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HYDRAULIC RAMS

In 1987 Peter de Joag of CICAT (the coondinating venue of the development
cooperation effort of Deift University of Technology) published: "Hydraulic Rams,
a conswmes’ guwde”.

This guide summanized the results of research on hydraubic rams, comimissioned by
the Scctiion of Rescarch and Technology of the Nethertands Ministry of Foreign
Affaus.

The research compnised comparanive tests of commercually available and newly
designed hydraulic rams, and was camed out by the Delft University of Techaology
and n the ficld 10 Rwanda,

The laboratory rescarch has been repord upon it "'World Pumps” (July 1989} by 1r.
JHPM Tacke and ir. C. Verspuy. This booklet 1s based on that article.
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HYDRAULIC RAMS

Introduction

The hydraulic ram is an astomatic water
pumping device that utilizes the energy
contained in a flow of water nianing
through it, to Iift a small volume of this
water toa higher level. The phenomenon
mvolved is thai of a pressure surge which
develops when a moving mass of water is
suddenly stopped (waterhammer )

Hydraulic rams can be used for pumping
drinking - water from a spring of siream to
a tank of reservoir at a higher lcvel. A
steady and rehable supply of water 1s
required with a fall sufficicnt 10 operaie
the ram. Favourable conditions are mosily
found in hilly and mwountainous arcas
with fairly pleniiful supplies of water, A
weli-made ram will pump an appropnate
amountof waier ta a height from about 20
10 JO uiines the supply head, with an etfi-
ocncy of about 60 to 70 per cemt. Alier-
nauvely, hydraulic rams can be used for
pumping water 1o low heads over large
distances (up 10 10 km or more}, 1e.
verucal lfi can be waded off for horn zon-
) distance.

In the past yuste a number of hydraubic
rams have been installed and many have
given long and reliable service. But in
modern times the availability of piped
water sysiems using engine-driven pumips
has selegated the hydraulic ram 10 a
comparatvely unumporiant position.
Receatly, though, it has revived as a po-
tennally useful component in rural water
supply programs in developing countnes.
Yel. up 10 now the use of the hydraulic

ram in developing countries has not be-
come as widespread as its simplicity,
case of opcration and pRintenance, de-
pendability and economy would scem to
warrant. This has largely been due 10 the
Lack of reiiable information conceming
the limiting conditions under which the
ram is appucable and ihe phenomena
goveming its action.

In tus anicle the essential feaures of
hydraulic ram operation are described,
using a hrmited number of expenimental
results. These resulis are pant of the (¢
sults obtained from a comparative inves-
ugation on commercially-avalable hy-
dravlic rams, carmed out at the Delit
University of Technology (lie. {4]).

Mode of operation

Fig. 1 shows the vanous componems
trom which a typical hydraulic ram -
stallatson 1s construcied. supply reservoir
- dnve pipe - hydraulic ram - delivery
pipe - storage tank, The hydraulic ram
uself is structurally simple, consisung of
a pump chamber fited with only two
MOVING pans: an impulse valve through
which the dniving waier is wasied (wasie
valve) and a check valve through which
the pumped water 15 delivered (delivery
valve). Sunmounting the delivery valveis
the air chambkr or surge 1ank. When the
ramoperates this1ank is partly fitled waith
water and panly with ai-. Connccted 0
the air chamber 15 the delivery pipe, so0
that the pressure in the air chamiber 1s the
delivery pressure. An inchined condut,
the so-called drive pipe, connects the ram
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body with the water supply. This drive
pipe is the essential pan of the instalia-
tion in which the potemial encrpy of the
supply water is frst convernted into ki-
netic energy and subsequently into the
poiential encrgy of water delivered.

The ram operates on 3 flow of water
acceteraling under a head H, from the
supply reservoir down through the drive
pipe into the pump chamber. The water
escapes through the opened wasic valve
inta the swrounding area (Fig. 2a). With
the acceleration of the water in the dnve
pipe the hydrodynamic drag and pressure
on the waste valve will increase. Whea
the flow of water through the waste valve
anains sufficient velocity, the upward
force on the valve will exceed iis weight
and 1the valve will slam shut. (Ina good
ram design the valve closure is rapid,
almost wnstantaneous. )

Thus the Mlow through the wasic valve is
abruptly siopped, but since the columan of
watce in the dnve pipe sull has a consid-
esable velocity a high pressure develops
in ihe ram, locally retarding the flow of
water. If the pressure nise is large enough
o avercome the pressure inthe air cham-
ber the delivery valve will be forced open
(Fig. 2b), which in turn himits the pres-
sure N3¢ in the ram body to shghily above
the delivery pressure. The front of 1his
pressure nise travels upsreans, panly
reducing the flow velocity 1n successive
Cross-seciions of the dnve pipe as u passcs.
In the meantime the remainder of the
flow passcs through the opened delivery
valve into the air chamber. The air cush-
100 permmits wzles 10 be stored temporar-
ily 1a the air chamber with only a com-
panively low nse in local pressure, thus
preventing the occurrence of waterham-
met (shock waves) in the delivery pipe.
With the propagauon of successive pres-

sure suzges up and down ihe drive pipe,
walcr contnues o {low into the ay cham-
ber with step-wise decreasing velocity
unti} the momentum of the water column
in the drive pipe isexhausied. The tagher
pressure which now exists in the air
chamber causes ths delivery valve o
close, thus preventing the pumped water
from flowing back inw the am body,
while the water in the drive pipe is flow-
ing away from the ram in the direction of
the supply reservoir (Fig. 2¢). The recoil’
of water in the dnve pipc produces a
slight suction ia the ram body, thus creat-
ing an underpressure ncar the wasie valve,
The underpressure allows Ihe wasie valve
10 reopen, water sans o flow out agan,
and a new operating cycle begins (Fig.
24). Meanwhile the water forced into the
air chamber, is driven at 2 constant raie
into the delivery pipe to the storage tank
at the high level, from which it can be
distnbuied by gravitation as required.
An air valve of snifung-valve is mounted
itothe nm body 10ailow a small amount
of air 1o be sucked 1n during the suction
part of the ram cy~l¢. This air is camed
along with the next surge of waier imothe
air chamber. The air in this chamber is
always compressed and needs to be con-
staaty replaced as it become s mixed with
the waler and lost 10 the storage tank.
Without a sunable air valve the 3ir cham-
ber would soun be full of warter; the
hydraulic ram would then ccase to func-
Lion.

