. This increase in velocity is, of course, 
accompanied by a reduction i n  presswe, If the pressure falls 
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V - B E L T  F L A T  BELT 

T U R B I N E  T Y P E  I R 2 1 G A T I O N  P U M P  W l T H  G E A R  H E A D  
C O N N E C T E D  T O  A P O W E R  U N I T  W I T H  A S H A F T  A N D  T U R B I N E  P U M P  G E A R  H E A D  W I T H  E L T H E R  V - B E L T  
D O U B L E  U N I V E R S A L  J O I N T  O R  F L A T - B E L T  D R I V E  P U L L E Y  

Flgure 8-26. -Ekamples of right-angle gear head drives, 

D R A W B A R  M O U N T E D  P T O D R I V E N  PUMP T R A I L E R  M O U N T E D  P T  0 DRIVEN P U M P  T R A I L E R  M O U N T E D  P  T 0 D R I V E N  P U M P  

W l T H  B E V E L  G E A R  T Y P E  S P E E D  I N C R E A S E R  W I T H  S P U R  GEAR T Y P E  S P E E D  I N C R E A S E R  W I T H  B E V E L  G E A R  T Y P E  S P E E D  I N C R E A S E R  

figure 8-27.---lee of power-takeoff drives. 
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below the vapor pressure correspondhg to the temperatme of the liquid, 
the liquid will vaporize and the flowing stream will consist of liquid 
plus pockets of vapor, Flowing furtherptkough the impeller, the l i q u i d  
reaches a region of higher pressure and the cavi t ies  of vapor collapse, 
It is this collapse of vapor pocketa that causes the noise  incident t o  
cavitation, 

Cavitation need not be a problem in a pump ins ta l la t ion  if the pump is 
psoperly designed and installed, and operated in accordance with tho 
designer's recommendations. Also, cavitation is not necessarily destructive. 
Cavitation varies from very mild to very severe, A pump can operate rather 
noiselsssly ye t  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 pmp, 

Any pump can be made t o  cavitate, so care should be taken in  selecting 
the  pump and pluming the instal lat ion,  For centrifugal pump, avoid 
as much as possible the following conditions: 

I. Heads much lower than head a t  peak efficiency of pump. 

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

3* Suction lift higher or  positive head lo we^ tbian Lhctt 
recommended by manufacturer, 

4 Liquid temperatures higher than that for which the system 
w8s originally designed. 

5, Speeds higher than maxzufactwer s reco~mendation, 

The explanation of cavitation in centrifugal pwaps cannot be used when 
dealin& with propeller pumps, The water enter- a propeller pwip h 
s large bell-molrth in le t  w i l l  be guided t o  the swCLLest section, called 
throat, irmnzdiately ahead of the propeller. The velocity there shouLd 
not be excessive and should provide a sufficiently large capacity t o  
f i l l  properly the ports Zwtween the popell.er blades, A s  the propeller 
bhdes  are widely spaced, not; much guidance can be given t o  the stream 
of water. dhen the heari is increased beyond a s d e  E m i t ,  the capacity 
is reduced t o  a quantity Fnaufficient t o  fi31 up the space between the 
pmpeller vanes, The stream of water w i l l  separate from the propeller 
vanes, creating a smaU space where pressure is close t o  a perfect 
vacuum. In a fraction of a second, this small vacuum space will be 
smashed by t i e  liquid hitting the smooth surface of the: propeuer 
v a e  with an enormous force which starts the process of surface p i t t i ng  
of the vane, At the same time one wil l  bear s, sound like rocks thrown 
around in a barrel or a mountain stream t u a l b g  boulders r 

The f lvs rules applying to centrifugal prrmpa will be changed to s u k  
propeller pumps in the  following way. Avoid as much as poasible: 



5 ,  Heads much higher than at peak efficiency of pimp, 

2. Capacity much lower than capacity at peak efficiency o f  pump. 

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

4, Liquid temperatures higher than that for which the system was 
original ly  designed. 

5.  Speeds higher than mufacturerfs recommehdatian, 

Cavitation l a  not confbed to pumping equipment alone. It also 
occurs in piping systems md is commonly known as water h m e r .  

Water hammer o r  hydradie  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 
i n t o  a dynamic preaaure wave which may prs6uce terrific :inpact 
in rebounding back and f o r t h  in the mln. Far t h i s  reason, check 
valves or smge pipes should be installed to protect the pump and 
prevent rupture of the pipe when the direction of t he  f low is re- 
versed. 

T&ter hslmner mmetimes reaches destrtwt ive rnqnitudas, sspecid+ly 
Co law pipes. It has been found to occurl/: 

I 1 In s t a r t i n g  or stopphg a pump, or in an abrupt charge in 
t h e  pump's speed, 

2. In the  case of a power failure, 

3, h the  rapid clcrsing of a vdve in the pipinl: s g s t a .  

Des-trmctive water* hammer must be eliminated; 

1, To reduce stress on the pipes and fixbures ~ n d  thus minimize 
costly repairs, leaks, and delays, 

2. To prevent reversal of pump, which m y  be dangerow to the 
motor or engine, o r  which mny resvlt in an unnecessary .lass 
of liquid* 

Boostor E"umps 

A saving in operating eusts c m  sometimes b made in sprinkler 
i r r i g a t i o n  by US* a boaster pump to ptovi.de adeqmte pressure 
for a d 1  areas that lie at elevations considerably ~ b v e  the 
principal area to be irrigated. The use of the booster pump 
for  these small areas w i l l  permit the  design of the main p r t  
of the irrigation system to carry lower pressures thm that 
required for the small higher areas. 

u s e s  footnote 1, p. 8-47. 



