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ROIF OF VALVE OPENING RATIO IN THE DESIGN OF FOOT VALVES

‘D, CHANDRASEKARAN! and |, MUTHUSWANMY®

In connection with design and development of foot valves, experiments were condut-
ted at the department of Soil and Water Conservation Engineering on different types of

foot valves. It is revealed by the experimental data that the valve opening ratio O

a

varies inversely with the coefficient of resistance 'K’, and the pressure head loss hf

in foot valves.

In this paper an attempt has been made to find oui the effect of valve

opening ratio on head-loss characteristics of foot valves in pumpsets,

Foot valve is a sort of check valve fit-
ted at the base of the suction pipe. The
foot valve consists of valve system
and a strainer. The foot valve is fo
perform the following functions wiz.,
(1) to keep the centrifugal pump in
primed condition and (2) to check
the entry of foreign floating mate-
rials into the suction line.

Foot valve manufacturers so far
have not been found to supply the
headloss information of their products.
Normally, some of the reputed manu-
facturers carry out the relevant hydrau-
lic test of their products.

The testing of foot wvalves for
determining their headloss values in
order to identify the low resistance
foot valves available in the country is
drawing considerable attention from
the scientists, research workers and
industrialists.

Patel, (1962 ) conducted ex-
periments on  frictional losses in
locally manufactured foot valves and

found out that a head loss of 10 to
50 cm was experienced in flap type

foot wvalves. The senior author felt
that the important factors affecting the
frictional loss were (a) strainer ope-
ning” (b) valve opening and (c)
shape of the dome or bell mouth
and that the foot valve must have
strainer area about 2.5 to 3 times the
cross sectional area of the suction

pipe,

Patel (1984) correctly diagonised
the causes of pressure loss in the
foot valve. The principal factor for
the loss is the flap or valve opening
area. When the valve opening area
is larger than the throat or suction
pipe area there would be convergence

of flow and for the reverse there will
divergent flow. As known from the
hydraulics, the loss in the divergent
flow would be more than in the con-
vergent flow, The values of the head
joss were 0.1 t0 0.13m in the con-
vergent flow and 0.22 to 0.23m in
the divergent,

Patel and Bhattacharya (1985)
analysed that the total head loss ina
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foot valve would be of the one at the
stainer and the loss due to sudden con-
tration of flow at the foot valve throat.

A sample survey conducted by
Government of Tamil Nadu in Chin-
gleput district to study and identify
the defects in the installation of pump
sets as part of energy audit, revealed
that 80 per cent of pump-sets con-
sumed more energy than needed. The
pressure loss in the conventional foot
val 1 to 1.5 m. By reducing this
|oss to 0.4or 0.5m in about 1 lakh pump
sets operating in the whole of Tamil
Nadu it is possible to save energy worth
of Rs. 36 million per annum. A study
was, therefore, conducted with locally
available foot valves to identify the
important parameters that govern the
pressure loss of a foot valve.

MATERIALS AND METHODS

In the course of the experiments,
the water was pumped from the sump
with a five horse power centrifugal
pump and recirculated back. The
suction pipe line was 3" in diameter
and delivery 2 1/2"". A pressure tap-
ping has been made in the suction
pipe line just above the foot valve
and was connected the to the limb of
manometer with the other end being
open to atmosphere. The manometric
liquid used was mercury. The dis-
charge pumped out was metered by
actually collecting in a tank. The
pressure loss in the foot valve was
observed on the manometer.

An eguation was obtained to
workout the pressure loss using the
observed data. Considering two points
for this purpose, one at the entrance
to the foot valve and the other at the
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outlet of the foot valve and applying
Bernoullis theroem, we get

Vs*
Hs + -— + hf
2g

But Hs = Ha + H —13.6 4 H = (H—
sH) + W f(H—aH) +y+x]
That is Hs=Ha—136 « H 4+ aH
{unﬁ W" E’D}
Eliminating Hs and reanianging for hf
Ve
hf = x+126 4 H — -
29

Ha + % =

Where

hf = Headloss due to foot valve, m

x = Submergence of foot valve
tapping, m

Hs = Suction head, m

Vs = Suction velocity, mysec.