A scheman zed diagram of the velocity at
the downseam end of the drive pipe as
a funcuon of time is presented in Fig. 3.
The figure clearly piciures the three sub-
periods that can be disunguished in a
compicte cycle of operation:
T, = period of acceleraion (wasuing),
waste valve open, dehvery valve

CICAT/Delft Unsversaty of Tochnology 5
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closed: positive velocity {(towards
the rim).

period of retirdaivn {pumping);
waste valve closed, delivery valve
open; decclerating flow into the air
chamber.

period of recoil {reverse flow); de-
livery valve closed, waste valve
reopens; negative flow (towards
the supply reservoir).

During T, and T_the velocity u(t), theo-
retically described by a hyperbolic dan-
gent function, is almost linear; duning T,
the velocity u(t) decreases step-wise in
proportion 10 the delivery head b

Depending on supply head (H ), drive
pipe length (L), waste valve adjustment
and 10 a lesser degree on delivery head
(h,) the cycle is repeated with a frequency
of about 30 t0 } 50 1times a minute (period
T =0.46 - 2.005). Once the adjusiment of
the waste valve has been set, the hydrau-
lic ram needs almost no attention pro-
vided the water flow from the supply
ource is continuous and at an adequate
rate and ~o foreln matters get into the
eump blocking the vaives,

Physical descripiion

As became clear in the previous section,
the action of both waste «alve il deliv-
ery valve is of paramount importance for
a successful operation of the hydraulic
ram. A good impression of valve action
can be oblained by observing the pres-
surc vanations both at the downstream
end of the drive pipe. i.e. nearto the mm
(point A in Fig. 4a)and in the airchiamber
of the ram itself (point B). As an example
Fig. 4b illustrates pressure + time dia-
grams recorded simulaneousty at point
A and B of a specific am installation

operating under a supply head H = 3.00
m and 2 delivery head h, = 35 m. The
recording  ltength amply covers three
complete periods of the continuous heart-
beat’ of the hydraulic ram. The pressure
vaniations observed during the period of
retardation, are shown in dewil in Fig.
4c. It should be noted that the diagrams
portray the pressure variations as meas-
ured relative to the local quasi-static
pressure; besides, for convenience all
pressures were converted 0 pressure
heads (h = p/pg) before being plotted.

It can be scen from the figures that, in-
deed, afier arelative long period of accel-
cration a sudden pressure rise is created
in the ram body {motent of waste valve
closure). Within a few milliseconds this
pressurc rise drops to a value approxi.
mately equal wo the delivery pressure (h =
h,), thus indicating that the delivery valve
has opened. This may also be observed
from the pressure « me recording for the
air chamber, in which both opening and
closing of the delivery valve are dis-
tinctly marked by sudden pressure fluc-
wations, the first because of the sudden
Mow of water into the air chamber, the
latter due to the rebound of the water
tending to flow back out of the air cham-
ver. The propagation of successive pres-
sure waves, mMoving al an  acoustic
wavespeed (€) up zad dovin the drive
pipe during the period of retardation,
may b appaseni from wie pressure re-
cording at point A. (Noie: for water in a
stecl pipe the wavespeed ¢ = 1400 m/s.)
With the propagation of successive pres-
sure surges (each surge requiring 2L /c
second 1o move up and down the drive
pipe) the velocity of the waterin the drive
pipe decreases step-wise in proportion to
the magnitude of the pressure surge (h =
h,): Au= ¥/ b, see Fig. 3. Therefore, for
agiven waste valve setting (i.c. for known
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velocity u_of the weater in the drive pipe
ai waste valve closure), the number of
surges (N) observed during the period of
retardation is determuned by the delivery
head h, (when b, decreases, Au decreases
and N increases). In this case (h, = 35 m)
it was found that N = 3, see Fig. 4,
resulting in the velocity sieps as already
shown in Fig. 3.

From Fig. 3 two volumes of water can be
oy . ey Ty | \! man ol WP R .

CRIAUGMCO, v dlll V Uy micgrauon Ul
u{t) with rcschI 10 nme and multiplica.
tion by the cross-sectional area of the

drive pipe:
v --—-—.[ Iu(!)dl + Iu(l)dl

T,»T,

T, ' T,

I uq) di
T

ltD2

Va*—

Finally, from these expressions the waste
flow Q can be obtained from:

v

Q=

and the pumping rate q from:

v
=3
R ¥

Performance characteristics

For the end-users of the hydraulic am
installation the pumping rate q is the first
consideration, since this amount should
meet their demand. Given an available
source supply the pumping raie q of a
hydraulic ramis primarily deiermined by
the supply head H_and the delivery head
h,. As an cxample Fig. 5 shows perform-

ancecharactenistics compifed from meas-
urements taken on a commercially-made
2 '/,"-hydraulic ram operating under a
supply head B = 2.00 m. It can be seen
from the figure that the hydraulic raincan
pumpmuch water for low delivery heads,
but as the delivery head increases the
pumping rate decreases as might be ex-
pected. Fig. 5 also pictures efficiency
versusdelivery hezd; theefficiency curve
shows that this specific ram can pump
water with an cfficiency of about 60 %
over a broad range of delivery heads.

An increase of supply head H increases
the pumping frequency (more beats per
minute} ardd by that the pumping rate q
increases. This may be noted from Fig. 6
showing q,h,-curves resulting from ex-
periments cartied out on the same 2 Y/,"-
hydraulic am, for H = 1.35 m, 200 m
and 3.00 m respectively.

