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We have written this manual primarily to show field workers how they
can design and construct a simrle ram pump from commercial pipe fittings,
how to choose a suitable site for the ram, how to install and adjust the
ram, and the sort of maintenance the pump will need during its working
life. We have tried to write the manual in non-technical language so
that it can be used by people with little or no technical training - this
information makes up Part I. A laboratory test on this pump is described
in Part II. The original idea for this pump was found in a VITA publication

(see bibliography) .

In Part 11, we describe in greater detail the range of operacion of
ram pumps, ‘and the different materials that have been used to make them.
Ye have taken informration given in the trade literature of a commercial
ram manufacturer, Blakes Hydrams Ltd., to demonstrate the simple czlculations
that you will need to design a ram pump to suit your site conditicns. This
information will be of use mainly to tlose with some technical and workshop

experience who wish to make large rams.

We have not attempted to describe the comnlex relationship involved in
the hydraulic behaviour of the water mecving through the ram, this is very
difficult to follow unless you have substantial experience of fluid mechanics.
An annotated bibliography listing the main sources of information that we

used to write this manual is included in the last section of Part II.
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The hydraulic ram pump described in this publication hag been made and

tested over a number of hours at the N.C.A.E. workshop at Silsoe, Bedfordshire, .
UK. But it has not been subject to continuous operation for six monmths or

a year, which te the sort of timescale which would be considered adequate.

ITDG would be glad to hear from anyone who makes and operates a hydraulic

ram of this design over a long period so that the results can be studied

and necessary design improvements made.
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The vertical distance between two water levels is known as
the thead! of water available and is & measure of the water pressure.
Por instance, the pressure in the ram body when it is full of water and
not pumping, is known as the supply head; similarly the pressure in the
air chamber with the delivery valve closed, is the delivery head.
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Part1 How to make and Install a a Simple Ram
Pump Constructed from Water Pipe Fittings

1. A Description

The automatic hydraulic ram is used for pumping water., It works by
pumping a small fraction of the water that flows through it from a supply
source, to a level that can be much higher than the source. The ram can
only be used in places where there is a steady and reliable supply of
water, with a fall sufficient to operate the ram.

The ram described in this mamal needs to have a fall of at least
1 metre from the source to the ram, and a flow at the source greater than
5 litres per minute. The amount of water that it can pump to different
heights is given in Table 1. (Page 7) |

In places where this ram can be used, it has many advantages over
other pumps powered by hand, animal, wind, or motors, despite the fact that
it wabtes a lot of water:-

.a) it does not need an additional power source and there are no

running costs,

b) it has only two moving parts, and these are very simple and

cheap to maintain,

c) it works efficiently over a wide range of flows, provided

it is tuned in correctly,

d) it can be made using simple work shop equipment.

2. How it works

A labelled diagram of a typical working ram installation is shown in
Fig. 1.

Water flows down the drive pipe from the source and escapes out
through the impulse valve. When the flow of water past the impulse valve
is fast enough, this flow and the upward force on the valve causes the
valve to shut suddenly, halting the column of water in the drive pipe.
The momentum of the stopped column of water produces a sudden pressure
rige in the ram, which will, if it is iarge enough, overcome the pressure
in the air chamber on the delivery valve, allowing water to flow into the
air chamber and then up to the header tank.

The pressure. surge or hammer in the ram is partly reduced by the
escape of water into the air chamber, and the pressure pulse 'rebounds!

1.



back up the drive pipe producing a slight suction in the ram body. This causes
the delivery valve to close, preventing the pumped water from flowing back into
the ram. The impulse valve drops down, water begins to flow out again, and the
cycle is repeated.

A small amount of air enters through the air valve during the suction part
of the ram cycle, and passes into the air chamber with each surge of water up
through the delivery valve. The air chamber is necessary to even out the drastic
preasure changes in the ram, ailowing a more steady flow of water to the header

tank. The air in the chamber is always compressed, and needs to be constantly &
replaced as it becomes mixed with the water and lost to the header tank. ,
The ram is 'tuned! to pump the greatest amount of water possible, and &

this normally occurs when the ram oycle is repeated or 'beats! about 75 times
each mimute.

3. Is your site suitable for the ram?

You can install this ram at your site without doing any survey work to
measure the flow of water at the source, or the supply and delivery heads at the
site, and it will probably work perfectly well. However, it is often necessary to
know if the ram is capable of pumping the amount of water. you need, or whether
you need a larger ram. Measuring for this information is not diffiocult, and is
described below,

3.1 MEASURING THE FLOW OF WATER AT THE SOURCE.

The first thing you must measure, is the flow of water at the source, to
see if it is enough to operate the ram; some people with experience can estimate
this by eye.

Naturally occuring sources of water tend to dry up during the year, and
you must make allowance for this if you use your measurement of water flow to
calculate the pumping rate of the ram, otherwise your water supply may be less
than you plamned for.

a) Measuring a small flow, such as a spring. _
When the flow is very small, you can measure it by constructing

a temporary dam, and catching the water in a bucket. The amount of
water (in litres) that flows into the bucket in one mimte can then be
measured, The dam may be made from any material, wood, metal sheet,
planks etc., but you mist make sure that there are no leakst-

2.



