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INTRODUCTION

India is an agricultural based nation. It is estimated
-{chat the geographical area of India is 328.8 m ha out of
‘5*which 113.5 m ha can be brought under irrigation. Lift
;E irrigation from major rivers and streams plays a vital role

§¥in development of rural economy

and generation of
- opportunities for gainful employment where canal irrigation

- facilities are inadequate or absent. Creating canal

rigation facilities requires large capital and longer

ation periods whereas 1lift irrigation schemes yield

uick returns and capital required is very much less and
80 they can be completed in one or two working seasons.

ce wherever 1lift schemes are possible the same will have

be preferred and executed. Amongst modern pumps,

~ centrifugal pumps are most widely used in 1lift irrigation
- practice.

In India, agricultural production in many areas is

~ seriously hampered due to non-availability of adequate power

lift water for irrigation: During last two decades,

nere has been rapid development in the field of agriculture
ch has considerably increased the demand for power.

imates have been made on energy requirements during the

od 1973-74 to 1998-99 (Michael, 1978). According to

e estimates, at the end of the century the human and



. power will reduce from 2366 m kwh per year to 893 m
:*year. At the same time diesel power rejquirement
increase from about 1813 m kwh to 3621 m kwh. The
rical power demand will increase from 4242 m kwh to
‘m kwh. These figures indicate that the energy

rements will be approximately trippled by the end of

is really needed is a great deal of effort to
e or save energy in pumping. 'Engery saved is energy

'. Conservation in this context does not mean a
ion in demand. It means an efficient use of energy.

y of energy use also means a reduction in the

on cost of agriculture for the farmer.
Bave

iesel 0il is the other energy source for irrigation
lg. We have a large number of diesel pumpsets about 45
(1995) already working. Besides over a lakh of
s are being added every year. Requirement of diesel
consequently mountinj steadily adding to the burden
ts using scarce foreign exchange resources. Diesel
are also more expensive to the farmer. Both the
tment and the operating costs are higher than electric
3 Hence diesel is not a practical solution to the
’ j&ﬁblem of energy supplies to agriculture and wore

lly the problem of electricity shortage.
is






Use of poor designed foot-valves.

Use of high friction non-smooth pipes.

Use of high resistance foot valves and reflux
valves.

Use of undersized pipes in suction and delivery
lines.

Unnecessary height of delivery pipe.

Use of belt-drive instead of monoset pumps.

Use of shallow elbows instead of long radius bends.
Poor match of pump with irrigation.

Pump wear due to cavitation.

Poor maintenance practices.

The Q (rate of water discharge) and H (the otal
head over which the water is to be lifted) do not
match with actual Q and H of the well from which
water has to be lifted.

Loss of RPM (revolutions per minute) because of the
faulty power transmission system or lower than the
expected RPM of the prime mover, especially in an

0il engine.

Among all pipe fittings in the suction 1line
-1re5ponsible for increasing the suction head through their
’ftrictional losses, the foot valve contributes to the
iiﬂmximum. Hence the selection of low resistance foot-valve
'{%or satisfactory operation of pump is of prime importance.

% The specifications of foot-valves used for agricultural



lg system is given in 1S-10805-1986 (BIS, 1986). The

owing are the basic requirements of an efficient foot

The total area of opening in strainer should be more
- than cross-sectional area of the suction pipe. An
aptimum-value of the ratio of the cross-section of the
suction pipe and the total open area of perforations in

the strainer is 1:3.

The strainer should have smooth slotted perforations
which are properly streamlined to reduce turbulance of

 flow into it.

The area of opening of the base plate on which the
valve rests should be equal to or more than the area of
- the suction pipe.

Valve should be hinged that it opens easily and fully.

Valve should be leak proof when closed.

- The rectification efforts needed are broadly on two

. namely,

Reduction of the friction losses in the foot valve and

the piping system.

Improving the efficiency of the pump, prime mover and

the power transmission system.



ective of this study are:

To find out more efficient foot wvalves which are

commonly available in Kerala.

i) To find out low resistance and suitable piping system

on suction and delivery sides of the pumpset.



REVIEW OF LITERATURE

In this chapter an attempt is made to give a brief
review of literature relevant to the topic of the study

undertaken in the past.

Patel (1981) reported that depending on the type of
foot valve used, the energy consumption due to foot valve in

running a pump may be as high as 15 per cent of the total

input power.

Pandya (1981) reported that there are about 40 lakhs
electric and about 36 lakhs diesel pumpsets operating in
India and the excess operational cost due to a cheap but

improper quality foot wvalves, would be of very high

magnitude.

Parikh et al. (1981) studied the performance of lister

type low horse power stationary diesel engines and noticed
that the improper foot valve was one of the key factors

responsible for excessive fuel consumption.

Thaman etal. (1982) reported an improvement of 3.8 to 7.6

f per cent in pumpset efficiency as a result of proper design,

- selection, maintenance and operation of pumpset.



Sewa Ram ef al. (1982) studied the relationship between

velocity head and frictional loss due to foot valve for
;ﬁi"fferent ratios of area of opening of strainer and the area
f suction pipe. The ratio (strainer opening area-to suction
ipe area) with less than 3 resulted in heavy loss of head

to friction. However, optimum ratio was found to be in

> range 3 to 3.5.

Sewa Ram efal. (1982) developed Pantnagar foot valve and

aimed that the pantnagar foot valve is 8 times more

cient than local foot valves. The design criteria for

low resistance foot valve are given below.