Commercially-made hydraulic rams are
available in various sizes, covering a
wide range of source supplies. The size
of the ram (traditionally given in inches)
usually denotes the nominal diameter (D)
of the drive pipe. The larger the size of the
ram the more water is required to operaic
the ram and the more water can be deliv-
ered to 2 higher level. For example, Fig.
7 compares ram performances for van.
ous arrangerrents of supply and delivery
heads for two rams of the same manufac-
tre but of different size:an 1'/,"-ram and
a 2'/,"-ram respectiveiy. It may also be
obscrved from the figure that a small
amount of water with ‘plenty’ of fall (¢.g.
Q = 40 Umin; H = 3 m) will deliver as
much water as an amangement using
plenty of water having only a small fall
(Q = 100 Ymin; H ~ 1.50 m).

Finally, eliminating the effects of supply

CICAT/Deift University of Technology 9
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head (H; and ram size (D) leads to a
dimensionless curve depicting flow ratio
(¢/Q) versus head rado (h /H ); see Fig. 8.
The objective of tins figure 35 o establish
trends rather than absolute values. The
figure iliustrates that for the higher sup-
ply heads the dimensionless ram per-
formances tend to be similar. (Some
divergence is observed for the lower
supply head, partly owing tothe length of
drive pipc used in the test installation
(approx. 12 m), which is somewhat on
the Jarge side for a supply head H = 1.35
m.)

It must be noted that the foregoing per-
formaance characteristics have been ob-
tained from experiments taken on two
commercial hydraulic rams ard in a way
are resiricied to these specific rams.
However, genemal conclusions on ram
performance as portrayed in the figures
may be found to be truc for any well-
designed ram, but the cxact shape of the
curves nd the magnitude of the numeri-
<al values will vary according 10 the
particular design. Detailed information
on performance characteristics of twelve
commercial rams are included in Jir. {4].

Summary and conclusions

In this anicle it is sought 10 clarify hy-
draulic ram operation, using 3 limited
number of results obtained from 2 more
comprehensive analysis (lit. [4]).

The hydraulic ram owes its pumping
capacity to two facts. For one thing the
actonof two(simply construcied) valves,
for another the high value of the
wavespeed (c) at which pressure waves
propagate through a linuid in a pipeline.
The latter implics t*ar :ne drive pipe of
the hydraunlic ram installation must be
made of swong, rigid material (small

clasticity), and that the water in the drive
pipe must be free ol air (small compressi-
bility).

Suaning fren the motion of the two valves,
the pumping cycle of 2 hydravlic ramcan
be divided into three (sub-)perioeds: ac-
celcration - retardation - recoil. For each
period the velocity of the water at the
down:stream end of the drive pipe as a
function of time is bric{ly discussed. With
the aid of high-frequent pressure record-
ings, special attention is paid to the pe-
riod of retardztion; it is in this part of the
pumping cycle that the actual pumping
takes place.

More information conceming a mathe-
matical model and results of laboratory
tests arc available (lie. [4]), butthereis a
lack of results from field tests.

Conclusions relating to the performance

chasactenistics of the Aydraclic ram are:

- given an available source supply the
pumping rate (q) is prmarily deter-
mined by the supply head (H) and the
delivery head (h).

- an increase of the delivery head (h)
decreases the guantity pumped percycle
(V) and by that the pumping raie (q)
decreases.

- an increasc of the supply head (H) in-
creases the pumping frequency and by
that the pumping rate (q) increases.

- the larger the size (i.c. drive pipe bore)
of the am, the more water (Q) 1s re-
quired to operate the ram and the more
water (q) can be deliveced to a higher
level (h).

These conclusions were found to be in
conformity with the fore-merzioned
mathematical model as well as with
experimental results. They can also be
drawn from the few resulis in this article
conceming one specific type of hydrau-
lic ram.

CICAT/Dclft Universuy of Technology 11
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1. Introduction

This report is the result of a project. called "comparative tests on

comunercial and newly designed waterrams”, carrled oul by the Delft

University of Technology and the Foundation of Dutch Volunteers in

Rwanda.

The aim of this project was twofold:

- 1o test new, and cheap (i.e. locally constructable and matntainable)
types of hydraulic rams,

- 1o compare several commercial types, in order te make a
“consurmers gulde” for developing countries.

At the Laboratory of Fluld Mechantcs of the Dellt University of
Technology the most essential aspects of the behaviour of
commercially available rams were compared. Valve behaviour, delivery
head. dellvered quantity and efficiency were accentuated.

Samples of the rams, tesied in the laboratory were checked tn Rwanda
on relability, durabllily and possibilitles for local maintenance.

2. Appropriate waler supply

A reliable water supply ts one of the basic neceds of people. It is a
rather cisappainting expertence to find a dried-up well aiter several
miles of walking, or to get just a few drips of brown waier out of an
cxpensive pump. Many people are dealing with this sort of problems,
especially 1n the arid areas of the Third World.

A tol of pumping systems were developed to fulflli this need:

# hand-driven pumps, using human energy to get water out of the
earth ar river into a bucket or to it water to a certain level {lnto a
storage tank) from which it can be distributed.

# an improvement Is found in using antmal traction instead of human
energy. Transmisslon is necessary, but outputs ~re live to ten times
greater than that of man.

# ihie next step is to use losstl fuels or renewable energy lor pumping.
Anlimals can be used for other activities, Instead of pumping lor
nany hours, the puainp can be used 24 hours per day amd dellvery of
Lirger quantities ot water are possible.

The punp tsctl, ol course, has 1o be approprlated to ts use and Lo Ity
energy systein. A donkey will pull harder than a man, the beats of a
diesel pumnp will etlect the pump In a totally diflferent way than the
constant rounds of the catile. The hand pump s a simple design,
means less maintenance and (s easy to repair. Diesel and electric
pumps are more sophistlcated, but they require technical know-how
and installation, malntenance and repair facllities.

Another disadvantage of dlesel and electric pumps, ts the dependence

on luel. Disruptions in the fuel supply will stop the pump and the total

waler installatlon.

For this reason ‘appropriate technologists’ have been looking for

renewable energy sources: solar, wind and blonlass energy and

hvdropower. Depending on the environmental and economlcal
situation and. agatn, the available factlitles, a chiolce can be made:

# solar energy (photovoltate cells, control device and a eleetric pumpl
requtres a high level of technical skills and Investinent. The syslems

Hydt ayitc rams, 4 Consumers gurde 2




can only be imported from Industrialized countries.