The characteristics of the horizontal. centrif~qgal pump are such tha t  
it c8.n be used as a booster, ']hen the centrifugal pump is operated 
with a positive pressure head applied to  its suction, it w i l l  ut i l i ze  
this pressure. Far example, if a pump capab1.e of delivering 150-foot 
head and the water reaches the pump under a posi t ive  head or preasure 
of 70 fcet ,  the pressure or head developed at the discharge will be 
(150 * 70) 220 feet, Therefore, t w o  or more pmps of similar capacity 
cam be operated, one discharging into the other t o  develop a total  
head which i s  the sum of the head devalopd by the individual pumpsb 

General. + 

Moat irxig&ion pumps are powered by ei ther electric motors or in- 
ternal comtwtion enghes, The Bource of power that is best suited 
for a specific installation depends on certain physical and environ- 
mental factors, The power-unit selection should be made only after 
considerbg the following: 

The amount of brake horsepower required for p m p h g *  

Hours of operation per season, 

Availability and cost of energy or fuel, (In case of d e c t r i c i t y ,  
availability of single-phase or thee-phaae power may influence 
selection. ) 

Depreciation, 

Portability desired i n  pumping setup. 

Poesibil ity of wing Lhe power uni t  for ather jobs during the 
nonirr igat ing season. 

Labor problems and need fop convenience of opemkion, 

8. Coldweather operation. 

9. Orighle l  investment for power units. 

It is highly h p o r t a n t  t o  match the engine horsepower t o  the require- 
ments of the pump* Efficiency is sacrificed with both e l e c t r i c  and 
internal combustion engines if the power plant is designed t o  deliver 
a great excess of power above the actual needs, Previously used power 
units should be carefully checked and evaluated as t o  condition, 
available horsepower, and speed. The efficiency of a unit in onLy fa i r  
mechanical condition m y  not exceed 50 per cent, The use of an old, 
misf it power unit can be more costly from an operating standpoint ihan 
the most expensive uni t  fitted for t he  job, 

Flec t r i c  btm, 
An e lectr ic  motor, properly selectgd and protected, can be e w c t e d  
to supply many years of trouble-free power if protections are provided 
including dry mounthga, rodent pptection, good ventilation, adequate 



shelter fiom the elements, and safety devices against overloading, 
undervoltage, or  excessive heating* Advantages of the e l e c t r i c  p o w  
are re la t ive ly  long l i f e  of the  motor, low mafntenance costs, depend- 
abi l i ty ,  and ease of opepation, An e l e c t r i c  motor also will deliver 
f u l l  power throughout its life aad can be operated from no load t o  
f u l l  load without damage, 

Some of the  disadvmtages of e l e c t r i c  power are the limited size 
motors which can be used when only sbgle-phase current is available, 
power interruptions, and the neceseity of constructing an electric 
supply line t o  a l l  pumping locations. In some areas, phase converters 
are wed t a  prbially overcome the disadvantage of single-phase current. 

The best type of e l e c t r i c  motor far i r r iga t ion  pumping i s  the &-cycle, 
220-&O-volt, 3-phase, squirrel- cage induction mot or, The common 
speeds are 860, 1,160, and 1,760 r* pb m., with the 1,760 speed being 

i mast commonly used, Single-phase motors m e  usually limited t o  loads 
up to 7-1/2 horsepower and, therefore, can be used only on very small 
pumping jobs, Standard mtar sizes are 5 ,  ?-L/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 q w d  of the pump 
must be changed either by the use of a b e l t  &fve and changing 
diametern, o r  by a gear drive with a selection of gear  r a t i o s  for  
changing speeds, When the pump and motor are d i r ec t ly  connected, a 
pump must be selected that w i l l  operate acceptably at  the motor speed, 
When it is necessary t o  lower %he rate of punping below tha t  of the 
deaign ratsJ the speed of the pump muat be reduced or the head 
increased by using a valve in t h e  discharge l ine.  Oa direct-connected 
units, valves must be used f o r  this purpose, Direct connection be- 
tween electric motor and pump should be used whenever possible because 
this type of connection elimihatea drive loss  and the added expense 
of the pump head* 

Vertical, hollow-ahaft motors are  available  fa^ deepwell turbine 
pumps, These motors are equipped with a t o p  cap t o  f a c i l i t a t e  psopdler  
adjustments* Two types of couplings are  available for turbine pumps 
depending upon the method of lubrication* A nonrewse coupling is  
recommended when the pump has waterlubricated l ine  shaft bearFngs 
which might possibly be damaged if tb shaft wars turning when there 
was no water surrounding the  bearbga, This condition occurs when 
the  motor is stoppsd and the water i n  the w e l l  column and discharge 
line drains back through the pump propellers causing the pump to 
rotate in the reverse direction. The selfrelease coupling is used 
when backspin upon shutdown is not objectionable and is normally 
used on pumps having oil-lubricated line shaft bearings, 

The brake horsepower of electric motors is rated at lobpercent 
continuous operation; tha t  is, the  calculated brake horsepower for  
R given job is the size of motor needed, Electric motors have B 

(I) 
built-@ semice factor  of 10 t o  15 percent based upon air temperature 
at 70° F,, standard voltage, arid a free flow of air around the motor* 
The service factor allows the motor t o  operate without harm mder 



varying conditions of voltage and temperafme* Therefore, the added 
horsepower provided b;r the service factor  should not be used to arrive 
a t  a motor rating, Some of the reasons me:  

1. Sften an .rural lines the voltages of t he  three phases 
w i l l  not always be the same. A re la t ive ly  small un- 
balance in phase voltage w i l l  cause considerable increase 
i n  motor temperature rise.  A 3-l/Zpercent unbalance w i l l  
cawe about 25-percent increase in temperature rise. 