The perforation area of the strainer of the foot valve

should be 3 times the cross-sectional area of the

~ suction pipe of the pump.

- The diameter of opening below the valve seat through
~ which water enters in the casing of the foot valve

should be equal to diameter of suction pipe of the pump

.~ so that the flow is not restricted.

‘I‘he valve should be connected in such a way that it

- opens vertically at about 90° when the pump is in
operation.

atel (1982) observed that 95 per cent of the Gujarat

use inefficient foot valves with their pumpsets



ch leads to wastage of energy in the pumpsets. He
gested that by introducing low resistance foot valves,

east 10 per cent of the energy used in agricultural pumps

be saved.

He also conducted experiments on frictional losses in
ocally manufactured foot valves and found that a head loss
*f'i0~50 cms was experienced in flap type foot valves.

iner opening, valve opening and shape of dome are the
gCh

rtant factors affecting the frictional loss.

'53 Patel (1982) conducted experiments on foot valves for
':abss characteristics at the department of Soil and
cﬁng:i.neering, Gujarat and reported that the pércentage
-ioas due to foot valves ranged from 14.5 per cent to
‘cent of the total head depending on the discharge.

words, the seriousness of the foot wvalve loss can

*éreat as to cause a loss equal to 1/3 of the total
g head.

uhan efal (1982) conducted experiments on foot valves

“'iners having circular holes and strainers with
s slots having total areas of perforation three
m area of suction pipe for comparision. The
éfipibetween velocity head and head loss dus to foot

studied. The foot wvalve with slotted strainer



'Bhat:tacharya etal. (1982) estimated the loss of money due

to improper foot valve. The cost estimate was calculated for
1000 hours of operation on the basis of current market
prices of diesel and electricity rate such annual cost for
- overcoming the frictional losses due to foot valve with an
electric motor driven pump ranged from Rs.5.36 to Rs.30.84
:- depending on the discharge, whereas the cost with a diesel
gump varied from Rs.16.16 to Rs.373.18 for the same

- discharge condition.

Patel (1984) correctly diagonised the causes of
essure loss in the foot valve. The principal factor for
loss is the flap opening area. When the flap opening
ea is larger than the suction pipe area there would be
rgence of flow and for the reverse there would be
ent flow. As known from the hydraulics the loss in
'divargent flow would be more than in the convergent
The values of head loss as observed by Patel where
to 0.13 m in the convergent flow and 0.2 to 0.23 m in

ivergent flow.

T E

4 Ee reported that foot valve is a major energy consumer
ent of pumpset. It consumes upto 10 per cent of the
: input energy worth Rs.1.50 to 200 crores is consumed
valve every year through 40 lakhs electrified and 36
ﬂ:ieselised pumpsets working at present in India. His

dy revealed that low resistance foot valve about 8 per



energy could be saved in pumpsets such saving in 70
pumpsets in the country would be worth around a 50

rupees every year.

~ Patel (1985) analysed that the total head loss in a
r

valve would be of loss at the strainer, loss due to
n contraction of flow at the valve, loss due to sudden

'gement of flow just after the valve, loss due to sudden

raction of flow at the foot valve throat.

Patel et al. (1985) found that the foot valve loss by

ing the friction loss in suction pipe with and without
&glves. They noted that the increment in discharge due
| ence of foot valve increased the frictional losses in
)ipe due to increased velocity. They have conducted
n 10 number of foot valves in the Department of Soil
2r Engineering, Navsari and réported that coefficient

istance had a value of about 3.1.

'f.ﬁatel (1985) reported that the actual velocity of flow
strainers, the valve opening and in the body of the
valve, is entirely different from the suction line
y. The true representative velocity existing at the
points in a foot valve is difficult to assess due to
change of flow direction, partial or incomplete

of the flap and varying flow areas at these three



The Petroleum Coﬂservation Research Association (1986)
ducted a study of 1724 dieselised pumpsets in Gujarat and
ealed that it was possible to save an average of 30 per
t of fuel in these pumpsets by implementing various fuel
ficiency measures like adoption of improved foot valves

§. Fifty seven pumpsets were modified and a saving of 16

B -

cent to 41 per cent were noticed in diesel utilisation.

~ On the basis of various field studies carried out over

last few years, including the two pilot projects

sored by the Rural Electrification Corporation covering

00 pumpsets during 1986-87, the following four types of
st effective rectification measures have been identified
the case of centrifugal pumpsets; as given in Table 1.

-

AL

;gih Karnataka state, in a pilot study sponsored by CBIP
] §uusets were rectified in 1992 by replacing old foot
with frictionless and also delivery pipes with
'HDPE pipes. The details of investment and savings of the

fication measures are given in Table 2.

may be observed from table that the scope for saving

s with the results obtained in the studies conducted
ere in India. What is liable to change is the cost of
~ and investment needed for rectification which are

in determining the feasibility of rectification.

tural tariffs being the lowest, or as in many states



le 1. Cost effective types of rectification measures

e o e e am e e tm e em e e A e o e e e e e mm o m m mm e e e e e e A e ee e e i e e e

of rectification Code Energy saving

per cent
. Use of low resistance
- foot-valve R, 10-15
Use of proper sized RPVC
~ pipe for suction line + R, R, 20-25
~ Use of proper sized RPVC
- pipe for delivery line + R, R, 30-35
e of monoblock pumpset + R, R’ 40-60

Investment Saving

Rs.175/- 8.6% (i) Lowest L.T. tariff
is 0.25 paise kWh

(ii) Average 0.39 paise
tariff

Rs.1400/- 29% "

R8.1525/- 33.16% ”

e e e e e e e em e e e e e e e e e e e e e e e e e e e e e o e e e e e e = e

Tech. Report No.81 "Energy in irrigation
pumpsets in Karnataka" 1992.



