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Abstract. Four shaped models of delivery valve had been investigated and compared to improve performance of a hydraulic ram.
Hydraulic ram pumps have been constructed and operated. Most of them built locally using steel pipe fittings that commercially
accessible in the market rather than factory-made one. These have assisted inhabitants in rural or hilly area where water sources
available for water supply services or irrigations. However, the major problem challenged by the public was on designing and
repairing of the impulse and delivery valves of the pumps. Performance of the pumps are affected predominantly by the both
valves. One characteristic of the valves is their shape. Considered on the characteristics of the fluid flow through surface of plate
and sphere object are different on the pattern and losses. Therefore, investigation is necessitated to find a proper shape of the
delivery valve for enhancing the performance of the pump. In this research four valve models were experimented to assess the
hydraulic ram pump performance on varies delivery heads. The results show that the sphere model of the delivery valve offered
the best efficiency, then followed by the membrane, the half-sphere and the flat delivery valve models. However, the rounded
model: sphere and half-sphere delivery valve model were facing obstructions in implementation for a high delivery head.

Index Terms— Delivery valve, hydraulic ram, flat valve, membrane valve, sphere valve, half-sphere valve.

. INTRODUCTION

hydraulic ram pump is a mechanism which apply an

appropriate technology for pumping water from lower
to higher elevation. Basically, the construction of the pump
is simple, it is equipped with a couple one-way direction
valves that well-known as waste and delivery valves. The
both valves mechanism triggered a high pressure surge or
water hammer because of the waste valve closing suddenly
then a fraction of the source water transmitted to higher
altitude [1]. The pump is driven by hydropower itself
therefore there is not any fuels or electricity consumed. It is
fully a renewable machine [2]. Although since 1776 the
pump was invented by Joseph Michel Montgolfier, and had
been momentarily popular in a couple decades, then it
respected obsolescent with the broad accessibility of
electricity [3]. It is also environmental friendly and required
minimal cost of construction and operation. The hydraulic
ram can be installed in remote area to supply water in
between different altitude at constant flow rate. It is
completely green, and in accordance with the principles of
sustainable development. Therefore, it is interested to
develop in energy crisis faced today.

P-ISSN: 2579-597X, E-ISSN: 2579-5988

Fig. 1. Hydraulic ram implementation.

Recently, when the energy crisis struck the world and the
renewable energy is concerned, the hydraulic rams were
interested due to its practical installation in remote areas of
developing regions, including in Indonesia. In the present
study, the hydraulic rams were planned, fabricated and
analyzed [4]. This device could be utilized for the supply of
fresh water in some areas for daily household and irrigation.
For instance, it was implemented for irrigation of lands in
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Northen area of Thailand [5]. In addition, the authors have
been designed, constructed and installed fours hydraulic ram
pumps on hilly regions in Bali province of Indonesia for a
clean water supply and irrigation. For instance, a big size of
hydraulic ram had implemented the pump for transmitting a
river water for water supply system in Tabanan district of
Bali province [6], as shown in Fig. 1. Moreover, in 2019, it
has been implemented for academic tourism destination at
Tukad Unda in Klungkung area of Bali province.

A hydraulic ram system comprise of water supply unit, the
pump and delivery unit as shown in Fig. 2. Then, detail of
components of the pump was presented as in Fig. 3.
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Fig. 3. Detail parts of hydraulic ram. [7]

Experimental work of the phenomena occurring in
hydraulic ram throughout a single cycle work was studied
based on the pressure changing then the single cycle of the
pump was separated into three major phases: acceleration,
pumping, and backflow [8]. They argued that the time period
of the impulse valve movement was approximately a ten
times lengthier than the delivery valve displacement period.
Obviously, the real time will vary on the particulars of
construction, specifically on the divergence in the masses of
the valve related to the power of water flowing cross the
delivery valve (9). The weight of the valve has the optimal
discharge point and the proper mass setting be able to

improve the efficiency up to 30% [10], [11]. Therefore, an
adjustable weight of the valve was proposed in designing a
hydraulic ram [12]. The pressure of water proportional to the
length of the drive pipe, meanwhile it increased the pressure
loss occurring [13]. Moreover, diameter of the drive pipe
affected the quantity of water flowing through the impulse
valves and efficiency of the pump [14]. A back-enlargement
on the hydraulic ram model was proposed to decrease head
loss and drag coefficient [15]. It would increase uniformity
of the water flow then improving its overall performance.
The optimal setting of the impulse valve was suggested at 68
beats per minute [16]. Different setting of the valve will
affect the water flow rate, therefore it recommended to
setting the impulse valve at 5 mm of its stroke [17]. The valve
stroke have correlation to the pressure profile that take place
in the hydraulic ram [18].