W' = Weight density of air

aH = Differential head in the ma-
nometer

In this analysiz the weight of the
air column from the manometer to the
outlet point of the valve was negle-

cted. Hence head loss can be ey-
pressed as
\f2 e
l{ — == hf = X r 12,6.:"..H L
2g 29

where ‘R’ is the resistanc2 goeffi-

cient. This resistance coefficient can

be determined with the computation
'||u||'1

of volocity head — and the observed
29

pressure head 'hi’. The experimenta|

details of different foot valves with

0
their valve opening ratio (T) are

given in (Table 7).
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Table 1. Experimental details of different foot valves with the ratio o
a

5.No.. Name Discharge (Q) Veloeity (V) M Head loss Coeificient of (0) ratio
m?/Sec miSec. V gd {(hf) m resistance (K) a
1., Fabricated 0.017 5.66 7.2 0.52 0.31
0.016 5.33 6.8 0.50 0.34
0.014 4,66 5.9 0.45 0,40 2,56
0,012 4.00 5.1 0.38 046
0010 3.33 4.2 0.30 0.53
0.009 3.00 38 0,26 .57
2. Fabricated 0.018 6.00 7.6 0.64 0.34
0,017 5.66 7.2 0.61 0.37
0,018 5.00 6.3 0.52 0.40
0.013 4,33 5B 0.50 0.52 2.50
0.010 3.33 4.2 0,40 0:1
0.009 3.00 38 0.35 037
4. Fabricated 0.018 6.00 7.6 0.70 0.38
ooy 5.66 72 0.67 0.41
0:015 5.00 5.3 0.64 0.50 2.4
0.013 4.33 55 0.56 0.58
0.011 3.33 .2 0.50 0,73
0,008 2.66 3.3 0:37 .02
A e 0.017 4.25 5.2 1.55 1.66
0.015 3.75 4.3 1:40 1.97
0,013 3:28 3.7 1.20 228 1.60
G010 2.50 29 0.84 303
0.008 2.00 23 070 350
5 Green 0.018 4.50 52 1.72 1:68
0.015 3.5 4.3 1.53 2.15
0.074 3:50 4.0 1.40 2,25 10
002 .00 34 1.25 277
0.008 2,25 2.6 0.95 380
6. DFF 0.018 4.50 5id 1.90 1.84
0.016 4.00 4.6 1.76 217
oma 2.50 4.0 1.60 258 .99
0:011 2.75 3.2 1.1 3,44
0209 2.25 2.6 111 4.44
7, Syathetic 0.018 4 .50 52 3.05 2.99
0.016 4.00 4.6 2.83 3.4%9
008 3,75 4,3 276 3.87 0.87
0.013 325 3.7 2.55 4,81
0.o10 250 249 227 7.32
0.009 2,25 2.6 215 8.80

33



CHANDRASEKARAN and MUTHUCHAMY

RESULTS AND DISCUSSION

It is clearly noticed from the
Table 1 that the valve opening ratio

;B Ratio of valve opening area (0)

to its suction cross section area
(a), is one of the important factors
affecting the presure loss in the foot
valves. From the Table it is seen that
the co-efficient of resistanca (K) varies

inversely with valve opening ratio O .
o

In SI. No. 1, the K value varies from
0.31 to 0.67 for 0 value 2.56 and in

a

Sl. No. 2 it varies from 0.34 to 0.77
for O valve 2.50. For O value 2.41
a
the resistant coefficient K, ranges bet-
ween 0.38 to 1.02 in SI. No. 3, In
Sl. Mo. 4-the Gowri foot valve, the
resistance coefficient varies from 1.66
to 3.50 for value opesning ratio 1.6.
For the O value 1.0, the Gowri foot

d
valves register the K value in between
1.68 10 3.80 in SI. No. 5. From the
Table 1. it is clearly known that the
value opening ratio is playing an
important role in the determination
of head loss in foot valves, As may
be seen from the Table (1) the highest
pressure loss was observed in syn-
thetic foot valve and the |owest in
the case of fabricated foot valve (SI.
No. 1). The increased valve open-

ing ratio O will ha obtained when
a

the valve opening area (Q), isas lar-
ger as possible. The larjer valve
openining arca (0) will facilitate
smooth entry of water from strainer to
the throat s2ction of suction lina, The
smooth and free entry of water is sub-
jacted to less friction and this Irads
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to lesser coefficient of resistance (K

If the valve opening ratio. O wvalue
a

is less than 1.0 it means that the flow
is divergent and if it is grater than
1.0, the flow is convergent both of

which are not desirable from the point
of view of pressure loss. However,
if the ratio is less than 1.0, then the
divergent nature of flow will fead 1o

enormous pressure loss, subsequently
the K will be very high.

Due to the larger valve opening
ratio (ratio of valve opening area to
the suction area) the pressure loss
could be reduced to 0.3 to 05m
from the average value of 1.25 m

noticed in the conventional foot valves.
By this improved valve opening ratio

0 , It is possible to achieve economy
i

in the operation of pumpsets.
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