‘determined on horse power basis which turns out to be lowest
in terms of realisation of money per unit of power consumed
economics of rectification is heavily in favour of
replacing old foot valves with frictionless foot valves and
selected cases piping system too can be rectified. It
when there is scope for evaluating the rectification
fits with market prices of power, the scope for total
;;Eification tremendously improves. The phases plan for
ctification of pumpsets has to take the prevailing tariffs
:.serious consideration to determine the feasibility.

"_I In

iﬁ‘?he existing pumping systems were replaced by new
;—90! mping systems at 300 sites 1995 at Gujarat state.
n such cases efficient monoblocks of low horse power and
piping systems were used. The consumption of

icity was reduced by more than 50 per cent and

cted load was also reduced by 50 per cent. Summary

S are presented in Table 3.

ol .may be seen from table that even with substantial
or the investment needed for rectification,
reducing the value of electricity of 0.5 paise per
xsimeorrmended by the power ministers conference, the
"are still positive. It also may be noted that out

> types of rectifications, changing foot valve and

line is most best effective and it is simple too.



- Table 3. Summary results of different
3 rectifications carried in the Gujarat state with

current market prices (1995)

types of

Total
piping
with FV

Complete
rectifi-
cation

Item Foot-valves
suction
line
R,
No. of pumpsets under 500
rectification

Annual consumption of
electricity in kWh per
pump

A. Before 6892

B. After 5379

C. Difference 1513
(21.9%)

Investment needed

for rectification 500

goods (in Rs.)

Annual cost @ 30%
of investment (Rs.) 150

. Value of electricity
- saved per pump per

year (Rs.)
2 (i) @ Re.1/- 1513
per unit
(ii) @ Re.0.5 756
per unit

. Pay back period
b (1) 4

months
(id) 8
' months

. Incremental cost
~ benefit ratio

(1) 1:10

: (ii) : A

8157
5787
2370
(29%)

1500

450

2370

1185

7.5
months

15
months

155..2

1:2.86

20198

9582

10616
(SZ.5%)

10000

3000

10616

5308

miEa
months

22
months

1#3.5

Yid.q




f;ua follows.

*oot valve + suction line

Piping systems + foot valve:

Complete rectification

the criteria for different types of rectification can

Recommended on all
inefficient pumping
systems

Recommended on these
inefficient pumpsets
where the annual
consumption 1s around
10,000 KWwh

Recommended on these
pumping systems where
annual consumption is
above 10,000 operating
hours

The principle is that higher horse power pumpset with

ore running if inefficient is fit for making investment for

mplete rectification and vice versa.



MATERIALS AND METHODS

Objective in general of this research work is to

;ivaluate the performance of centrifugal pump with different

Collection of details regarding the availability of

different types of foot-valves

Selection of different types of foot-valves

suitable for this study.

Study the performance characteristics of
centrifugal pump by using different foot-valves and
select most efficient foot-valve that is available

in the market.

Study the performance characteristics of centifugal
pump using GI pipe and PVC pipe on both suction and
delivery sides and also to note the power that can

be saved by using efficient foot-valve and pipe.

- The centrifugal pump consists of an impeller enclosed
L casing. Water enters the pump through pump inlet and

rotated by the impeller of pump. Rotation causes a flow



"irom the centre of the impeller to its rim. The water is
¢ en thrown up passing through the gap. between casing and
eller and escapes through the discharge pipe. As a
sult of the vacuum created at inlet, water continues to

inter through the suction side due to atmospheric pressure.

Proper installation of a centrifugal pump ensures its
onged trouble free service. The pump is installed as
se to the water surface as possible. It is located at an
easily: accessible place in clean, dry, well ventilated
irroundings. To ensure maximum capacity, the site selected
d permit the use of the shortest and most direct

on and discharge pipes.

~ The centrifugal pumps will not lift water until and
':";‘ . they are primed before starting. Foot-valve keeps
mp in primed position by retaining water in the pump
‘the suction pipe and thereby eleminating the need of
. priming during the next starting operation. The

ig are the basic requirements of an efficient foot-

2 total area of the openings in a strainer should be
. that the velocity head is minimum. An optimum
e of the ratio of the cross section of the suction

and the total open area of perforations in the

iner is 1:3.



The strainer should have smooth slotted perforations

which are properly streamlined to reduce turbulence of

Elow into it

The area of opening of the base plate on which the
valve rests should be equal to or more than the area of

the suction pipe.