2. b y  times, particularly on rural IFnes, the  voltage w i l l  
drop below the standard. A l&percent reduction i n  voltage 
increases the t e m ~ r a t u r e  rise 16 percent. 

3, In many cases the methods wed to determine the actual 
motor loads of the  driven equipmeht are  not too accurate* 

4. Even with good ventflation, motor whdings and cooling 
ducts may become covered with dust, dirt, and grease which 
cut down the mntorrs effectiveness in dissipating i t l s  heat. 

5 .  Irr igat ion pumping is often required when temperatures are 
ahve 72' F. 

Some means must be provided for  star t ing electric motors. b t o r s  
require two t o  three times more current t o  s t a r t  than when running. 
Across-the-lhe s ta r t ing  or ful l  voltage s t a r t e r  means the switch 
i a  closed Zn one operation and one l i n e  surge i s  created. Reduced- 

@ 
voltage starting is a means of allowing the motor t o  start under 
increments of power and divides the  line surge i n t o  several surgea. 
The power supplier w i l l  advise t h e  purchaser on the type of s t a r t e r  
required as conditions and pol icies  vary between locations and 
suppliers, 

Controls should be provided t o  protect the motor from overload and 
variations occurring Fn the power source. Each f ine  of three-phase 
power should have an automatic motor protection b u i l t  into the motor 
control, Protective devices mmmt be sized t o  the motor and load and 
shielded from high temperatures or sun, Sprinkler systems powered 
by electric motors should be equipped with a main-lbe f low control 
valve. This permits controlling line premxres and prevents over- 
loading sf motor during f i l l i n g  of sminkler-distribution syatems. 
Other types of controls are available f o r  e lect r ic  motors. Time clocks 
may be wed t o  turn  the pump on and off ,  Controls, such as time delay 
fuses, are available t o  turn  the pump on after a power fa i lure ,  Alarms, 
light indicators, and other devices are available t o  warn the operator 
if  the flow of water ceases, Fuses or breakers should be used t o  protect - 

the wiring and the controls, 

The pumy, and mator should be protected from the weather. This can 
be acconiplished by housing them in a small shed with doors and windows 
that ban be s p e n d  t o  provide good cross- ent ti la ti on, The opnihgs 
in the shed should be so arranged tha t  the hot  sun w i l l  not shine 



2irsct ly on the controls or motor. New style vertical motors may be 
used without housing. The w j r i n g  and controls, however, must be 
weatherproofed or  be i n  a weatherproof enclosure. The mtor i tse l f  
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 t o  keep out mice, but not r e s t r i c t  the a i r f l o w .  
Vith correct  protection and care, the e l e c t r i c  mtor requires l i t t l e  
o r  no maintenance other than the necessary o i l i ng  o r  greasing 
required by the  manufacturer. 

S-katiogarv bter lapl .  Cambuation&e:i+as. 
The two general types of in te rna l  coxbustion engines are the s p r k  
ignition, or all engines i n  which combustion takes place when the 
fuel-air & w e  is ignited by an electric spark, and the compres~ion 
ign i t ion  engine be t t e r  known as a Diesel. The spark-ignition engine 
may be either liquid-cooled or air-cooledr The air-cooled engine 
is becoming quite popular for direct-connected centrifugal irrigation 
pumps 3~ s izes  of 25 or  lower continuous ~ o T s ~ ~ o w ~ ; ~ .  The liquid- 
cooled enghe is manufactured i n  all sizes, It has the  advantage 
of automaticaUy varying t h e  mmmt of cooling to cover all possible 
combinations of loads and speed without aver ar undercooling t h e  
engine. The  Diesel engine f a  much more cos t ly  than the spark- 
ignited type, However, fuel costs  are much lower. The Diesel 
engine is seldom used when the burs of operation per season are 
under 800, 