# wind energy (rolor, power transmission mechanism and a pump or
a wind-driven eleclro-generator and an electric pump) requires also
an inveetment higher than for diesel pumps, but has lower running
costs and It can have a longer service lfe. A suitable wind regime s
necessary; the average wind speed has to be higher than 3.5 m/s.

# blomass can be processed to combustible gasses or llquids. which
can be used as fuel for small englnes to drive water pumps. Spectal
energy crop production will be necessary most of the tune; a tralned
operator is essential. Due to the minimum size of a blomass plant,
such systems will not be adequate undes quantities of 150 md of
delivered water dally.

# hydro-powered pumping systems, which could be devided Into
three main types:

- turbine pumps, a water turbine with a centrifugal pump (flow of
river, siream or channei 15 m/s. drive head of at least 0.5 i},

- river current pumps. a vertical shaft rotor with transmission to a
small centrifugal pump on a Roating pontoon (e.g. flow of river 1.0 -
1.5 m/s, dellvered quantity 100 - 300 {/min to a delivery head of 5
m).

- hydraulic rams, a good seiuten if the conditions are lavourtable.

A more complete overview of the possibilittes §s given in ‘Renewable
Encrgy Sources for Rural Water Supply’ fhitt. 9).

3.Hydraulic rams

The deciston to choose rams could be made atter surveying the
situation, measuring the avatlable source supply. the obtainable supply
head and the required delivery head as well as some additional data.

If the basic requiremenis could be fulfilled and the possible site mects
its criteria {§ 5 and § 6], rams can be considered.

A final aspect of such a declsion is the price of the system (§ B).

In appendix A the operation of the ram Is described Including some
specifications of the normatly used charactertstics. Furthermore, a
comparison of rams in the laboratory and In the Held. as well as a
calculation example and adresses of manufacturers are given In the
appendices.

4 .Dascription of hydraulic rams

The various cemponents [rom which a typlcat hydraulle ram
tnstallation s constructed are supply reservoir, drive pipe, hydraulic
ram, detivery plpe and a storage lank.

The hydraulic ram tself 1s structurally stmple, constsiing of a pump
cnamber fitted with cnly two moving parts: an lmpulse valve through
which the driving water {s wasted [wasle valve) and a delivery valve
fcheck valve) through which the pumped water is delivered.
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In emply condilion the waste valve normally falis open by gravity.
Some designs of hydraulic ram use spring-activated waste valves. The
dellvery vaive usually is a simpie rubber disc covering a ring ol holes.

Surmnounting the delivery valve is the air chamber or surge tank. When
the ram operates, this tank is partly fiiled with water and partly with
alr. Connecled 10 the air chamber is the delivery pipe, so the pressure
in the air chamber is the delivery pressure. An Inclined conduit, the
so-called drive pipe, connects the ram body with the water supply.
This drive pipe Is the essential part of the installation in which the
potential energy of the supply water Is first converted into kinetic
energy and subsequently into the potentlal energy of water delivered.

5. Basic Rsqulrements

The use of a hydraulic ram requires the avallability of suitable and
reliable supply of water, with a suflicient fall to operate the ram. The
supply can be any source of {lowing or stagnant watzr such as a spring,
stream, river, lake, dam or even a pond fed by an arteslan well. Smalt
size rams reqalre a supply Nlow of at least 5 Lo 25 lilres per minute,
whereas very large rams may need as much as 750 to 1500 |/min. For
most hvdraulic rams the {all in driving water [rom the source to the
raun must be at least | m.

Of course, not every spring, river etc, is suitable. The quality of the
waler is very inportant and has to be checked first. Most countries
and communitizs have their own qualily standards and methods of

conlsol. If the quality ts not sufficient, complementary measurements
have to be taken.

8. She ssleclion

When selecting a potential site for the hydraulic ram installation it is
essential that provisions can be made both for water input to the ram
and for proper drainage of the wasle water away from the ram. The
waste valve should unaer no clrcumstances, lleod conditions included,
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be submerged. since this will seriously affect its operation.

-efore any possible lay-out of the installation can be destgned,
informnation must be gathered on the following iiemns:

1) Amount of water available {0 power the ram {source fiow) [}/min}

2) Minimum quantily of water tuv be pumped (delivery Hlow) [l/dayi

3) Working fall {supply head) which can be obtalned fm)

4) Distance :n which the working fall can be obtained fmj

S Verticd lift from ram site to delivery site jmi

8} L-gd of delivery pipe from ram to delivery site fm|
b

& static head i
(vertical §ifl sbove ram)l

b- friction head lass +
minor Josses '

supply
yree

Fig 2 Sne of a hydiauhec tam hy « a « b {cross Section and lop view)

Unless Lthe supply water is obviously more Lhan adequate, the source
low must be measured with reasonable accuracy. The posstble change ol
flow at different times of the vear should be established in order to
determine the minimum guaranteed flow avallable.

The total daily volume of water required to be pumped can be calculated
according 1o the purpose of use. For example. {f the water is to be used
lor domestic consurnption, the dailyv demand may be approximated by:

Water Demand = Users * Per Capita Consumption

A typlcal per capita consumpiion could be 30 to 50 litres/person/day. it
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live- stock is present, its water use should be included also.

Given the fact that the hydraulic ram s capable of operating
continuously twenty-four hours per day. the required pumping rate {q)
is obtained by dividing the datly water demand by 24 * 60 = 1440
minntes; in formula:

Water Demand {i/dayl
1440 fmin/dayl]

Pumping Rate q [l/min] =

The working falt (supply head Hs) is measured verlically {from the supply
source level to the output level at the waste valve of the ram. The
pumping capacity vartes directly with the supply head.

The supply hcad can be increased by increasing the input level (e.g. by
selecting the water input further upsiream) and/or by lowerirg the
position of the ram itsell (as long as it can be placed on a spot from
which the was{e water can be easlly drained away. e¢.g. to a suitable
discharge point further downstream).