The valve should be so hinged that it opens nearly

full.
~ The valve should be leak-proof when closed.

e trade names of foot-valves selected for the study

of various foot valves

foot valve (Fig.l1, Plate 1, Plate 3)

nstruction : Plastic

65.42 cm’

18.24 cm?
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trainer area:suction pipe area

2 opening area:suction pipe area

face smoothness
2 of strainer opening

(i) at the bottom

(ii) at the side

Kirloskar foot-valve (Fig.2,

erial of construction

ening area
area:suction pipe area

ng area:suction pipe area

oothness
strainer opening

at the bottom

) at the side

of construction

area

a:suction pipe area

_. foot valve (Fig.3, Plate

3231
D.9%1

Smooth

circular at the
centre with
triangles
surrounding it

rectangular shaped

Plate 2 and Plate 4)

Cast iron
48.28 cw’
23,26 cur
23831

I o -

Rough

circular at the
centre

oval shaped

1, Plate 3)

Plastic
48 .26 cm?
18.97 cm’

0851
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ase opening area:suction pipe area : 0.94:1 l

rface smoothness :  Smooth

e of strainer opening

(i) at the bottom : three concentric
circles equally
divided into eight
sections

(ii) at the side : rectangular shaped
514 Vinu foot-valve (Fig.4, Plate 1, Plate 3)

terial of construction :  Plastic
rainer area » 35.853 o'
e opening area : 15.4%3 op’
‘ainer area:suction pipe area ¢ 1i753.%
;o@ening area:suction pipe area : 0.76:1

. smoothness :  Smooth

pe of strainer opening

i{i) at the bottom :  no opening

(ii) at the side : dome shaped side
with oval opening
with an additional
wire mesh inside
it

5 Buno foot-valve (Fig.5, Plate 2, Plate 4)

al of construction : Cast irom
r area :  %8B.306 Ond
ning area & IR0 St
area:suction pipe area - 080

ning area:suction pipe area : 0.79:1




@ Housing

@Disc
@visc plate
@DiscFace
©Seat

. @Strginer

F194. Sestional view of Vinw foot-valve




£0

® Housing
@ ns Pace
® Seat

® Stratner

® disc

. b, Bt




Surface smoothness : moderately smooth
Shape of strainer opening :  the bottom was
hemispherical in
shape with circular
opening at the
centre and oval
shaped openings
surrounding it

3.1.6 Raj foot-valve (Fig.6, Plate 2, Plate 4)

Material of construction : Cast iron
Base opening area : 14.41 o’
%ﬁ(dy Y

‘fainéf area:suction pipe area ¢ 0.731:1

Surface smoothness : Moderately smooth

3.2 Experimental set-up

The general layout of experimental set-up is presented

schematically in Fig.7 and photographic view is given in

Plate 5.

Foot-valve was fitted at the bottom of the suction pipe
below the pumping water level. The experimental set-up was
equipped with a 3 HP centrifugal pump of 2" x 2" size

coupled with 3 HP motor having a speed of 1440 rpm.

Performance study was conducted at the hydraulic
labofatory of Kelappaji College of Agricultural Engineering
and Technology. A sump having a dimension of 5.4 x 1.25 x

1.35 m was utilized for the study. The discharge pipe was
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set up in such a manner that it deliver water back into the
sump itself. In this manner suction head in the sump was
maintained at a constant level. Starter used is of push

butten type.

3.3 Test procedure

The experiment was conducted using GI pipes on the
suction and delivery sides. 1Initially Meccano foot-valve
was fitted on the bottom end of the suction pipe of
centrifugal pump. The pump was started after priming. Gate
valve was shut off at first. After sometime it was opened
slowly wWen the motor attains its speed. Necessary
measuremeéts of suction head delivery head, energy meter
reading aﬁd delivery discharge were noted. At least six
sets of réadings were taken by varying the head. Readings
at the shut off were also noted. After completing the
measurements, Meccano foot-valve was removed from bottom of
the suction pipe. The experiment was repeated for every

foot-valve in the order Vinu, Prashant, Buno, Kirloskar and

Raj.

The experiment was repeated using PVC pipes instead of

GI pipes.

To conduct the performance study of centrifugal pump

using different foot valves and pipes the following

parameters were measured.



3.3.1 Measurement of head

Arrangements for measuring the suction head and
delivery head were made with the help of vacuum gauge and
pressure gauge respectively attached in the suction and
delivery lines connected to the pump. Suction head was
determined from the readings directly obtained from the
vacuum gauge in mm of Hg; Similarly discharge head was
determined from the readings shown in the pressure gauge in
kg/cm’. The distance between pump centre line and pressure

gauge was 1 m. Total head was calculated as follows.

Total head (m) =

Reading from vacuum gauge x 13.L (m)+ 1(m)+
1000

Reading from pressure gauge x 10 (m)

For varying the head, a gate valve was attachad at the

delivery side just before the pressure gauge.

Lo

3.3.2 Measurement of discharge

Discharge of pump was measured with the help of a water
meter (2") (Plate 6) at the delivery side. For varying the
discharge a gate-valve was attached at the delivery side.
Discharge was directly obtained from the readings in litres
shown in water meter. Time taken for a delivery discharge

of 200 litres is noted. Delivery discharge = 200 lps.
£



3.3.3 Power measurement

With the help of an energy meter, power required to
deliver a discharge of 200 litres was noted. Initial and
final readings were directly taken during the delivery

discharge of 200 litres. Readings were given in kWh.