Mmttfactwers have d ~ e l o p e d  performance curves f o r  each of t h e i r  
engines. These c m e s  show horsepower rating at various speeds 
and are used as a basis f o r  enghe selection, 'hen the engine 
manufacturer conducts t e s t s  t o  determine the horsepower rating of  
an engine, a procedure standardized by the S, A, E. is used s o  that 
t h e  horsepower curve of  the various sfzos and makes of engines may 
b6 compared. The t e s t  is run under laboratory conditions with a 
stpipped engine, and the power delivered a t  the  flywheel i s  deter- 
mined by means of a pony brake or dynamometer. In stripping the 
engine f o r  the t e s t ,  accessories and equipment, such as cooling. f ~ s ,  
generators, air cleaners and mufflers, are removed, The engine is 
then booked up t o  the dynamometer and run under I d e a l  conditions with 
the dynamometer recording the horsepower output at various operating 
speeds. The horsepower, as determined by the dynamometer f o r  various 
operating speeds, is  then p lo t t ed  in the form of a curve which the  
manufacturer may label either "brake horsepower I' o r  "dynamometer 
horsepower" (fig. %a). 
Since the horsepower output as determined by the manUracturerl~ 
t e s t  is f o r  laboratory conditions with a stripped engine, t h i s  curve 
does not represent the horsepower olxtput of that engine with power- 
consuming accessories such as fans, generators, water pumps, etc, 
These accessories may consume as much as 10 percent of the horsepower 
output of the sngine* The dynamometar horsepower curve musk be cor- 
rected t o  reflect t h e  power loss cawed by tb use of accessories, 
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Because of the characteristics of the internal cornbugtion engine, it 
is necessary Lo further correct the horsepower curve t o  mmpensate 
for continuous loading which i a  ~equired i n  irrigation pmping, 
The effect  of continuom loading w i l l  decrease the brake horsepowP 
another 15 t o  20 percent. In other words* the coa~inuous brake horse- 
power output with all accessories w i l l  be 70 to 80 percent of the 
dynamometer horsepower as determihed by laboratory test .  Because 
altitude and air temperature af f e ctohorsepower output and labratory 
testa are based on sea level  and 60 temperature, it will generally 
be necessary to make corrections for most irrigation pumping installa- 
tions, General rules for correcting for elevation and temperature 
are : 

1, Reduce continuous load rating 3 percent for every 
1,000 feet above sea level, 

2, Reduce continwus load rating 1 percant for every 
10' F, above 40° I?. 

Some manufacturers publish both the dmamorneter cmve and the con- 
tinuous brake horsepower curve i n  the& literature. However, when 
there is only  one curve shown, that c m e  w i l l  generdly be the 
horsepower determined by a dynamometer under laboratory conditions, 

The University of Nebraska Tractor Testing Department bulletins 
are another source of reliable informtion on power output and 
fuel consumption for a number of gasoline m d  Diesel engines. 

The best operating load f a r  a internal combustion engine is at or 
near the  continuous brake horsepower curve, Running an engine under 
lighter loads usually results in poor fuel economy for the water 
delivered, since. t o o  much horsepower i.s used in overcoming engine 
frict ion and throttl.ing losses, Runhing at wide~open throttle 
invite8 engine trouble as well as excessive fuel consumption. 
The main object i n  irrigation pumping is to pump as much water as 
possible for the fuel used, a d  operating the engine near its highest 
possible load on an economy fuel mixture is the best way to accomplish 
t h i s  

Irrigation pumping plants operate long periods without supervisiotl, 
Therefore, safety controls should al.ways be instal led t a  protect tke 
engine and pump. The power unit should have oil pressure and wter 
temperature igri i t ion cutoff switches which automatically shut the 
engine off  if the o i l  pressure drops or the coolant temperature 
becomes excessive. A pump water preaaure switch should also  be wed 
to protect against loss of prime or a drop i n  the discharge pressure 
head. Many manufacturers use velocity or mechanical governors to 
prevent overspeeding the units since the engine usually has more 
horsepower than the pump requires at greatest speed* Simple and 
inexpensive cWerspeed cutout switches have &come available, and 
they replace aome governors, The overspeed cutout does not absorb 



any m o a m b l e  power, thus offering a hu*ther advantage over governors, 

Liquid-cooled anginas can be cooled by either a radiator or a heat 
exchanger, U a d l y  the radiator is more expmsive than the heat 
exchanger, aad it also p ~ ~ z e s  the engine output because a fan ~ E I  

required. Replacing the radiator with a heat exchanger w i l l  give up 
t o  8 percent mora usable horeep~wer~ Figure 8-14 showa an example 
of a heat exchanger and how it i s  attached t o  the pump diwcharga pipe 
and engine. The capacity of the heat exchanger must be sized t o  the 
engine for  satisfactory results, There ahould 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 
r e d t  In excessive sludge formation and subsequent wear. If there 
i s  a thermostat, the waterflow through the block w i l l  be restrtctsd 
and hot  spots may develop, The manufacturer~s recommendation on engine 
temperature ahodd be followed religiously t o  prevent trouble from 
over or underheating. 

Gasoline and d i s t i l l a t e  are the moet commonly used fuelrr for spark- 
ignition enginea, Liquid petroleum gas (LPG) aad natural gas can 
also be tlscsd, They are easily h t 3 d  and have almoet no Lendancy 
t o  dilute the engine o i l  w i t h  the result that engine maintenance 
is reduced. 

About the only dimdmt8gcsBto LPG fuel are the Initial co#t  of 
installatinn, the frequent need f o r  facing exhaust valves and seats, 
and the poss ib i l i ty  of rase batches of cheap fuel that have t o o  high 

a 
sulphur content. A storage tank is necessary for LPG, and th i s  is 
samewhat expensive as it mst withstand high pressures and have vnr- 
ioua safety f~aturea* However, buying i n  bulk further reduces fuel 
costs greatly, Natural gas ia ~Mlar Lo LPG 5n cornburstion charac- 
teristics except i t  does not have as high an energy content. A8 a 
result, a given engine will have a lower power output when this h a 1  
i s  substituted for LPG, Natural gas does not require storage facil- 
i t i ea .  However, it must be piped t o  the pump locatiolz, In locations 
where it is readily available, it i s  lesa expensive than LPG. 