The next question to be answered Is what pressure head the hydraulic
ram will need in order to lft the water to the storage tank and to
overcome all energy losses. In general this will be equal to:

s 2
Delivery tiead [h,} = Vertical Lilt above Ram + [—dhi- + EM ] -2-'5-5
where
{f = pipe friction factor (-1 (0.02 - 0.04)
Ld = length of delivery plpe (m} {50 - 2000)
¢ = internal diameter of delivery pipe [m} (0.02 - 0.0%)
Ed = sum of mynor loss factors (-} 0-10)
v = average velocity in delivery pipe  [ms !l (0.2 - 0.5)
£ = acceleration due to gravily Ims 2] (9.8)

Verticat {tft must be measured from the location of the ram to the
highest possible water surface level (overflow ievel) in the storage tank.
Minor losses may usualiy be neglected (or roughly estimated) as
vomnared with vertical it and friction head loss.

Knowing the avatlable source supply [Qsourre), the required pumping
rafe (@), the supply head (Hs) and the delivery head (hd) the size of the
hwdraultc ram can be selecled with the atd of the appropriate
periormance Lbles or, when available, with use of empictcaliy obtained
q/Q vs hd/Hs. curves;

The sum ol the waste How (3} used by the ram and the pumping rate {q)
must be less than the minimum source {low, t.e. Q + g < Qsource

Since supply head {Hs} and delivery head (hd) are more or less fixed by
the terrain conditions (topography). the size of the hydraulic ram is
mainly determined by the desired pumping rate, or llmited by the
avallable source supply to drive the ram.

In cases where the instatlation has not enough capacity (o meet the
daily water demand, a battery of several rams may be used. Of course.
this requires a source which can supply water at a suflicient rate. Each
ram must have its own individual drive pipe. but they may use the same
delivery pipe uniess they are meant to supply different places.
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A battery of hydraulic rams is also very useful in situations where the
minimum flow during periods of drought only can power one or two
rams and the maximum f{low can drive more rams.

drive pipes e
delivery pipe

Fig. 3. Battery of a hydraulic rams

In a case where the supply water can power only one hydrawlic ram,
but the deltvery flow does not quile meet the water demand, the waste
waler from the Initial ram could be used to drive another ram.

7. installation and maintenance

Since the hydraulic ram undergoes savage pounding under operatlion,
it should be Qrmly bolted to a concrete base.

The drive plpe 1s by [ar the most important part of the Installation; it
carries the water from the supply reservoir o the ram and contains
the high pressure surges {waterhamnmer) during the pumping stage of
the operating cycle of the ram. The drive pipe shotld therefore be
made of strong, rigid material, preferably galvanized iron. 1t should be
watertight and rigidly anchiored. The length should be approxdmately 4
to 7 times the supply head s,

The Inlet to the drive pipe must always be s thmerged to prevent air
from enlering the pipe; air bubbies tn the drive pipe will dramatically
affect the operadon of the tam or even lead to complete [atlure. For
this reason the drive pipe should be laid as straight as possible
throughout lls entire length without any elevated sections which could
trap air. A dip o allow the drive pipe to ollow the contour of the
ground s permissible.

The delivery pipe may be made of any material {e.g. P.V.Co - polyvinyl
chioride or HDP - high deasily polyethyleny) provided it can
withstand the dellvery pressure.

If the delivery head exceeds the pipe's pressure spectfication, than the
lower portion of the deltvery pipe must be galvanized tron pipe. In [act
it may be advisable abways to use an Inttial length of galvanfzed iron
pipe 10 ensure a sturdy connection to the ram,

To lacilitate operation and maintenance of the hydraulle ram the drive
pipe and the delivery pipe should each be cennected to the ram with
union joints and stop-vatves. The stop-valve in the drive pipe should be
incerporated In such a manner as to prevent the formation of air
pockets; a rotary type of valve (globe valve) Is preferable te an ordinary
gate valve since the lalter may not be strong enough agalnst Lthe severe
loads of the waterhammer pressures.
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The maintenance required for a hydraulic ram 1is, compared to most
other pumping systems, very little and Inirequent. 1t includes:

- replacement of the valve rubbers when they are worked out

- adjusiment of the tuning of the waste valve

- tighiening boits which have worked loose.

Occaslonally the hydraulic ram may need dismantling for cleaning. It is
essential that as Wttle debris as possible enters the drive pilpe. It is
therefore necessary to provide a grate at the intake of the supply
source as well as a stralner at the inlet side of the drive pipe to hold
up floating leaves and debris. The grate and strainer must be checked
every now and then and cleaned {f necessary to ensure that the water
supply 1s flowing at the maximum rate.

It must be staled that the loregoing remarks on the practical use of
the hydraulic ram only highlights some of the main features of the
installation. Every situatlon may vary in deiail; specific design and
techniques suited to the partcuiar site may be necessary to create the
mos! appropriate hydraulic ram Installation.

More detailed information on how lo construct, operate and mainiain
the ram installation is depending on Lhe type of ram and can be found
in the appropriate product information. Some manufacturers {e.g.

Blake, Jandu, Schiumpf and Vulcan) do supply comprehensive
Information.

8. Prices and costs

Prices of hydraullc rams vary [rom US $ 1000 to US $ 3500. During
the research in Rwanda it became clear thal this price Is a small part
ol the totlal costs of a complete water supply system. A rough
breakdown of Lliese costs looks as lollows

pipes and accessorles 45 %
consiruction works 30 %
transportation {including transport [rom

Europe to Africal 15 %
hydraulic rams 10 %

Allthough rams do not have fue! costs, expetises lor spare parts and
maintenance are mwst common. There has Lo be someone avallable for
regular chieck ups and reparations (weckly to monthly). This person
should be trained first.

The percentual breakdown of the total costs leads {o the conclusion
that the price of the ram itsell Is of less importance. A cheap ram with
a low oulput and a bad performance could throw the whole expenslive
system ldle.

The risk ol drop out of the tolal system s also rather high when other
paris of the system. ¢.g. the drive pipe, were not Installed very solldly.

