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DEVELOPMENT OF AN EMPERICAL EQUATION FOR
CDMPUTING PRESSURE LOSS OF FOOT VALUES IN PUMP
SETS.

I. MUTHUCHAMY' and D. CHANDRA SEKARAN?

ABSTRACT

Qut of total loss of pressurc in a pump, foot valve alone contributes 10% 10 15%
of the loss. However, with improved foot valves, it is possible to reduce this loss
considerably, This paper reports aboul different shapes of foot valves (such as cylindrical,
conical and hemispherical) having enhanced values of dome surfice srea and strainer
opening arca. Based on experiments and dimensional analysis, an emperical equation has
been obtained 1o quantify the pressure loss in foot value for design and operation purposes.
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INTRODUCTION

The pressureloss in the conventional
foot value is 1 to 1.5m. By reducing
this loss to 04 to 0.5 m in about 9
lakhs pump scls operating the whole of
Tamil Nadu, it is possible to save
considerable clectricity. Twelve existing
foot valves have been reviewed through
forpossibleidentification ol thcimprotant
papamelers that govem the pressure loss.
From the revicw, it was giathered thal
the shape of the fool value, lotal arca
of the dome surface, the straincr opening
arca, he valve opening arca and the
scctional arca ol the suction pipe arc
important in causing thc pressurc Joss.
Though most of the existing ool valves
arc hemispherical in shapre, a few arc

cylindncal, noteworthy of the latier being
Sujala Foot Valves. Therc are synthetic
rubber foot valves .also available in the
market. They are advantageous in being
rust free but suffer from the undesirable
feature of causing heavy pressurc loss
lo an extent of three meteres of waltcer.

METHODS AND MATERIALS

The fool valve is a sort of check
valve filted at the basc of the suction
pipe. The fool valve consists of casing
or dome, valve system and strainer,
Nomally the loot valve is made up of
cast iron o be cheper and corrosion
[ree. The shape of the casing or dome
may be eylindrical or hemispherical. The
top porlion of casing or dome cnds with

1 Assistant Prolessor, (Soil Waler Conservalion Engineering), Soil Salinity Research Cenire,

TNAU, Trichy - 9. =

2  Professor and Head, College of Agriculwral Engincering, College of Agricultural

Engincering, TNAU, Coimbatore - 641 003,


https://doi.org/10.29321/MAJ.10.A01691

504 MUTHUCHAMY and CHANDRA SEKARAN

threaded or flanged coupling and (his
would be fitted with the bottom end of
the suction pipe. The casing and the
strainer arc coupled logether by means
of bolts and nuts. The valve sysiem is
of leather washer or rubber washer with
a dead weight on top. The valve opens
upward only during pumping and rests
on the annular projection inoff-condition.
The cast iron dome is detachable from
the top end of the strainer. In some
cascs the dome is rigidly fixed with the
top of the strainer portion. The valve is
having [ree hinging arrangement with
the Washer. The valve washer is detach-
able from the annular platform. The
other side of the valve washer is [fitted
by mcans of bolt and nuls sandwiching
between the casing and strainer, Normally
the valve opening will be in the centre
ol the leather Map. '

In some cases the opening will be
cecentric and the valve washer will be
hinged by mecans of iron plate with
casing wall. Instcad of lcather washer
hinged at onc cnd of washer, poppet
valve arrangement may also be used.

Locally available foot valve

The study was taken up lo analysc
the performance of locally available fool
valves, 1o identify arcas ol deficiency
and incorporale any modification or o
[abricate new types of loot valves if
necessary. With this view in mind, the
locally available foot vilves were [irst
lested to study their perormance. The
very commonly used fool vilves of sizes
21/2", 4" were Lested in the luboralory.
The ratio of the strainer opening arca
to strainer surface arca and the rtio ol
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valve opening arca 1o ils suclion cross
scction arca were computed and pressure
loss thal look place in the foot valves
were observed. With a view (o increasc
the strainer ocning arca as a desirable
feature, additional opnings were made
at the base of the cylindrical fool valves
with the help of the drilling machine.
A class of eylindrical loot valves were
also designed incorporating larger
straincr opening - arcas. However (he
lcather [ap assempbly was relained as
in the Sujala Lype. These new cylindrical
valves were lubricaled with vertically
urrangcd rods welded wilh circum{eren-
tially arranged rods. The basc of the
valves was of a circular plate with holes
drilled oniL. In some of the cxperiments,
since the holes were Iell Lo be too large
in size, the strainer was covered wilh
different lypes of wiere meshes and
coconul pannadai (leal sheath) 1o prevent
the entry of floating malenals into the
suction line. This caused a slight increase
in the pressure loss, In some of the
cxperiments, the straincr domec  was
removed keeping only (he fool valve
assembly in (he suction pipe line. In all,
the total number of the experiments was
forty. In the course of the experiments,
waler was pumped from the sump with
a five horsc power centrigugal pump
and recirculated back, The suction pipe
linc was 3" in dinmetler and delivery
21/2". The discharge pumped oul was
metered by actually collecting in a tank.
The pressure loss in the ool valve was
observed on the manomeler. An equation
wis oblained to work out the pressure
loss using the observed data, Considering
lwo points for this purpose, One at the