Energy consumption (kW) = (Final reading-initial reading) kWh

Time in hours

Efficiency of the pump is calculated using the formula,

E(101.85)
Where,
Q is the delivery discharge in 1lps
h is the total head in m

E is the energy consumption in kW



RESULTS AND DISCUSSION

The results of the experimental study conducted are

discussed in detail in this chapter.
4.1 Variation of head with discharge

The study was conducted using various foot-valves. In
this study GI pipe was used in suction and delivery.
Observations are shown in Tables 4, 5, 6, 7 8 and 9. The
curves showing variation of head with discharge is shown in
Fig.8. The figure reveals that for all foot-valves as the
discharge increases, head decreases gradually. At higher
heads the rate of increase of discharge with decrease in
head is very high compared to that of lower heads. For a
particular discharge, the pump gives maximum head using
Prashant foot-valve. The head corresponding to maximum
efficiency is about 20.5 m while using Prashant foot-valve.
Head corresponding to maximum efficiency with other foot-
valves is lesser (Fig.24) than that of Prashant foot-valve.
the slopes of head-capacity curves corresponding to
Prashant, Kirloskar and Meccano 1is almost uniform.
Eventhough the pump operates in lower heads using other
three foot-valves, the incremental increase in discharge is
negligible in lower heads. The operating head is maximum for

the pump using Prashant foot-valve becuse it had created



ici ing GI
Observations tO calculate pump efficiency using

ble 4
i pipe (Prashant foot-valve)
S i e R %%iciency
Delivery Pump € d
Energy TOtgl h discharge, Q ﬁ, i %)
consumption head, (1p8) E(101.85)
E (kW) B e B o imenioessionr 55 A s s 4
2,27 18.84 AT 77 5§1.00
4.00 19.45 11,10 53.00
.70 ¥9 .73 10.53 5£.00
3.34 20.07 9.76 5%.50
270 20.50 8.16 606 .05
2.46 20.60 7.24 59.50
.25 21.00 5:50 50.20
1.80 21.80 0.00 0.00

Table 5. Observations to calculate pump efficiency using GI
pipe (Kirloskar foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q q- = _0Q.hx100 ()
E (kW) (m) (1ps) E(101.85)
N .27 18.40 i b (e o 50.60

4.00 19.00 11.10 S51.70

.55 20.07 10.00 55.50

8 .35 20.61 9.52 57.50

{2.70 20 .32 8.00 59.10

12.45 20.60 6.90 57.01

8.32 20.70 5.70 49.85

1.80 21.70 0.00 0.00



Table 6. Observations to calculate pump efficiency using GI
pipe (Meccano foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q rL = ___Q_._hxl_Q_Q__(,‘,
E (kW) (m) (1lps) E(101.85)
3.90 19.00 10.53 49.80

3.50 19.65 9.52 52.50

3.00 20.37% 8.30 54 .80

2.60 20.40 6.50 50.07

2.46 20.58 5.10 41 .90

2.40 20.70 4::93 41].70

.20 21.00 2.90 24 .00

1.93 21:50 0.00 0.00

Table 7. Observations to calculate pump efficiency using GI
pipe (Vinu foot-valve)

Energy Total Delivery Pump efficiency
consumption nead, h discharge, Q qb = _0Q.hx100 (%)
E (kW) (m) (1ps) E{101.85)
.25 17.04 10.00 39.38

4.10 18.49 9.52 4217

3.80 20.00 8.70 44 .95

3.40 20.20 7.84 45.70

8 .20 A0 B L 7.14 44 .36

2.90 20.32 S 42 .30

2. 74 20152 5.10 37.50

2.20 220 0.00 0.00



Table 8. Observations to calculate pump efficiency using GI
pipe (Buno foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q qu = _0.hx100 (s)
E (kW) (m) (1lps) E(101.85)
4.65 14 .90 10.81 34.00

4.00 17.43 9.00 42.50

3.89 18.90 8.89 42.40

3.30 19.54 7.40 43.90

3.04 20.08 6.67 43 .25

2.88 20.20 5.26 36.96

2.67 20.52 3.20 24.00

2.53 20.90 0.00 0.00

Table 9. Observations to calculate pump efficiency using GI
pipe (Raj foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q ﬂ, = _0.hx100 ()
E (kW) (m) (1lps) E(101.85)
3.56 18.13 7.40 37.00

3.50 19.60 7.00 38.62

3.40 19.80 6.50 37.16

310 19.90 513 3233

2.88 20.03 3.+85 26.28

2.80 20.18 2. 95 20.90

2.60 20.50 0.00 0.00
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less head loss due to friction as compared to that of other
foot-valves. Such low resistance created by that foot-valve

was due to better design of its strainer and base opening.

The tests on various foot-valves were also carried out
using PVC pipes on suction and delivery. Observations are
shown in Tables 10, 11, 12, 13, 14 and 15. The curves
showing the variation of head with discharge is shown in
Fig.9. It is observed that at higher heads the rate of
increase of discharge with decrease in head is higher. At
lower heads all the curves are very steep and the discharge
variation is less. Among all the foot-valves used, the pump
gives maximum head using Prashant foot-valve at a particular
discharge. The head corresponding to maximum efficiency is

about 21.1 m using Prashant foot-valve (Fig.25).

Operating rnage of the pump is more when tested with GI
pipes compared to PVC pipes (Fig.10, 11, 12, 13, 14 and 15).
Pump gives greater head using PVC pipes compared to GI pipes
at all discharges within its operating range. The higher
head obtained is due to the lower frictional loss created by

PVC pipes (Appendix-I).
4.2 Variation of efficiency with discharge

Readings of performance study using GI pipes are shown
in Tables 4, 5, 6, 7, 8 and 9. The curves showing variation

of efficiency with discharge is shown in Fig.16. Among



Table 10. Observations to calculate pump efficiency using PVC
pipe (Prashant foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q n = _Q.hx100 (%)
E (kW) (m) (1lps) E(101.85)
4£.13 20.50 6.25 59.26