The present study was investigated the four models of the
delivery valve: flat, membranes, sphere and half-sphere,
which were operated in the hydraulic ram experimental
setup. Performance of the pumps were measured
experimentally. Further assessment was carried out on the
real implementation of the unit for more consideration. The
proper delivery valve shaped model was enhancing the
overall performance of the pump.

Il. METHODS

A. Design of the delivery valve

The schematic design of the study that has been
conducted is shown in Fig. 4. This research has been
conducted on the design and testing of the four delivery valve
models, as shown in Fig. 7 to 10.
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Fig. 4. Scheme of the hydraulic ram testing

B. Design of the waste and delivery valves

Design of the both valves were following the procedure.
For fluid flow was compressed from point 1 to point 2, the
continuity of equation is [19]:
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Q=A 1=A,, (1)
Where:
Q = fluid flow (m*/dt)
A2 = sectional area of the flow at point 1.2 (m?)
vi2 = flow velocity at point 1.2 (m/s)
The head equation for a constant flow from point s to
point d which is coupled with head losses is [20]:
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29 /4
+ +H,
29
Where:

zs = static head of pump suction elevation (m)
zqg = static head of pump discharge elevation (m)
ps = static head of pump suction pressure (N/m?)
ps = static head of pump discharge pressure (N/m?)
vs = dynamic head of fluid velocity at the suction
(m/s)
vda = dynamic head of fluid velocity at the discharge
pump (m/s)
Hp = pump head (m)
HL = total head losses of pump piping installation
system (m)
Friction losses in the pipe, then named major losses can be
calculated with the equation:
. ®)
L.Ma D 2g

Where:

f = friction coefficient of the pipe

D = inner diameter of the pipe (m)

L = length of the pipe (m)

v = velocity of the flow (m/s)

g = acceleration of the gravity (m/s?)
While losses in pipe fittings or minor losses can be calculated
with the equation: ,

HL.Mi =K %/F 4)

Where K is the loss coefficient of pipe fittings.

Output power of the pump (Water Horse Power = WHP)
is the power generated by the pump, which can be expressed
by the equation:

WHP =7.QH (5)
Where:
WHP = Water Horse Power (Watt)
y = fluid density (N/m?3)
Q = fluid flow rate in the pump (m%/s)
H = total head of the pump (m)

Power available on the flow of water supplied to operate
the pump proportional to the magnitude of volumetric rate

(discharge) of water supplied multiplied by the height of the
supply. Where the water supply capacity is equal to the
capacity of the waste water plus water pumping results. The
pump works by exploiting the power available to drain some
P-ISSN: 2579-597X, E-ISSN: 2579-5988

Qu = water pumping capacity results (m%/s)
Qs = water flow rate through out of the waste valve
(m3/s)

Hy = pumping head (m)

Hs = water source head (m)
While the volumetric efficiency is the ratio between the
discharge and the supply pump flow rate which can be
expressed by the equation: Q,

x100% )

Water hammer is the pressure rise due to the stoppage of
water suddenly. The amount of pressure that occurs due to
water hammer is:

Pp,=p.c.v, 9)

and E
c= 4 (10)

Where: P

Pn = water hammer pressure (N/m?)
Ve = water velocity to close the waste valve (m/s)

E =meduluy o plastigfy of water (N/m?)
p = density of water (kg/m?®)
¢ =sound velocity in pipe (m/s)

= 1440 m/s [21]

Bernoulli’s equation can be derived from the water
pressure acting on the valve when pressed, i.e.:

Where: Pp = Cf-pa -g (Hs - HLT) (11)
B, =water pressure at the valve (N/m?)
H;r=total head losses (m)
H; = head of water resources (m)
= density of water (kg/m®
Bo 2 Ry oo 69D 35
The acceleration force of water in drive pipe can be

derived from Newton’s equation: dv
F=m.a=p .A.L._ (12)
a N S a N N
Where: ) dt
F, = accelerating force of water (N)

mg = mass of water accelerated (kg)
as = acceleration of the water flow (m/s?)

p. = density of water (kg/m®)

Ly = Iengith of pipe (tm) . . .
Then, acceleration of thé flow in the drive pipe can be
governed by: 2
Lo oL
Where:  Hs = pg2g=Z (K as (13)
29
f

of the water to a higher place. So the total efficiency
of hydraulic ram is expressed as the D-Aubuission:



a; = acceleration of the water flow (m/s?
He = ﬁead ofa water resources (m? (M/s’)

Ls = length of the pipe (m) Ds
= diameter of the pipe (m)
o= —SaHa 1000
(Qd + QW)H s
Where:

(6)

= velocity of water flow (m/s)

v
K =loss coefficient of fitt
Acceleratfng fe 'S I

valve. Valve closes if the drag force and a compressive force

equal to the weight of water in the valve [3].

in .
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2

F=C.pA., (14)
d d v

Where: 29
F,; =drag force on the valve (N)

C, = drag coefficient on the

valve

= 1.2 for elliptic cylinder
vs = velocity of the water flow
(m/dt)

A, = cross sectional area of the valve (m?
The acceleration period of tvhe [Iow is [22]:

Where:

T, = (15)

Kl‘zg H,

T, = acceleration time (s)
v, = water velocity to close the waste valve

(m/s)

L = length of the pipe (m)

{-IS) = static head of the water source
m

K, = coefficient, a function of the speed ratio
'f‘he quantity of the water flow out through the valve:
As v L 16)
Where:
Vo= K[ g 1
V, = volume of waste water exit valve (m°)
A, = cross sectional area of the pipe (m?)