Development OF An Emperical Equation For 505
Computing Pressure Loss Of Foot Values In Pump Sets.

entrance to the foot valve and the other
at the outlet of the foot valve and
applying Bemoulli’s theorem, we get

‘ 2
Ha+X=Hs+V_s.+hr
2

» But Hs = Ha + H - 136
AH-(H-AH) + W' [(H-AH) + Y+X)]
That is, Hs =Ha - 12.6AH-H,

(W' =0)

Eliminating ‘Hs’ and rearranging
for ‘hf’
2
W=+ 126AH - 2
2g
Where hf = head loss due 1o oot
valve, m

X = Submergence of fool valve
tapping, m

Hs = Suction vclocity, m/scc
W' = Weight density ol air

A = dilferential hcad in the
manometer, M.

Ha = Hcad duc o atmosphere, M

In this analysis, the weight of the
air column from the manometer (o Lhe
outlet point of the valve is ncglecled.
Hence headloss can be experessed as

2

B= -}gz-zltf:x-rlZ.ﬁAH:%,é-

Where ‘K’ is the resistance cocfTi-
cient and *V' is Velocity of the liquid
(o be pumped. This resistance cocflicient
‘K' can be detenmined with the com-
putation of velocity head V2/2g and the
observed pressure head b

RESULTS AND DISCUSSION

Onc of the important factors affect-
ing the pressure loss: is' the strainer
opening arca in comparison with the
domc surfacc arca. This valuc was
worked out for the different valves and
the same [umished in Table (1). For
21/2" foot valve the maximum surface
arca was 453.96 ¢cm? in the case of
locally available foot valve manulactured
by Mohan Kumar and the minimum was
311 cm? in the casc of Sujala foot valve,
Howecver, the maximum strainer opening
arca was 256 cm? in the case [abricated
foot valve and minimum was 94.20 ¢cm>
in the case of Sujala foot valve. By
combining the surface strainer arca and
the strainer opening arca, minimum value
for (S/A) was obtained as 0.12 for the
casc of Mohan Kumar foot valve and
0.63 Tor the casc of [abricated foot valve.
Like-wisc, a minimum valuc of the ratio
of valve opening to the suction cross
suction arca was 0.63 for the Mohan
Kumar foot valve and 2.56 for the casc
of labricaled foot valve. Since the values
ol these two ratios are high in the case

of fabricated fool valve, the performace

of this should be beiter than others. The
hgichst pressurc loss ‘was observed in
the Mohan Kumar foot valve and the
lowest in the case of fabricated foot
valves.

In the casec of 3" foot valves a
minimum strainer surface arca was
obatined in the case of labricated loot
valve wilh a value of 204.98 cm? and
a maximum value of 508.93 em? in the
casc of Dhandapani Foundry [oot valve
and Mohan Kumar foot valves. However,
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the minimum value of strainer opening

arca was 45 cm? in the casc of synthetic

Rubber foot valve. But more importantly
the S/A ratio value was maximum al
0.98 in the case of fabricaled lool valve.
In the samc way, the ratio of Ofa was
minimum at 0.87 in the case of Mohan
Kumar and Dhandapani Foundry [oot
valves and maximum in the case of
Gowri foot valve. It may be noted, in
respect of Ofa ratio, the optimum valuc
of around 1.0 is more desirable than a
value cven greater than one, If this ratio
value is less than 1.0 it means Lhal the
flow is divergent and if ils grealer than
1.0, the flow is convergent both of which
arc not desirable from the point of view
of pressurc loss. However il the ralio
is 1.0, the flow would be straight and
the cxpecled loss also would be small.
A value of 0,99 has been accomplished
in all the four fabricatcd fool vaves; il
may be also remarked that the different
values of strainer surluce area were
obtained in the casc of [abricatcd (oot
valves by allering their lengths. In the
case of 4" foot valves, the maximum
and the minimum values ol Lthe S/A
ratio werc 0.3 and 0.96 respeclively and
they were found to occur for the fabricated
foot valve. As before, a value of 0.99
was obatined for O/t ratio in all the
four [abricated loot valves.

