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ABSTRACT

Electric pumps are a requirement in almost every location on the planet as water is to be pumped to higher locations for its
use in various activities. In places where there is no electricity, generators are installed to power the pumps. There is a
continuous consumption of costly energy in such a practice.

The aim of the project is to construct and design a pump that has practically no running cost and needs minimum
maintenance, simple in construction and fulfilled the required specifications. This was to provide isolated villages with water
and as a replacement to generator driven pumps that are used by farmers to water their lands.

To achieve this goal, various alternative pump designs were studied keeping in view the good and bad in each design. In the
end a selection was made on the basis of figure of merits of each pump design.
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I. INTRODUCTION

A hydraulic ram pump (also called hydram) is a pump that uses energy from a Falling quantity of water to pump some of it to
an elevation much higher than the original level at the source. The basic idea behind a ram pump is simple. The pump uses
the momentum of relatively large amount of moving water to pump a relatively small amount of water uphill. No other
energy is required and as long as there is a continuous flow of falling water, the pump will work continuously and
automatically. The hydraulic ram pump (hydram) is an alternative pumping device that is relatively simple technology that
uses renewable energy, and is durable. The hydram has only two moving parts: these are impulse valve and delivery valve
which can be easily maintained. Ram pumps have been around for many decades and are popular for two main reasons:
e They need no external source of power - the force of moving water gives them the power they need.

e They are extremely simple, with just two moving parts.

I1. DESIGN PROCEDURE

* Before a ram can be selected, several design factors must be known.

* The difference in height between the water source and the pump site (called vertical fall).
* The difference in height between the pump site and the point of storage or use (lift).

* The quantity (Q) of flow available from the source.

* The quantity of water required.

* The length of pipe from the source to the pump site (called the drive pipe).
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* The length of pipe from the pump to the storage site (called the delivery pipe).
* Once this information has been obtained, a calculation can be made to see if the amount of water needed can be supplied by
aram.

I11. DESIGN PARAMETERS

The detailed mechanics of hydraulic ram operation are not well understood. Several parameters relating to the operation of
the hydraulic ram are:

* Drive pipe length (L)

* Cross-sectional area of the drive pipe (A)

* Drive pipe diameter (D)

* Supply head (F)

* Delivery head (E)

* Available flow through drive pipe (V)

* Pumping flow rate (Q)

* Friction head loss in the drive pipe

* Friction head loss at the delivery valve.

The formulais: Q = (V x F x 0.60)/ E

Where: Q = Pumping flow rate.

V = Available flow through drive pipe.

F = Supply head or Vertical distance between pump and source available.
E = Vertical distance between pump and storage tank
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Fig. 1: Hypothetical Hydraulic Ram set up.
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V. BiLL OF MATERIAL FOR %™ INCH RAM PUMP

S.NO PART NAME QUANTITY
1 Valve %’ 1
2 Tee ¥’ 1
3 Union %’ 1
4 Swing Check Valve %’ 1
5 Spring Check Valve %’ 1
6 Tee %2 1
7 Valve 12"’ 1
8 Union 2’ 1
9 Bushing %7’x 12’ 1
10 2’ end cap 1
11 2’ x 28’ pipe 1
12 Drive pipe 3/4” x 10 1
13 Delivery pipe ¥%2”” x 15’ 1
14 Delivery pipe 2’ x 15’ 1
15 Delivery pipe /2’ x 15’ 1

V.CALCULATION

Estimated output:

Q = (Fall * Volume * 0.60)/Lift
= (1.52* 2.5 * 0.60) / 4.57
= 0.5 gpm

Supply pipe

. Drive pipe
"1:;\‘\‘ — V=25gpm

Source flow

Delivery pipe
Q =0.5gpm

T~

Hydraulic
Ram pump,
3/4"™ inches

E=4.5Tm
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e Inlet pipe diameter = 0.75 inch = 0.019m

e  Outlet pipe diameter = 0.5inch = 0.012m

e Length of drive pipe (150 < L/D <1000)
L = D*150 =(0.75*150)/12

=0.37
~10ft (= 3.04m)

e Height of fall, F = 5ft = 1.52m

e Height of elevation, E = 15 ft =4.5m

e Length of delivery pipe = Sinf = P/H
Taking 0 = 6(°

Sin60'= 15/H
H =17.3ft (= 5.2m)

Available flow, V =7 I/min

Volumetric flow rate through delivery pipe, Q = 1.5 I/min

Efficiency,
n = Q*E/V*F
= (1.5*15)/(7*5)
=0.642
n=64.2%

e Velocity of fluid flow,

Vi = Q/Aq
= Q/(n/4d?)
\2 =244 m/s

e Reynolds number,
Re =Vg/v ( v=kinematic viscosity at temperature 20°C is 1.004*10° m?/s.)
Re =2.44*10°1.004
=2.43*10°

e  Frictional factor,
f =0.316/ (Re"®)
=0.316/ (2.43*10%°%%
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=7.99%10°

e Headloss = (fL/D)*(V/2)
= ((7.99*107°*10*12*2.54/0.75*2.54))*(2.44°/2)
=3.80cm
=0.038m

V1. CAD MODEL

Fig 2. CAD Model

Fig 3. Manufactured Hydraulic Ram Pump
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VII. RESULTS
7.1 Observation Table

Table No.1 Result from given data
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Sr.no. Length of drive pipe (m) Elevation Height (m) Outlet flow rate (I/min.)
1 3.04 3.86 1.77
2 3.04 4,57 1.50
3 3.04 5.18 1.25
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Fig. 4 Graph between Variation of Rate of Outlet Water Flow with the Change in Elevation Height

VIll. CONCLUSION

The present study is centered towards the development of a hydraulic ram pump that would conveniently alleviate the
problem of water supply to the mass populace. Ideally, different combinations of the supply and delivery heads and flows,
stroke length and weight of the impulse valve, length to diameter ratio of the drive pipe, volume of the air chamber and size
of the waste valve, etc. were tried to come up with an optimum size of a hydram pump presented in this study. Water
conservation and sustainable energy is one of the very important thing especially in rural area, therefore the design of hydram
plays an important role to lift the water without the aid of external means. Also the installation cost of the entire setup is very
less, compact & simple. It could be tested at the region where the horizontal water stream flow has greater pressure and
velocity. Steady flow energy equation could be adopted in order to determine the velocities at various points since the
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discharge at various points in the set up doesn't remain constant. Variation in the diameter of the air chamber will change the
outlet pressure and the discharge. Therefore an optimum dimension could be determined by experimentation. By providing
water recirculation system maximum wastage of water is prevented which is vital in rural areas.
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