Tractor POWQT. 
The farm t ractor  is probably the least desirable type of power for 
irrigation pumping,, Often the tractor 1s needed for both punping and 
farm operatzona at the fime. IP thi# case, one or  the o&er 
has to7suffer. It is often uned on mall systems where irrigation 
i s  not needed continuously during the growing seaeon, If a farm 
t ractor  is available during the irr igat ion season, it must be one that 
is in good mechanical condition and large enough t o  operate the pump 
at the required c a p o i t y  without  mmhg a t  full  throttle. The 3-rrlgation 
pump is a constant load macbbe andl differs from the n o m l  farm t ractor  
work where t he  load is appl3.d Intermittently, The farm t m c t a r t ~  
normal day-in and day-ou$ workload is deaiddly variable, and usually 
averages far leas than the rated load* An, engine large enough for a 



tractor may not have sufficient power for pumping as hrsepawer 
rating of the t rac tor  is  based an intermittent operation, 

The power from a f a r m  tractor may be transmitted t o  the  m P  through 
either a b e l t  drive o r  a power takeoff, Tractor manufactwra 
usually recommend 85 percent of the maximum belt horsepower output 
and 75 percent of the maximum drawbar horsepower for continuous 
operation, It m u s t  also be remembered t h a t  there are add i t iona l  
losses i n  the drive which vary with the type of drive. Losaes i n  
the belt  drive were discussed in Belt Drive, 

The pwey takeoff is the type of drive most commonly used with farm 
tractor power f o r  i r r iga t ion  pumping, A s  there is some lass through 
the power-takeoff abaft with speed increases, most aubhorities f e e l  
that it is desirable to limit the power takeoff power delivered t o  
the irrigation pump t o  75 percent of the maximum belt horsepower 
output. This maxbum of 75 percent wuld apply only where the tractor 
engine i8 i n  good mechanical, condition. A lower percentage should 
be used f o r  older tractors, possibly-dropping t o  50 percent o r  I.ower 
fo r  t ractor  motors in only fair mechanical condition. 

Power Requirements 

General. 
To determine the  actual horsepower a t  t he  pwer  wit used in driving 
a pump, it is necessary t o  know the efficiency of t he  pump, the type 
of drive, type of power uni t ,  the head under which the pump operates, 
and all. losses i n  the piping system. The manufacturer w i l l  make 
guarantees on efficiencies tha t  can be obtained f o r  the pumps he 
proposes t o  furnish. These efficiencies can be checked in t he  f i e l d  
under actual working conditions by m i n g  a series of tests, 

The efficiency of a horizontal centrifugal ptmp and a vertical 
centrifugal pump mounted in a dry w e l l  Includes only the  losses 
i n  the putup proper. The efficiency of a vertical submerged centrifu- 
gal ptmp includes the losses in the pvmp plus those incurred from 
the suction to t,he end of th6  pump discharge, The efficiency of a 
deepwel l  turbine pump includes a11 losses from the intake at the 
end of the h w l s  t o  t h e  discharge outlet,  If the power unit and 
pump a r e  not direct ly  connected, there  i a  a "Arive" loss that must 
b considered. These losses  are well-enowh established t o  enable 
accurate assumptions t o  be made f o r  t he  various types  of drives that 
are in common use. (Refer to Drives). 

The useful  work done by a pump o~ the water horsepwex ( ~ . h p . )  
required i s  expressed by the formula: 

whp. = p,  p, mi x total, &-mic head (t+ d. h a )  
3,960 
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� he 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 detel.mined 
by the formulat 

s t e r  horse~ower (w.hp.) 
b ~ h p .  = pump efficiency x drlve efficiency 

pump efficiency = mtmt , V&. input b.hp, 

overall efficiency = pump eff i cbncy  x drive efficiency 

pwep Rmui3ranenls for Electric Motora, 
Electric motors are rated at 100-percent continuous operation and, 
therefore, the required brake horsepower Lo operate the pump plus 
losses in the drive is the size of eleotric motor needed. 

x t o t a l  dynamic head (t,d,h,) 
~ e q d r d  bmhpe of motor = x pump eff . x M v e  eff . 

The efficiency of &n eloctric motor muat be considered in detemhing 
power consumption, The following formulas apply: 
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Table 8-2.--Efficiencies of electric motors operating a t  full meed 

Efficiency Efficiency 
Horse- 860 1160 1760 Horse- 860 1160 1760 
0 , m .  ." 

Exanrpla 8-1: Given a L,76@r.p.m, electric motor-driven pump instal- 
lation w i t h  V-belt drive required to  deliver 650 g.p8m, 
at  145 t.d,h. Pump efficiency of 75 percent and V-belt 
drive efficiency of 90 percent, 

Find : Motor size and power consu~ption. 
650 x 145 

SoluLf on : Required b. hp. of nutar = 
3,%0 x 0.75 x 0.90 

= 35.3 

Use a 40-hp. motor, Motor efficiency will be approx- 
imately 89,5 peraent (from table 8-2). 

35.3 x 0.746 
Input = 29.4 h b  

0.895 

145 X 0*803U = 0.75 k.hb/l'OOO = 0.75 x 0.90 x 0.895 
, 

Emer R e a m  Fa~iaes, 
Internal combustion engines are rated on the bare engine aynamOmeter 
np. developed at the shaft; therefore, the efficiency of the unit 
does not enter in to  camgutatims. The rated hp. of the engine nwst 
be in excess of the required hp, to drive the pump t o  offset the 
losses due to accessories and provide for continuous operation. 