Another lesson which could be learned from the lolal costs overview is

the knowledge on the availabitity of all materlals Is essential in order
to make a realtstic esttinalion of the total cosis.
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A.i. Opaeration of hydraulic rams

The ram operates on a flow of water falling under a head (abbreviated
Hs) {rom the supply reservoir down through the drive pipe into the
pump chamber. The water escapes through the opened waste valve into
the surrounding area. With the acceleration of the water the
hydrodynamic drag and pressure on the waste valve will increase. When
the flow of water through the waste valve attains sufficlent velocity, the
upward force on the valve wili exceed Its weight and the valve will
slam shut. (In a good ram design the valve closure is rapid, almost
instantaneous.)

fig. 2a fig 20

s )

—b —_—

Thus the flow through the waste valve is abruplly stopped. but stnce the
column of water in the drive pipe still has a considerabie veloclty a high
pressure develops in the ram, locaily retarding the flow of water.

If the pressure rise is large enough to overcome the pressure in the air
chamber the delivery valve will be forced open. which in turn limits the
pressure rise in the ram body to slightly above the delivery pressure.
The f{ront of this pressure rise expands upstream. partly reducing the
ow velocity In successive cross-sections of the drive pipe as it passes.
In the meantime the remainder of the flow passes through the opened
delivery valve into the air chamber. The ‘air cushion’ permits water to
be stored temporarily in the atr chamber with only a comparattvely low
rise in local pressure. thus preventing the occurrence of waterhammer
(shock waves) (n the dellvery pipe.

With the propagation of successive pressure surges up and down the
drive pipe waler continues to flow Into the air chamber with step wise
decreasing  veloctty until the momentum of the water column In the
drive pipe is exhausted.

The higher pressure which now exists in the alr chamber will inittale a
reversal flow in the direction ol the supply reservoir. This causes the
delivery valve to close. preventing the pumped water from (lowing hack
into the ram body. The ‘recotl’ of water In the drive pipe produces a
slight suction In the ram body. thus creating an underpressure near the
waste valve. The underpressure makes It possible for the waste valve to
reopen, water begins (o flow out again, and a new operating cycle is
started.
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fig. 2¢ fig 2d

” ”

Meanwbhile the water (orced into the alr chamber, is driven into the
delivery pipe to the storage tank at the high level. from which {t can be
distributed by gravitation as required.

An air valve or snifter vaive is mounted into the ram body to allow a
smail amount of air to be sucked in during the suction part of the ram
cycle. This alr i1s carried along with the next surge ol water into the air
chamber. The atr in this chunber is always compressed and needs to be
constantly replaced as it becomes mixed with the water and lost to the
storage tank. Without a suitable air valve the air chamber would soon be
tull of water and the hydraulic ram would then cease to function.
Depending on supply head. waste valve adjustment and, to a lesser
degree. on  drive pipe length and delivery head the cyele s repeated
with a frequency of about 30 to 150 times a minute,

Once the adjustment of the waste valve has been set (valve stroke and -
t present - tension of the return spring), the hyvdraullc ram needs
almost no attention provided the water flow from the supply source is
cotittinuous,  at an adegquate rate and no forelgn matters get into the
pump blocking the vaives.

# 2. Characlerisiics

For users of the ram the pumping rate g (outpul capacity} is the first
consideration. stnce this should meet their demand.

Given an avatlable source supply the pumping rate ¢ of a hydrauic ram
s determined by the supnly head Hs and the delivery head hd.

An tnerease of supply head s tnereases the paunping requency {inore
beals per mdnule) and thereby increases the pumping rale q.
Comnercially made hydranlie rams are available 1o various stzes,
covertng a wide range ol source supplies. The size of the ram
radittonally given in inches) uswilly denotes the nominal diameter ol
the drive ptpe. The larger the stze of the ram the more waler is
reguired te operate the ram and the more water can be delivered to a
higher level

Elltciency requires some special attention since different expressions
are obtatned in product information as well as in Hterature.

Some give Lhe Rankine £guiastion considering the insiallatton as a whole
amd Laking the head water level as dialum. The useful work done in unit
ume, Le the net amount of potential energy of the water dellvered. is

ghvent by pgqthd - Hs) The nel amount ol energy used by the ram, 1 e the
change in potential energy of the driving water 18 given by pgQts,
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AE,, water dellvered 9 *{hy - H))
AE

In product information of hydraul.c ram manulacturers, as well as in
some other publications, efficiency Is oiten stmply defined as
q * hy
=R e
trd Q Hs

nrnk =

oot driving water © @*H,

The Rankine figure is always the lowest, while the 'trade expression’
yields somewhat higher values; especlally at low dellvery heads the
difference iIs significant.

The effictency curve {s most important when the supply source is
limited and waste waler must be kept at a mintmum. In situations
where there is an abundance of supply water the efficlency 1s a
secondary matter. However, efficlency figures glve a good Indication of
the hydraulic performance of the ram. High efliclency machines are
hydraulically weli- designed. {.e. have falr and smooth vraterways and
consequently low energy losses.

It should be standard commercial praclice thal manuflaciurers of
hydraullc rams provide comprehensive and reliabte Information on the
performance characteristics of their rams. Uafortunately this is not
always the case.

For example, sorne ram manulacturers state that the ‘output’ of their
rams can be calculated using the simple formula
Q°*H,

hy 0.6

q::

The formula is based merely on the rule of thumb which means that
the efliciency of a hydraulic ram is around 60 %. Apart from the fact
whether the speciflc ram Is capable of attaining this eflictency. it is
unlikely that the use of the formula ts correct for all arrangements ol
supply and dellvery heads, since it has been found from experiinents
that efliclency eventually dimintshes as head ratlo hd/Hs fricreases,

A more realistic approach Is followed by manulacturers recommending

the lormula

Q°H, .
hy

q= n

where numerical values of n are given in relatlon (o head ratio hd/lLs.

Only a few manufacturers provide empirically obtained operaling
tables.
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8. Aesults of the comparative laboratory and fleld tasis

In the Laboratory at Dellt 12 (ypes of hydraulle rams of 6
manulacturers were tested. An imporlant result of this Investligalion
was a sound thcoretlcal description of what Is happening inside the
ram (1. #1). This was Lthe basis of this guide and wlill be a valuable
point of departure for {urther research.

The resulls are given In the tabie on the next two pages. Specille
remarks and assessments (lleld tests) are glven at the end of this
appendix. Figures for elliclency and pumplng capacity, are placed next
to the price per type.