Theoretical Analysis

The method of dicmnsional analysis
was cmployed to arrange the different
factors allccting the fool valve pressure
loss und also 1o carryoul experiments in
a methodical way. The lactors identilied
were the strainer opening ara, (the strainer
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surface arca, lcather opening arca, suclion
pipc cross sectional arca, viscosily. of
liquid, roughness lactor, weight density
ol liquix, inclination of the lcather Map,
velocity of flow, acceleration duc to
gravity and diamcicr of the suction pipe.
Checking the dimensions on either side
and arranging lhem in dimensionless
form, the pressure loss ‘hi” for the foot
valve was obained as

=f(Y. § & __pg E
K_J-[qg_d"‘"“'m'dd;&'a‘”J

- (1)

Where K = coelTicient ol resistance (-)

V = Velocity of flow at the foot valve
wt!

d = diameter of the suction pipe (L)
S = Strainer opening arca (Lz)
O = Valve opening arca (Ll}

A = Surface arca ol sirainer ol fool
valve (L2)

a = Suction cross scclion arca (Lz}

= d}ynumic viscosity of pumping [luid
LT

Q = angle of inclination when the valve
is opening upward

E = Roughness duc o projeclions in
the inner side of pide wall (L)
P = Weight density of liquid (ML™)
Though visosity is a key [aclor
alfecting the frictional loss, the clfect
is merged in the coclficient involved in
the dimensionlcss equation, in as much
as it is a constant for the only liquid
namely water that has been used at room
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temperature. Owing to the difficulty of
estimating the roughness factor ‘E’ and
the angle of inclination '®’, they could
not be considred for analysis. However
the ratio of strainer opening arca to
strainer suface area and the ratio of
valve opening area to the suclion pipe
cross section area could be included in
the theoretical equation and their effect
quantified. The final non-dimensional
equation (1) could be simplificd as

=f. 5 O
K=fyg 2 7@

This may be also rewritten in the
form

<= ofa) () (-

C2 = coefficient (computed from
log sheet as ‘intercept’)

m,n,p = Indices. (Compuled from
log sheet as slope of respective strainght
lines)

By conducting experiments on dif-
ferent foot valves having various values
of (S/A) and (Ofa) and observing the
pressure loss within them, the cocfTicient
as well as indices can be evaluatcd from
log sheets. The resistance coelficient ‘K’
can be used for prediclion purposc.

For constant valucs of Ofa, equal
to 2.56, 0.99, 0.87 the values of K were
plotted against the values (V/y8) for
different parametric values of S/A. When
O/a and S/A were considered with their
constant values, cquation (3) degencrated

as K = Co (ﬁ-&-]“.'rhis ploted as straight

lines on logrithmic sheets, From these,
the values of 'm’ were computed as the
slope of different lines taking a full log

cycle for ;;;% The -intercepis on 'K’

. : N :
axis corresponding 1o @ equal to unity,
fumnished the values of Cp.

The values of 'm' did not-show
anyu syslemalic variation with respect
to cither S/A or Ofa bul they sccmed
Lo have a constant value of -0.1. However
the values of Co varied with (S/A) for any
particular values of (Ofa). That is, Co could
be of the form Cp = Cp (S/A)"

The above equation ploted as a
straight line in logrithmic sheet for
different parametric values of )/a. The
slopes of the straighit line gave the values
of 'n’ and they were essentially constant
having a value of -0.7. The intercept
values varied implying they depended
on Ofa. That is Cy, could be of the
form C; = C2 (0/a)P,

Another grapth was plotied con-
necting C1 and Ofa. The slope of this
line was found 1o be -0.1 with intercept
value of 3.5. Estimated values of m,n,Ca
and 'P’ are given in table (2). Feeding
back the valucs of C2, m, n, P in cqualion
(3) we get

‘ L v J"me-uj[-s_ ]—{L? ( g)—ﬂl
~(Ved A A

This is the final equation obtained
lo depict the inter-relationship between
‘K" the frictional resistance coelTicient
on one side (V/sqrt gd) the velocily
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head, S/A - the ratio of valve opening
arca to the suction pipe arca on the
other side. Reynold's number apparently
scems to be absent. In as much as the
Reynoldls number also is a function of
‘V* for a constant value of y, the Froud
number which involved the clocity may
be also considered as the substitute. The
above equation can be used for cstimating
the value of ‘K' knowing all other
variables.

CONCLUSION

The improved foot valves have the
values of 1.0 to 0.19 for S/A and 2.56
to 0.99 for O/a. However the mostly
used hemispherical convntional foot val-
ves have values of 0.12 to 0.34 for S/A
and 1.6 to 0.81 for O/a. Duc to this
improvement, the pressure loss could be
reduced to 0.3 to 0.5 m from the average
the pressurc loss could be reduced lo
0.3 10 0.5 m from the average value of
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1.25 m noticed in the casc of conven-
tional foot valves. The Sujala Typc of
foot valves which are cylindrical in shape
also have been improved upon by
incrcasing the slrainer opening area
through putting more holes at the circular
basc plate. This resulted in the increased
values for the said ratios.

For formulating an cmpirical equa-
tion bascd on dimensional analysis, the
S/A and O/a valucs were combined to
have i sysiematic permulation and com-
bination. Finally and cquation in the
form.

K= 35 x (T;Ld.)»t.ox (% ]_0'7 (%)—0.1

has been arrived at. This cquation can
be advantageously used for compuling
the pressure loss in fool valves while
designing a pump or while selecling and
using a pump.
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