P 
G.p,rn. x t.d.h. 

JP%0 x pump eff .  x drive eff, 



"re fol.lowing example ahow the method o f  computing the brake horse- 
power required by ah internal combustion enghe  t o  opexatn an 
irr igat ion pump; also, the necessmy correct ions  for altitude, 
temperature, and continuous operation: 

Example 8-2, 

Given: Given a centrifugal pump powered by a direct drive 
gasoline engine t o  deliver 4.80 g. pa m. at a t r  d r  he 
of 180 feet, Pump efficiency - 73 percent, Drive 
efficiency = la) percent for direct drive. Heat 
exchanger used inatead of engine radia tor .  &ping 
site is 2,000 feet above sea level and the daytime 
temperature is 90' F. 

Corrections for engine losses as follows: , L ~ S B  -percent 

1, Continuous load operation 20 

2,  Accessories -- generator, air cleaner, etc .  
(heat exchanger fo r  cooling) 5 

3. Elevation -.- 2000 f e e t  8 3 percent 
per 1000 feet ~bove  
sea level 6 

0 
4. Tmmpergtature (90' - 60' = 30 x 1 paesnt  

per 10 increase) -2- 

Total deduction 34 

Size of engine reqrrirede2 19P9 b -hp*  = 45.3 b.hp. 
eQ -om34 

c - m  
General, 
The engineer my be called upon to compare costs of d i f fe ren t  
types of pumping instal la t ions,  particularly the use of different 
kinds of power uni t s*  It m y  also be necesswy t o  determine 
pumptng costa i n  figuring the economics of i r r iga t ion ,  The 
purpose here will b t o  point out a l l  fac tors  that should be 
taken into consideration i n  computing the cost of pumping the 
water at  the out le t  of the pmp. 



It is impssible to give actual coats of pumping-plant i n s t a l l a t i ons  
that w i l l  be applicable to all field conditions, Close estimates 
of equipment and construction costs may be prepwed by consultation 
with manufacturers m d  review of past installations so that t h e  actual 
pumping costs w i l l  be within the limits anticipated, 

Cost of pumping "includes a l l  fixed and operating costs. Fixed costs 
include all costs for which an initial ontlay i s  made or  a capital 
Snvestment is extended, including taxes and insurance, AnYmt1 
operat- charges ?Include d l  recurring costs, 

Fixed Casts. 

1. Interest, Calculated a t  t he  prevailing interest rate on the 
average value of the i n s t a l l a t i o n ,  

Annual interest cost = 

V a l u e  of ins ta l la t ion  x interest rate - 

2, Taxes and insurance. This item varies from one arm t o  
another, U s e  actual r a t e s  i f  available, For 
preliminary estimates, such costs are usually 
assumed t o  t o t a l  about 1. percent of the initial 
cast  of the install-atinn. 

3 Depreciation. Depreciation ghould b based on either time 
of operation or age, In areas where pumps are 
operated almost conthuously, the year around 
hours of operation should be used, Age is a 
satisfactory method fo r  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 Nebraska, can be used 
i n  figuring depreciation: 
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Table &3,-Ftmping plant depreciation Table &3,-! 

II__ 

Item . & u,wu 1iPe 
Well and caslng 20 yeare 
Plant homing 20 yems 
Pump turbine: 
Bowl (rsbout 50 percent of coat of pump unit) 16,000 hows or 8 yeme 
Column, etc, 32,000 horns or 16 years 

Pump, centrifugal 32,000 homrr or 16 years 
Power translaission t 

Gear bad  30,000 homg or 15 yema 
V-Belt 6,000 bum or 3 years 
Flat-Belt, rubber and fabric 10,000 hourar or 5 years 
Fht-Be l t ,  leathw 20,000 h u s a  or 10 years 

Electric -tor 50,000 how8 or 25 years 
Diesel engine 28,000 home o r  Ik yema 
Gasoline or d i s t i l h h  engine r . 

Air-cooled 8,000 hourlr or 4 years 
Water-cooled 18,000 houre or 9 years 

ine 2g.m- 

a* Eh&ricr P o w  conemptiori for elie&ric mtora can be 
estimated with s large degree of accuracy, The B h ~ y -  
Griddle Formula 2/ can bs used a8 a basia for debminiQg 
seaeonal u8s4 Also, etudiea of &ought-ocrmmnt~ freqwneier 
will be h e l m  in deb- the ammt of ptprping. Two 
mthods can bs unsd t o  estimate p o w  cost: 

Kw,-Ira p r  1,000 gallons pUmped 

x O r m ~ . ,  
pump eff. x drive eff, x mtor eff* 

AzlnuEll coat * 
*skul__hp.&wt  - - 

1,m 

Cont per awe-inch r kwo-&./1,000 gals. x 27,154 x cost per b - k o  

Blaney, He F,,and We D. Criddlc, * D u t ~ m h i n g  Water Requirements in brigatad 
Areas from Climatolagical rdd -tbn mta. U, S, Dspartwsnt of 
Bgricnlture, Soil Conservation S d ~ s ~  SCS-TP-96, 1950. 



(2) Baaed on coat per hour for each horn that pumping 
system operates. For peliminary estimatee, the 
cost per hour can be f i g m e d  from table &.4, The 
horsepower in the table is the required b, hi p. 
to  operate the pump and h ive  and is not necessarily 
the size of the motor provided for the job, The 
figurerr in the table me based on a motor efficiency 
of 100 percent. Correct these figures aceorcling t o  
the efficiency of the mtor selected. Table &-2 
lists approximate efficiencies of electric mtors 
b u e d  on horsepower and r. p. m. 