In the field tesls In Rwanda it became clear that hydraulic rams are

goarvglitaa ta doinada nd nahetrsctinm mnd Aanand clrnangly An tha
S ILFILAY L lU \.l(llll“"‘. ('lllu LALFO W LAL LIVLFLE, ‘:I.ll\.l RLL AR A D‘lu!‘hl_" LFEL L1iY

functioning of the rest of the sysiem (drive and dellvery pipej.
Malnienance and repalr played an important role.

It has to be kept tn mind that the rather negative picture has been
caused by the lHeld testing procedure. While testing, itie output should
e walched continuously. In Rwanda however, weekly to monthly
cheocks were carried owd and there was not enough time to solve
cccurring problems immedlately. A delay of some weeks In
mainlenance or repaic of a ram 1s not a characteristic of that particular
T,

Another disadvantapge of the procedure followed during the fleld tesls
as well as in the laboratory 1s the use of jusl one prototype of every
model. Yet it is possibie that just a good or worse protolype is used.
There seemns to be no direct relation between price and elliclency as
can be seen In the table on the following pages. Keeplng In mind lhe
cartler statements on the tolal costs of a water supply system and the
importance of elltciency, hydrauile rams with an elliclency less then
aboul 55 %% are disproportionately expensive.

The schedule on the testing program prevented the investigation of
the newly designed rams Mbaraga 1 and . These rams were destigned
alter the unsatislaclory expertences (matntenance) in the fleld test
alter (intshing the laboratory tests.

The locally destgned and construected hydrantic rans (Mbaragae T and
ioas well as the 1ITDG ram) are, compared 1o the comnnercially
avatlable rams, still In a too expertimental stage to fudge thelr value.
Justiication for the use of this tvpes could be caused by (he spectlie
tocal sttuation favailability of other rams and materials, transport
problems, construction capacity etc.).
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Hydraullc ram Supply Head Waste FlmJ Period Time | Delivery Head
Hs g (a) T (a) hd (m|
[m] /min} {sl from to
Blake Hydram No. 2 1.35 40 1.600 12 112
(1.5%) 2.00 39 1.000 11 130
3.00 as 0.700 11 140
Blake Hydram No. 3,5 1.35 110 1.600 8 112
{2.5") 2.00 100 1.000 8 120
3.00 95 0.700 12 133
Alto J 26-80-8 1.00 14 1.300 6 19
{1} 2.00 14 0.700 9 33
3.00 15 0.550 12 42
Alto CH 50-110-18 1.06 33 1.000 6 40C
{(27) 2.00 36 0.600 7 6G
3.00 39 0.450 1D 66
Vuican 1" 1.00 15 1.550 4 75
1E 2.00 17 0.950 8 117
3.00 16 0.650 13 134
Vulcan 2" 1.00 35 1.150 8 68
(2"} 2.00 33 0.600 12 80
3.00 34 0.450 18 88
SANO Ne 1-25 mm 1.00 10 1.100 4 67
{1} 2.00 10 0.550 9 81
3.00 10 0.400 11 93
SANO No.4-50 mm 1.00 60 1.900 4 102
(2%) 2.00 55 0.900 8 120
3.00 60 0.650 12 138
Davey No. 3 1.00 13 1.900 2 28
(") 2.00 13 1.000 4 44
3.00 12 0.750 6 54
Rife 20 HDU 1.25 85 2.500 4 112
(2°) 2.00 80 1.300 q 133
J.00 80 Q.900 6 154
Schiump! 4AS 1.00 25 1.8500 4 32
(1.57) 2.00 32 1.400 6 29
3.00 30 1.000 9 27
Schlumpf 4A23 1.00 25 1.900 4 40
{1.57) 2.00 45 1.600 8 78
3.09 36 1.100 9 73

(a) approx average value for the whole range of operation
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Hydraulic ram Pumping Rate Efficiency Price | Maintenance
q {}/min] Durability
Reliability
from to % (b) (y) (d)
Biake Hydram No. 2 2.00 0 44/42/37
(1.7 4.75 0 62/64/60] £ 250
7.70 0 67/70/67
Blake Hydram No. 3.5 9.95 0 51/51/45 -
(2.57) 17.15 0 65/64/57] & 450 -
20.30 2 70/73/68 +
Alto J 26-80-8 1.10 0 -/ /-
" 1.75 0 45/ 8/ - | Frs 3550
2.20 0 38/ -/ -
Alto CH 50-110-15 1.25 0 K Y S .
(27) 3.05 0 40/36/ 1 | Frs 6950 +
4.45 0 38/41/22 ++
Vulcan 1 1.00 0 36/34/18
(1) 1.00 0 48/32/51] & 165
2.25 0 52/58/57
Vulcan 2° 4.25 0 70/63/31
{27) 5.05 0 75/68/54}) £ 365
5.40 0 76/71/56
SANO No.1-25 mm 1.05 0 45/35/11
(1) 1.50 0 60/59/441 DM 700
205 0 61/64/54
SANO No.4-50 1am 4.70 0 38/32/27
{27) 8.40 0 63/63/62 DM 1350
10.25 0 65/68/66
Davey No. 3 2.67 Q 26/ -/ -
(L) 3.77 Q 5t/16/ - £ 250
4.80 0 59/47/ -
Rife 20 HDU 3.90 0 26728727
{2 8 90 Q 42/54/45] $ 800
12.90 0 45/47/48
Schiumpf 4AS 3.85 0 AN
{1.57) 9.30 0 2/ - /- |SFr 2000
10.30 0 38/ -1 -
Schlumpfl 4A23 3.70 0 37/ 2/ -
{1.57) 7.65 0 44/33/ 8 | SFr 3000
11.70 4] 53/35/186
(bl torresp. h « 20 m, 40 m and 60 m {(d} according to fiald tests
{¢) global prces 19801961
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Remarks and assessments per ram (fleld tests)

During the 11/2- year testing-pertod of this ram it has been standing
still during most of the time due to external tnfluences {drive and
delivery pipes and a flexible joint). The joint between drive pipe and
ram body seemed to cause heavy rouble for local malntenance.