%.97 43.10 5.80 60.89

1.90 21.36 4.82 §3.20

.82 ZEa % 2.86 33.54

1.68 21.90 0.00 0.00

Table 11. Observations to calculate pump efficiency using PVC
pipe (Kirloskar foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q = _0.,hx100 (%)
E (kW) (m) (1ps) E(101.85)
2.03 20.60 6.00 58.62

2.00 21.00 5.88 60.62

1.96 21 .34 5.40 5% .73

1.88 21.30 4.65 51.80

1.81 21.70 2.50 29.43

1.70 21.88 0.00 0.00




Table 12. Observations to calculate pump efficiency using PVC
pipe (Meccano foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q s T 0. hx100 (%)
E (kW) (m) (1lps) E.101.85)

z il 20.40 6.45 57.20

2:07 20.44 6.15 59.44

2.06 20.64 5.88 57:70

1.98 21.34 4 .44 47.08

1.97 21.68 2 .60 28.70

1.80 21.86 0.00 0.00

Table 13. Observations to calculate pump efficiency using PVC
pipe (Vinu foot-valve)

Energy Total - Delivery Pump efficiency
consumption head, h discharge, Q n = _0.hx100 (%)
E (kW) (m) (1lps) E{101.85)
2.60 20.86 5.90 46.47

2.53 20.87 5.80 46.89

i’ .32 21.00 s B 44 .12

2.30 21.19 4.82 43.60

¢.11 21.23 4.00 39.63

.10 21.50 2.74 27.50

1.90 2T .78 0.00 0.00




Table 14. Observations to calculate pump efficiency using PVC
pipe (Buno foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q n = -Q.hx100 (x)
E (kW) (m) (1lps) E(101.85)
2.83 20.15 6.06 42 36

2.60 21.00 5.70 45.20

2.45 21.30 5.00 42 .59

2.42 21.36 4.44 38.50

#.39 21.40 3.64 32.00

2.33 21.43 2:50 22.50

225 21.50 0.00 0.00

Table 15. Observations to calculate pump efficiency using PVC
pipe (Raj foot-valve)

Energy Total Delivery Pump efficiency
consumption head, h discharge, Q n = _0.hx100 (%)
E (kW) (m) (1lps) E(101.85)
2.70 20.20 5.2 38.64

2.55 21.05 4.89 39.63

2.45 21.06 4.44 35.20

2.40 21,08 3 .77 32 .50

2.35 21.310 2.86 22.50

%.20 21.13 0.00 0.00
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different curves, the variation of efficiency is very less
at low discharges and this variation, increases at higher
discharges. For all the curves, as discharge increases
efficiency increases upto a maximum value and then
decreases. Efficiency depends on discharge, head and energy
consumption. From head-capacity curves it is observed that
when discharge increases, head decreases. At initial
stages, gain due to increase in discharge is greater than
loss due to decrease in head. After attaining maximum
efficiency, loss due to decrease in head is greater than
gain due to increase in discharge. Discharge corresponding
to maximum efficiency for the pump using all the foot-valves
is around 8 1lps. Pump gives maximum efficiency using

Prashant foot-valve.

Experiment was repeated using various foot-valves with
PVC pipes (Fig.17). Observations are shown in Tables 10,
11, 12, 13, 14 and 15. Discharge corresponding to maximum
efficiency for all foot-valves is around 5.5 lps (Fig.29).
Efficiency of the pump is found to be higher when tested
with PVC pipes compared to GI pipes (Fig.18, 19, 20, 21, 22
and 23).

4.3 Variation or energy consumption with discharge

Pump was tested using various foot-valves with GI pipe

on both suction and delivery sides and reading are given in
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Tables 4, 5, 6, 7, 8 and 9. The corresponding curves
showing the variation of energy consumption with discharge
is shown in Fig.26. As the discharge increases, energy
consumption also increases. After a particular discharge,
the curve becomes steeper and this discharge is around the
maximum efficiency. It is found that energy consumed by the

pump is least when it is fitted with Prashant foot-valve.

Readings of performance study using PVC pipes are shown
in Table 10, 11, 12, 13, 14 and 15. The curves showing the
variation of energy consumption with discharge is shown in
Fig.27. Here also as the discharge increases, energy
consumption increases gradually upto a certain discharge
which is around the maximum efficiency. After that the

discharge curves become steeper upwards.

For all foot-valves, the pump consumes less energy when
fitted with PVC pipes. Though the operating range of pump
using GI pipes is more, the energy consumption at higher
discharges is very high (Fig.28, 29, 30, 31, 32 and 33).
For example: when GI pipe was used instead of PVC pipe, the
increase in energy consumption using Prashant foot-valve at

6 1lps is about 0.3 kW. Let the pump works 8 hours in a day.

Power loss in a day

0]

0.3 x 8

2.4 kWh

]
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Power loss in a year = 2.4 x 365
= 876 kWh

Cost of power consumption/unit = Rs.1.3/-

Total cost of power consumption = 876:xi%:i3
= Rs.1138/-

In India, the total number of electrical pumpsets is
about 135 lakhs. Assuming that 50 per cent pumpsets are

equipped with GI pipes. Then,

Total economical loss 1138 x 135 x 10°
]

Rs.76815 x 10°

Earlier it was mentioned that operating range of pump
is more with GI pipe. But at higher discharges, energy
consumption is considerably high. Hence, if we want higher
discharge, it is advisable to use another pump which is

designed for that discharge.