Example 8-3: 

Given: F'ump installation in  example k 2 .  Required b.hp, = 35.3, 
40 hopm electric motor approximately 89,5 percent 
efficient and operating 1,200 hours per year, Power 
cost at $0.03 per he-hrm 

Fiqd : Puel cost per b u r  for each hour af opratian and 
to ta l  yearly coat, 

Solution: From table $4, f i n d  coat per hour for 35 b,h.p, at 
$0.03 per kv. =: $0,78 far 100 percent ef f ic ient  motor, 
Then cost per hour for 89,5 percent efficiency = 

= $0.87. 

0 .895 

Totd yearly cost = 1,200 x 0.87 = $1,0/!, 

b, Internal combustion. ?in estimate of the rate of fuel con- 
sumption for a given engine can most accurately ba made if 
the manufacturerfa fuel-conswmption curve for that engine 
is available, When curves are not available, the following 
tabulation which is based on average mechanical and operating 
condftions can be used for  preliminary eathating purposes: 

Fuel consumed 
me of enaine ~allons/h.~ .-k* 

Gasoline (air-cooled) 
GasolFne (water-cooled) 1/8 1/10 
Propane 
High-speed Diesel 

1/7 
1/12 

Fuel consumption of the propane engine probably has 
the greatest variance bcause the  compresslon ratio 
laas a marked effect on sate of  fuel consumption, 
Engines with higher compassion ratios consume l e se  
fuel. Any engine in poor repair may exceed the rat io 
given, The loads imposed on the engine is an impor- 
tant factof in  fuel consumption. Fuel mat w i l l  go 
up if the throt t le  setting of the engine is increased 
beyond the rnanufaeturarxs mcammendation, 



(cost per ) ( ~ u e l  consumed) 
(hour of )= b.hp. x (in ga?.lons ) x cost of fuel per gal.. @ 
(operat ion) (per h.~. h m r )  

Totel annual fuel cost = Cost p r  hour x Tota l  hours oper~ted. 

Fuel consumption of natural gat3 engines Vary with the 
BaTIU* content of the gas. For estimating plrposes, 
it can be assumed that 10 cubic feet of gas are re- 
quired for  each homepower-hour of operation. 

2. Lubricating (311 and Greases* 

a. Negligible for electric-driven p l m t ~ .  

b, Internal combustion engines, 
Grease per h r b  

, Lubricatlm oil * ,  , , , , , ,  of ormrat ion 
Gasoline engine 1 gal, per 1,GCO hp.-hrs. $0.01 
Diesel 1. gal. per 1,OOC hp.-hrs. .OP 
LPG and natural gaa 0,3 gal, per 1,000 hp. -hrs, .Ol 

3. Fagine maihtenace and repairs, Repair coats are diff icvLt  
to estimate since they tend Lo increase with the age of the 
equipment, The amount of repairs are l a rge ly  affected by 
the total hours of operation, When accurate costs are not 
availabler the following can be used to est imate  rspair and 
maintenance costs : 

Elect r ic   tors $3,m/year w.hp. 
Gasoline and disti l late $ ,00175 per wl hp-hrs. 
Diesel $ ,0022 per w.hp.-hra, 

4 Pump Maintenance a d  Repairs, 
One-half total coat 

Tmbim: Yearly coat = Estimated life in years 
Total cpst 

Centrifugal: Yearly cost = F ~ t i m a t e d  life in years 

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

The percent of planhperat ion  t h e  varies accordhg to the 
type of ins ta l la t ion  as follows: 

Diesels with large atorage tank, electric or n & t u r d  gas - 3 percent 
Gasoline or dist i l late plants permanently mounted - 5 percent 
bbvable i n s t a l l a t i ons  - 10 percent 
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~ a e  ~ . - - ~ l e c t r i o  motor p o w  costs d 
i - 

Required b-hp* Electric motor aost per hour baed on 100 
percent A&, power factor and 100 percent 
motor efficiency when the current rats 
wr kilowatt hour is 

h 3 1 1& 2 23 , 3 , 34 4 5 ,  

5 0.03 Om04 0&6 0-08 0.09 O a U  0.13 0.15 Om17 0.19 
10 el5 m19 *22 r26 a30 *34 .37 
15 *Os e l l  a 1 7  022 -34 a34 e50 e56 
20 m 1 1  415 422 .30 d7 5 052 m a  067 m 7 5  
25 e U  r19 028 a37 -47 *56 a65 -75 *39 m93 
30 a17 m22 3 4  0115 056 067 478 .90 1-01 l a 1 2  
35 -20 .26 039 *52 .65 ,78 .91 LO4 1.U 1,31 

'L 

4.O 022 a 3 0  4 5  & m75 -90 1.04 1.19 1.34 L49 
45 125 3 4  a50 e67 .84 l * O l  1.18 1.34 l,5l 1.68 
5 0 2 8  e37 e54 075 m93 la12 1.31 L49 1& 1*87 
60 e34 4 5  e67 e90 1.12 1.34 la57 1.79 2.01 2.24 
70 .39 052 .78 L O 4  1.31 1-57 1,83 2.09 2,35 2.61 
80 4 5  a60 e90 1.19 1.49 1*79 2-09 2.39 2.69 2m98 
90 050 067 1.01 1.34 1.68 2.01 2.35 2.69 3.02 3-36 