K, = coefficient, as function of the speed ratio

ln[(1+a)
Kl = ln[coasakl]
-2
Where:a =
oo K= a2
Pumping time is expressed [22]:
2NL (17)
Where: T, c

T, = pumping time (s
N = Amount of beatg %er second

The qﬁaor{ﬁf‘)slu(gF HéVWa gr'?%% g@@ch pumping cycle:

Va .vcz

Where: v, = d (18)
2g .H

V, = volume of each pumping cycle (m®)

V; = volume of discharge pipe (m?)

Hy = pumping high (m)
The total cycle time (To) assuming zero recoil time:
Tyo= Ta+ Tp (19)
The quantity of the water flow out through waste valve
in m%/s [Young, 1997]: v
Q == (20)
TU
While the quantity of the Véater dglqivered to reservoir is:

w

d
MMWBQHKMM&Q%WMW out of the

o vpo = V2.9.Hywy (25)
Loss coefficient on the valve is: D
K=0.75+0.155 ()2

(26)
Where: Sv
K =loss coefficient of valve
D, = diameter of pipe valve seat (m)
Sv = steﬁ length of valve (m)
Step length can be calculated u§/ing equation [20]:
_ App X Vpp”
@7)
Where: Lsc mxDw x
= Vmax

Lsc = step length of valve (m)
App =areaof pump body (m?)

Vip = water velocity in pump body (m/dt)

w2 = diameter of waste valve (m)

Fig. 5. Flow line lat shaped valve

Water flow past the plate is shown in Fig. 5. A
discontinuous potential flow theory which takes into account

the separation of the flow created by Helmholtz in 1868 and
Kirchoff in 1869. Completion of this free flow lines shown

in Figure 3, with flow lines that deviate from the plate edge

constant speed. This gives the overall drag coefficient of 2.0,
according to the results of the experiment. However, the

coefficient k is not known in advance, and must be adapted
to the measurement data, so the theory that the free flow of
results will be limited.
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Fig. 6. Equilibrium of the forces on the sphere

Qs = Qw+ Qu (22)

The relationship between the valve mass and the water

flow velocity across the valve can be calculated using
equation (Rajput, 2002):



showhem g alance of the force on the sphere valve as
F, + Fgq + W=P;,+ F(iﬁ

8) This research has been made on the desig\;/r;31 r?gts

shaped of the valves. Based on the calculation of
initial design, the waste and the delivery valve models

vpo® M (23)

2g T phv
Where the water velocity flow through the waste valve is:

has been designed including: flat, membrane, sphere and
half-sphere models for the hydraulic ram. Models of the
delivery valve has been created and tested as shown in Fig.
7 to 10. With a flow rate of 1 litres/second of water
sources then the drive pipe inner diameter was 38 mm.
Therefore, the waste valve

dimensions are:
e Valve hole diameter, Dyk = 38 mm
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e  Valve disk diameter, DpkL = 58 mm

e  Step length (stroke), Lsk. =28 mm

e Waste valve mass, mxL = 220 gram

In the other hand, the delivery valve dimensions are:
e Valve hole diameter, Duxt = 40 mm

o Valve disk diameter, Dpkt = 62 mm

e  Step length (stroke), LskL =45 mm

e Waste valve mass, mkL = 1000 gram

Fig. 10. Half Spherical valve model

C. Testing Procedure

The experimental works were carried out following the
systematic procedure. The first model of delivery valve
investigated was the flat model, then followed by the other
model with similar steps. The height of the water source (Zs)
was 4 meters, and the drive pipe length (Ls) was 20 meters.
Then, setup height delivery elevation (Zq) of 10 meters. The
supply thank filled with water and kept on overflow by
feeding continuously for constant level. The gate valve
opened to drain the water from the tank through the drive
pipe into the inlet of the pump. The pump cycle work have
to commence by opening and closing the waste valve so that
the pump can work automatically and continuously, then let
the pump run for a while till in a stable work. Experimental
data such as the time for which the volume of 20 liters of
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water out of the waste valve (Tw), the time for a volume of 3
liters of water that comes out of the tap pipeline (Tq) and
press the pipe length (Lg), the pressure on the manometer ,
and the frequency of the pump duty cycle (f) recorded. The
previous steps repeated for three times. Whole the procedure
steps were repeated for the other static delivery head (Za):
15, 20, and 25 meters.