4.4 Effect of strainer area and base opening area of foot-
valve on the performance of pump
The total strainer area and base opening area of all
the foot-valves tested are shown in Table 16. The pump
gives maximum efficiency when tested with Prashant foot-
valve. This is because only Prashant foot-valve satisfies
the specifications of strainer area as per IS

recommendations. According to I1S:10805-1986 (BIS, 1986)



Table 16. Variation of pump efficiency with strainer area and
hase opening area

Total

1. Prashant
2. Kirloskar

3. Meccano

4. Vinu
5. Buno
6. Raj

Area o
suction

pipe

(cm?)

20,
205
20
20
20

20

26

26

.26

.26

26

.26

area of
opening

of

strainer

(cm?)

65
48
48
35

18

.42

ce 8

.26

;02

.36

Area of Maximum
effici-

opening
of base
(cm?)

18.24
23.26
19.97
15.42
15.93

14.41

ency

GI
(%)

60.

59

54

using

05

+3.0
.80
.70
s 95

162

Maximum
effici-
ency
using
PVC

(%)
60.89
60.62
59.44
46 .89

45.20



optimum value of the ratio of cross section of the suction
pipe and total open area of perforations in the strainer is
1:3. For Prashant foot-valve this ratio is 1:3.23. Its
base opening area is nearly equal to the suction pipe area.
Kirloskar is having higher base opening area than the
Prashant foot-valve. The efficiency of Kirloskar is still
less compared to Prashant. This is because its strainer
area is lower than the Prashant foot-valve. The total
strainer area of Meccano foot-valve is almost equal to that
of Kirloskar. But its efficiency is lower than Kirloskar.

The reason my be due to lesser base opening area of Meccano.

i
Among all the foot-valves tested Buno, Raj and Vinu has

created very high frictional losses. Such a high frictional
resistance is due to their poor design of strainer as well
as base opening. Such foot-valves are very common in the
market. Foot-valves which cause considerable head loss due
to friction should be rejected. In such foot-valves the
total strainer opening area and base opening area are very
less. It is, therefore, recommended to avoid the foot-
valves with high frictional head. All the manufacturers of
foot-valves carry out the hydraulic tests of their foot-
valves so as to reject the foot-valves which leak or fail at
high pressure. All the manufacturers including some of the
reputed manufacturers of foot-valve do not test their
foot-valves for frictional losses. They feel that leak

proof operation of the foot-valve is the main and only



function of the foot-valve. However, good foot-valves with
low resistance or low head loss due to friction would turn
out to be energy-savers. The farmers may adopt foot-valves
like Prashant and Kirloskar in which the total area of
opening of strainer equal to about three times the

cross-sectional area of the pipe to which it is connected.



g —— —— e e,

SUMMARY AND CONCLUSION

_//ﬁ

The importance of irrigation in increasing yield.frah
agricultural land has been widely recognised for many years.
In India, the agricultural production in many areas is
hampered by the non-availability of adequate power for
irrigation. The shortage of power often affects the lift
irrigation projects. Amongst modern pumps centrifugal pumps
are most widely used in lift irrigation. It is known that
a great majority of pumpsets grossly inefficient from the
view point of energy consumption. However, field trials

have shown that these pumpsets can be rectified through some

minor modifications.

Present study included the rectification of centrifugal
pump using different foot-valves and pipes. The performance
study was conducted at the hydraulic laboratory of KCAET,
Tavanur. The various foot-valves used in this study were
Prashant, Kirloskar, Meccano, Vinu, Buno and Raj. The pipes
used in this study were GI pipes and PVC pipes. A sump
having a dimension of 5.4 x 1.25 x 1.35 m was utilised for
the study. The discharge pipe was set up in such a manner
that it deliver water back into the sump itself. 1In this
manner, suction head in the pump was maintained at a
constant level. Arrangements for measuring the head in the

suction and delivery pipes were made with the help of vacuum



gauge and pressure gauge respectively attached in the
suction and delivery lines. total head was calculated as
the sum of suction head, delivery head and the distance
between pump centre line and pressure gauge (1 m). For
varying the head a gate valve was attached at the delivery
side. Discharge of pump was measured directly with the help
of water meter provided at the delivery side. Energy
consumption was directly obtained from the energy meter.
Time taken for a delivery discharge of 200 litres was

carefully noted with the help of a stop watch.

Initially Meccano foot-valve was fitted at the bottom
end of the suction pipe. GI pipe was used both in the
suction and delivery lines. The pump was started after
priming. Necessary measurements of suction head, delivery
head, energy consumption, delivery discharge were taken. At
least six sets of readings were taken by varying the head.
After completing the measurements, Meccano foot-valve was
removed from bottom of the suction pipe. The experiment was
repeated for every foot-valve in the order Vinu, Prashant,

Buno, Kirloskar and Raj.

The experiment was repeated using PVC pipes instead of

GI pipes.

The findings and recommendations of the present study

are as follows:



(1)

(ii)

(iii)

(iv)

(v)

(vi)

st

PVC pipes give greater head at all discharges
within its operating range. the higher head
obtained is due to the lower frictional losses

created by PVC pipes.

Efficiency of the pump is found to be higher when

tested with PVC pipes compared to that of GI pipes.

The pump consumes less energy when fitted with PVC

pipes.

Though the operating range of pump using GI pipes
is more, energy consumption at higher discharges is
very high. This greater energy consumption is a

huge loss for the nation.