100 a56 *75 1-12 1.49 1-87 2-24 2m62 2.99 3-36 3.74 
320 e67 m90 1.34 1.79 2.24 2e69 3-I3 3.58 4.03 4.U 
J-40 ,78 1,0& 1.57 2eW 2.61 3.U 3-46 4.18 he70 5.22 
160 m9Q 1.19 1.79 2.39 2.98 3-58 4m18 ln77 5r37 5.97 
175 e 9 8  1.31 1.96 2.61 3.26 3.92 4.57 5.22 5-88 5.28 
180 Lo1 1.34 2*01 2 ~ 6 9  3-36 4.03 be70 5.37 6.04 6.71 
200 1.12 1.49 2.24 2-98 3.73 4.48 5.22 5e97 6.71 '7.G 
225 1.26 1-68 2*52 3.36 4-20 5mU4 5.88 6.71 7.55 8-39 
250 1.40 la87 2e80 3.73 4.66 5.60 6.53 7& 8.39 9.33 
275 1.54. 2-05 3.08 4.10 5.U 6.16 7.18 8.21 72310.26 
300 1.68 2.24 3-36 4.48 5.60 6.71 7+83 8-95 1Q0'7L19 
-.-Y ___I-.-.uY__r_..<-.- .--.*--- , ,̂ - *i.*_- Lu-w+d- 

Zlec ty ic  rnator cost IS besed on the delivered hossepomr, 
a?sumi,q an efficiency of 1GO percent f o r  the  imtor itzeLt', 

~ 1.00 percent electrical power f tictor, and continuous full- 
h a d  operation, 



Total yearly costa = fixed cost+ operating cost 
t o t a l  yearly cost 

Cost per acre-foot = 
acre-foot of water pumped 

Cost per acre-foot per foot of lift = t 
feet of pump@ lift 

Operatiog mst per acre-foot WerstW cost , , 

acre-foot of water pumped 

Cost pep acre = t o t a l  yearly ~t 
acres brigatea 

Annual fixed codts depefid entirely upan the amount of initial i n v e ~ b n t .  
In attempting to reduce these fixed costs, it is  usually not a sound 
policy t o  purchaae smaller equipment than needed or equ3.pment of low 
quality, A smaller pumping plant that must pump the required amount 
of water w i l l  naturally have t o  operate over a longer period of time, 
The fixed costs by us.% the smaller plant wodd be reduced. The 
operating costa,however, may be hicreased in greater proportion, A 
plant of greater initial cost m y  be sflficiently more economical ill 
fuel and repairs to warrant the higher fixed costs, 

Only a cost study will give the idormation necessary to arrive at 
the best selection. A combination of fixed and operating costs re- 
sulting in the lowest over-all costs will generdly be the best 
selection of the type and size of pumping plant, 

FxanpXe 8-4: 

G iven : Six-inch centrifugal pump, flexible coupling 
drive; &cylinder industrial. water-cooled gaao- 
Pine engine; wooden pump house Pi;lth conmete 
foundation; 70 acres krigated with yearly ap- 
plication of' 12 feet of water; 60 b.hp. required; 
operated 400 hows per year; t o t d  pumping head 
of 220 feet; gasolhe at $~0.25/~allon and oil a* 
$1.00 per gallon; interest ratc of 5 percent, 

Find: Total  yearly cost; total yearly cost per acre- 
foot; a n n d  operating cost per acre-foot; and 
total  annual cost per acre imiga%edr 

Solution : 
1, I n i t i a l  Investment* 

Pump complete with suction hose and strainer 7g0.00 
&cylinder industrial. gasoline engine . &,. . . 1 1270,00 
Pump house and f~undation,..,.........~..... 600~00 

$2,650.00 
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2, Fixed Cost Dollar$ 

Interest (2650 0.05) 
2 e*..eee*e.e 66.25 

be Taxes md Insurance (2,650 x 0~01) , , , , . , . , . 26.50 

c, Depreciation 

Cen t r i fugd  pump---- 16 yews .. . .* . 
16 

&*75 

Gasoline engine--- 9 yews 1270 e...m ud,12 
9 

600 Pump house---------- 20 years - . . , . . 30.00 
20 

Total fixed cost $312,61 

Amal  Qeratihg Cost. 

a, Fuel consumption 

(cost per ) 
(hour of ) = 60 b.hp. x 0.1 gaL/hp. x $0.25/gal*= $1.50 
(operation ) 

Total. annual fuel cost = $1.50 x 400 hours .. .. . . $600.00 
b. Lubr ic~ t img o i l  and greases 

Dollars 

O i l  - 400 how3 x 6 0  b.hp. -- -- x $ 7 . 0 0  per g d ,  ... 24.00 
1,000 hours 

Grease - 4GO hours x $0.01 per hr. , , r a * a * , e , a c , b  L o o  

c. ~ n g h e  maintsnanca and repairrs 

+ 800 r, D* wlhpc - m, x 220 foet = 44.4 
3,960 w,hp. 

Cost  44,4 ~ . h p ,  x 4CC ~ O W B  x $0.00175 ...,.*.. 31*08 



and repai-rs 

Total wtzpl opera t ing  coot $729,83 

4 Summary of Costs :  

Il.ars 
Total yearly cost = $312.61 + $729.53 = y,w.44 
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