With the Sano-ranm also external influences played an important role.
The delivery valve caused trouble tithe and agalin.

hilum _3A2,
Again external factors were of greal influence. After a few days the
delivery valve had to be modified fundamentally.

Vulcan 2/2"

Alter some starting problems this ram worked reasonably although a
lot of tme was lost due to external factors. Repalring was necessary
twice; a new gasket and (wo rubber delivery valve clacks.

Vulcan 2°

Misjudgement during the installation (wrong interpretation of the
pump behaviour due to a leaking drive pipe) of this Valcan caused s
premature removal. So classification s not possible.

»
The Rile could not [unclion uender the given conditions, although

according lo the description of the manufacturer, it should have been
possible.

Alto CH No. 5081018

With the Alte the Installation problems alceady appearing by the
Vulcan 27, showed up again. Afler repalring the drive plpe and slowing
down the waste valve by some modiftcations, there were no tnternal
break-downs. but the drive pipe broke agaln, combined with a period
with lack of water. Alter a working pertod of 16 months the Alto ram
was extremily worn down, also as a resull of agressive walter.

Mbaraga | & [ are destgned locally amnd construcled hydraulitle rams.
This was done because of the poor resulls ol the cottunerclally
avatlable rains. These rams were not tested tn Detlt bat nevertheless a,
not surprising, result can be given: reliabiiity and durability were very
poor and access of local maintenance was good
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C. Ceiculation exampls

Given: a conununlly of 60 persons aud some catlle (30}

Water Demand = Populatlon * Caplta Consumplion
The capita consumplion depends on geographic, social and cultural
aspects, but most al all on the availablilty ol water. The domestic
consumptlon could be 2 - 5 titers dallv, with a population living 15 km
from a waler source. Having a watertap, shower and adjusted toilet, it
could be 60 - 80 litres per day per person.
For this exaple |ls calculated with 50 litres daily and 20 litres for the
local cattle per antmal. So,

water Demand = 60 * 50 + 30 * 20 = 3600 1/day
The punplng rate (conlinuously pumping) wiil b

Pumping Rale = T340 = 2.5 /min

The next figure needed is the dellvery head. Herelfore 1s given:

[ = 0.04 (estimation. depending on the pipes avallable)

Ld = 1000 m (to be measured in the fleld)

d = 0.02 m {a suilable diameter [or this pumplng rale ? Has to

be checked.)
Ed = 10 festtmation tor a long and ditilealt track)
v= 023ms! (estiination, has to be checked}
g= 98ms?2
Vertotal Bt = 40 m {to be measured In the {leld)

0.04 * 1000 0.3°

h, = 3 e 4 O e

Iy = 40 » l 000 ] TE9R

As shown In the table on page 13 and 14 such a supply cvould be

created with e 2. a Blake Hydrun no. 2 or some others, usiny a supply

hread of .00 m at teast and a supply llow around 60 1/mdin. W dh a given
citiciency of 70 % this will resull In

60300

Q=5 *0.70 =257 t/mln

=49 m
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J.H.P.M, Tacke. Laboratory of Fluid Mechanics, IXT
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Intermediale Technology Development Group

The construclion of a hydraulic ram pump, 36 pp.

AR Inversin

South Pacific Appropriate Technology Foundation, P.C. Box 6937,
Boroko. Papua New Guinea

Ontwerp en bouw van cen waterram proelinstaliatie, ontwikkeling
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intermediate Technology Development Group
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Alta Cabeza "Gaviotas"

Auto-Lift Pump

Bélier ALTO

Billabong

Blake Hydram

Tl o -1
hyora

=
Lol

Bomba Hydraulicas Rochfer

Briau Hydram
BZH Hydrauliska

CeCoCo Hydro-Hi-Lift Pump

Chandra Hydram

Fleming Pump

Jandu's Hydram

Pompe PFilter

Premier Hydram

Rife Kam Pump

SANO Ram Pump

U P B Talits 3 SIS S (J e

g mancigeturars

Centro Las Gaviotas, Paseo Bolivar no.
20 - 90, Bogota, Columbia

Godbele & Sons, New Ramdaspeth,
Kachipura, Nagpur - 1, India

J.M. Desclaud. 57. Rue Bertrand-de-
Coth, 33800 Bordeaux, France

Johin Danks & Son. Pty Lid, Doody
Street, Alexandria. Svdney, New South
Wales, Austiralta

John Blake Ltd, P.O. Box 43. Accrington,
Lancashire BB5 5LP, UK

Industrias Mecanicas Rochfer Lida.
Aventda Jose de Sllva 3765, Jardin
Morla Rosa, Calaa Postal 194, Sao0 Paulo,
CEP 14400, Braztl

Priia S A B.P. 448, 37009 Tours, France

Ab Bruzaholms Bruk, 570 34 Hruzuholim,
Sweden

CeCoCo, PO, Box B, Ibharaka Clty, Osaka
567, Japan

Singh Metal Casting Works, 110 1) Nirala
Nagar. Lacknow, {nda

C.W. Pipe Inc., P.O. Box 678, Amherst,
Virginda 24521, USAa

Jandu Plumbers Ltd, .0
Uhurne Road, Arusiur, Tazania

Box 409,

Pilter, 22, Bue Flortan, 75020 Pans,
France

Premier Irrigation Equipment Lid,
17/71C¢ Adipore Road, Calcutta 700.027,
India

iite Hydranhe Engine Manutacturing Co.,
J16 W, Poplar Strect, PO, HBox 790,
Norristown, PA 19401 USA

Plister & Langhanss, Sandstriafie 2-8,
l.

Postlach 3555, RBH00 Nurnberg
Federat Republic ol Germany
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Schlunpf Pump

Vuican Hydram

Wama Punp

Hydraulic fams 3 0oNSLImars guady

Schlumpi AG. CH-8312 Steinhausen,
Kanton Zug, Switzerland

Green & Carter Ltd. Ashbrittle, Near
Wellington, Somerset, TA21! OLg UK

WAMA Maschinenbau., Bergsirafie 8,

8018 Grafling bei Minchen, Federal
Republlc of Germany
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