Foot-valves which cause considerable head loss due
to friction should be rejected. Among all the
foot-valves tested Buno, Raj and Vinu had created
very high loss of head due to friction. 1In such
foot-valves total strainer opening area and base

opening area are comparatively low.

Co
Farmers ﬁay adopt low resistant foot-valves like
Prashant and Kirloskar. The low resistance created
by these foot-valves is due to better design of

their strainer and base opening.



Appendix I
Frictional head losses in metres per 100 metres length of
PVC pipeline at pressur rating r kg/cm’
Discharge Pipe diamter (mm)
e . .. L FhESseRELRldsEREa RS ledAR R emaka s e n A d e
50 63 75
.0 0.80 Q.26 0z 12
D 1.60 0.52 0.25
.0 2.63 0.87 0.40
S 3.89 1.26 0.59
.0 537 1.74 0.81
] 6.92 2.30 1.05
.0 BL Ok 2,88 T35
L 1092 3.47 1.62
0 - 4.17 1.95
5 = 5.01 2.29
.0 = 5.62 2.6%9
5 - 6.61 3.09
.0 - 7.59 3.55
35 - 8.71 3.98
4] - 9.55 4.47
o - - 5.01
.0 - - 5.50
’5 - - 6.03
10 - - 6.60
i3 - - 1276
12 - - 8.91
13 - - 10.23
14 = - w




Appendix II

Head loss due to friction in galvanized iron pipes
per 100 metres of pipe length, m

Discharge Pipe diamter (mm)
(ipg8) @ meeccccocmcrccccccccs s rc e r e e e e
40 50 60 70

1.0 izl 13 0.43 027
B % .0 1.6 0.58 0 .27
1.4 7.3 . e 0.83 0.37
1.6 9.2 2.8 318 0.50
1.8 11.8 3:7 1.40 0.62
2.0 2K iy 4.5 1.70 0.73
2:2 16.2 D e 2.15 0.90
2:4 20.5 6.4 2.50 1.07
2.6 23.5 1.5 2.90 1.27
28 275 8.7 3.30 1.47
3.0 32.0 10.0 3.80 1.68
3.5 42.5 13.5 B3l 2.30
4.0 56.0 3715 7.30 3.00
4.5 71.5 22.5 8.80 3.80
5.0 87.0 28.0 10.80 4.70
5.5 = 33.0 12.40 5.70
6.0 - 40.0 15.50 6.80
6.5 - 47.0 18.30 8.00
70 = 54.0 21.50 9.30
7.5 - 62.0 24 .00 10.60
8.0 - 70.0 28.00 11.60
8.5 - 80.0 31.00 13.30
9.0 - 90.0 36.00 15.00
10.0 - 100.0 38.00 17.00
32.0 - - 43.00 19.00
14.0 - e 63.00 27.00
16.0 - - 86.00 37.00
18.0 - - - 47.00
20.0 B - - 60.00
22.0 ~ - - 712.00
24.0 - - - 86.00
26.0 - - -




Appendix III

Instrumentation

Make - Dolmy, Switzerland

Least count -  1/10

b. Specifications of vacuum gauge
Make - Bourdon's Patent, Germany

]

i

|

:

|

; a. Specifications of the stop watch
I

f

f Range - 0 to 760 mm of Hg
|

i

c. Specifications of pressure gauge
Make - Bourdon's Patent, Germany

Range - 0 to 7 kg/cm?

d. Specifications of energy meter

Make - General Electric Corporation of India
Pvt. Ltd., Calcutta

Phase =i 3

Volts - 3 x 400 112.5 Rev.s/kWh
Range - 0 to 10,000 kWh

Cycles - 50

| e. Specifications of pump
| Make - Suguna Pumps, Coimbatore
Size - 2% 2

RPM - 1440



f. Specifications of water meter

Make - Anand Ashi, India
Size - 50 mm
Range - 0 to 1000 litres

g. Specifications of starter
Make - Escol Electromech Ltd., Bombay

Type - Push button

h. Specifications of motor

Make - Suguna Motors, Coimbatore
HP i A

Amps -~ 4.5

RPM - 1440

Phase ¥

Volts L

Cycles =5

Class of insulation - A
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ABSTRACT

In India, the agricultural production in many areas is
hampered by the non-availability of adequate power for
irrigation. The shortage of power often affects the 1lift
irrigation projects. Amongst modern pumps, centrifugal
pumps are most widely used in lift irrigation. It is known
that a great majority of pumpsets grossly inefficient from .
the view point of energy consumption. These pumpset/s/{:;n be
rectified through some minor modifications. =

Present study included the rectification of centrifugal
pump using different foot-valves and pipes. The various
foot-valves used in this study were Prashant, Kirloskar,
Meccano, Vinu, Buno and Raj. The pipes used in this study
were GI pipes and PVC pipes. Necessary arrangements for
measuring the total head, delivery discharge and energy

consumption were made.
5 The major findings of the study are as follows:

. PVC pipes give greater head at all discharges within
its operating range. The higher head obtained is due

to the lower frictional losses created by PVC pipes.



Efficiency of the pump is found to be higher when

tested with PVC pipes compared to that of GI pipes.

Pump consumes less energy when fitted with PVC pipes.

Though the operating range of pump using GI pipes is
more, energy consumption at higher discharges is very

high.

Foot-valves which cause considerable head loss due to
friction should be rejected. Among all the foot-valves
tested, Buno, Raj and Vinu had created very high loss
of head due to friction. 1In such foot-valves total
strainer opening area and base opening area are

comparatively low.