I1l. RESULTS AND DISCUSSION

The experimental works have been done then the data of the
test results obtained, then they were processed to get the
performance of each model applied in the hydraulic ram.
Based on the results of data processing the performance of
the pump were presented as in Fig. 11 to 15, then comparison
among the valve models have been identified.
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Fig. 11. Comparison of the results of pumping water discharge

Fig. 11 shows that the delivery discharge (Qg) of the
hydraulic ram equipped with the sphere delivery valve
model, in general, provided a greatest pumping discharge
while the flat model performed the smallest pumping
discharge. These were due to the flat disk of valve has larger
drag coefficient than sphere therefore the flat valve smaller
flow coefficient. In addition, the higher delivery head (Hqd)
generated a smaller pumping discharge. It was agreeing to
[14] results which stated that the delivery head and the
pumping flow rate have inversely relationship.

35 4

35
- )
= - . . ~
] — .:\—- o
2 25 y- _—. —
a = ey
5 el e -~
a - -
3
15 : ; :
2.50 3.75 5.00 6.25

Head ratio

—l— Flat valve ==A== Membrane valve ==® Sphere valve === Half-sphere valve

Fig. 12. Comparison of the output pumping power

Furthermore, the hydraulic ram with rounded shaped
model of the delivery valve: sphere and half-sphere models
offered a greater pumping power (W4q) than the other models



as shown in Fig. 12 because of the rounded objects are facing
a lower head losses. Generally, the higher of the pumping
head, the smaller the pump output power generated. This is
because of the higher the pumping head have lengthier pipe
which causing a higher head losses as well.
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Fig. 13. Comparison of volumetric efficiency

Fig. 13 presents that the higher the pumping head or
delivery head was resulting a smaller volumetric efficiency,
because of it was accorded to the power formula at an equal
power, the flow capacity and pumping head have inversely
relationship. The sphere valve model performed the highest
volumetric efficiency, followed by the membrane model.
Interestingly, the half-sphere model offered a low volumetric
efficiency because of its shape which was facing obstruction
in its movement, where the edge of flat face of the valve
disrupted to the valve housing.
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Fig. 14. Comparison of the total efficiency

Due to the sphere valve model performed the highest
delivery flow rate and output pumping power, hence, it was
offering the highest total efficiency (n:) as shown in Fig. 14.
The efficiency was about of 65-80% which was in the range
of [23] results, even the sphere valve model achieved more
than the range for the lower delivery head. This model
provided 10% up to 25% higher efficiency that the flat one.

Based on the comparison to other work results which were
confirmed, it indicated that the results of the present work
were valid or appropriate. Therefore, it can be stated that the

shape of the valve affected the overall performance of the
pump. However, it need further investigation for its
implementation.

The sphere model of the delivery valve had been
implemented instead of the flat model in the hydraulic ram
that utilized to supply clean water in Catur village at
Kintamani — Bangli. This pump was operated at 6 meters
supply head and 110 meters delivery head. However,
implementation of the sphere delivery valve model for a high
delivery head experienced several disruptions. Among
others, the valve could not closed tightly and the sphere of
the valve generated a rough noise as a results of the sphere
was spinning when they moved. Moreover, the sphere valve
model was facing difficulty in built the sphere shape in
fabrication stage. Therefore, for the moment, the membrane
delivery valve model more preferred in implementation for
the high delivery head. The reasons were simplicity in
fabrication and it offered better performance than the flat
model.

The implementation has faced obstruction in designing
and setting of their valves because of there were not a
specific guideline in literature. Due to large dimensions and
work on high head, according the Pascal law the valves
receives a large water hammer pressure proportional to the
area of the valve disk, so it is a key parameter in designing a
hydraulic ram. Although the pump operated well, but due to
high head pressures and wide cross-sectional area resulted in
a high surge pressure to the valves which affected the valves
were broken. Therefore, it is necessary to find a solution to
avoid the rapid deterioration of the delivery valve, once was
by using a membrane valve which the valve encountered a
relatively small force impact.

IV. CONCLUSION

The experimental results of this preliminary study show
that the shape of the delivery valve was affecting the
hydraulic ram performance. The sphere shaped model of the
delivery valve offered 10% up to 25% higher efficiency that
the flat model for a low delivery head (up to 25 meters).
However, this model still faced obstacles for implementation
on a high delivery head. Therefore, to date, the membrane
model was suggested for implementation on high delivery
head in term of its simplicity and performance. Nevertheless,
further research still desired for improving development’s
design of the sphere shaped model of the delivery valve.
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