6) MEASUR L A SMALL FLow.

b) Measuring larger flows.

The ram described in this mamal requires only a small
amount of water to make it work, and often you can see by
looking if the flow is large enoiugh. However, if you are going
to make or buy an expensive larger ram, it is essential to know
how much water there is to be taken from the source,

Larger flows are measured using a timber plank or ply wood
weir, with a 90° V-notch cut into the topi-
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MEASUREMENT oOF WATER DBefPTH H oAlE
METER UPSTREAM FRomM V-a0TLH WER.
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The depth of water flowing through the weir is measured
about 1 metre upstream of the weir, and you can then use the

graph in Figure 2 to read how much water is flowing

Example.

Depth of water measured 1 metre upstream = 10 cms.
From graph, the flow is then read as 275 litres/min.

30
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The weir must not leak around its sides, and the graph
can only be used if all the water flow is contained within
the notch.

3.2 MEASURING THE SUPPLY AND DELIVERY HEADS.

Most rams will work at their best efficiency if the supply head is a.boﬁt
one third of the delivery head, but often the site will not allow this, and
kyou must then try to make the supply head as large as possible; this will be
necessary if the source is a slow moving stream or river which has a shallow
’ﬂalope. The supply head can be increased by leading the water from the supply

source along a feeder canal or pipe to the drive pipe inlet:-

FEROER TAMK RAM INCREASING  SOPPLY HEAD
ol sTAND P‘OE INGTALATION (.1 %
REQUCING PIPE LEUGTH

STREAM STand Pike

(ROLS SEcLTions FAAM  SovlkiE
To AAm

AN o ROM  INSTALATION .

You will only need to measure the supply and delivery heads if you need
to meke sure that the ram will pump enough water, or if you have to buy a
larger ram. The flow at the supply source, and the delivery and supply heads,
can be used to calculate how mich water this ram will pump. See Table 1. (Page 7)
The differences in level between the source and the ram, and the header
tank and the ram, can be measured using a surveyors dumpy level, a clinometer,
or even a carpenters spririt level atfached to a stick. A method of measuring
the supply head is described below:-

Soulca ‘2.\.\9.\

Set up ctafl
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o fudmﬁ
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i. Set up the level near the source, and take a reading om a grad-
uated measuring staff held by your assistant on the water surface
of the source. Record this reading in a note book. ( Hl ).

ii. Turn the level around on the same spot, and ask your assistant
to carry the measuring staff down hill. The staff is held up-
right, and you take a second reading which you again record. ( H2 ).
iii. Your assistant will stay on the same spot with the measuring staff
vhilst you carry the level down hill again to a position below
your assistant. Set up the level again, and repeat stages i. and
ii. above.
You repeat this process until the ram site is reached, and the
supply head can be calculated as follows:-
Supply Head = H2 - Hl + H4 - 33 + sesees etlc,
The delivery head is measured in a similar way.

4. Designing the ram.

4.1 HOW MUCH WATER CAN THE RAM PUMP
The simple,ram punp made’from commercial pipe fittings described

in Section 5 of this manual, needs & supply flow of at least 5 litres
- each minute., Using this supply flow, the smallest amounts of water
that this ram may be expected to pump each day for different supply

and delivery heads, are -given in Table 1.

6.
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TABLE 1 DAILY PUMPING RATES FOR RAM PUMP (litres of water)

S;gizy Delivery Head (metres)
(metres)l 5 7.5 10 15 20 30 40 50 6C 80 100
1 400 200 150 80 70 50 30 20
2 550 390 250 200 130 80 60 50 30
'3 650 450 320 220 150 130 100 70 40
4 650 430 300 200 150 130 90 60
5 750 550 370 300 250 200 120 90
6 700 450 350 300 250 150 120
7 550 410 320 270 200 150
8 450 370 300 250 150
10 600 450 400 300 230
12 750 550 470 350 280
14 650 550 400 330
16 © 620 470 370
18 700 520 420
20 600 450

We have not bveen able to test the ram pump over this wide range
of supply and delivery heads. We have assumed that it will pump at

only one half the rate of a comparable commercial ram manufactured

" by Blakes Hydrems Ltd. ( see Table 2, page 30).

From the table, a Blakes Hydram of similar size will pump 1.15 x 1000

The ram will pump &t & faster rate if the impulse valve is
properly tuned, or if the supply flow is more than % litres per
minute.If foxr exemple; your rsm installiation can be tuned to
allow a flow of 15 litreg per mimute down the supply pipe, then

the ram will pump thres timzs the amount given in Table 1.

. Examgle

4.0 metres
20,0 metres

Supply Head
Delivery Head

1150 litres of water in 24 hours using a supply discharge of 10 litres/min.

Our ram should be able to pump at least § of this amount, or 1150 x 2 =

860 litres/day.

7.
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The greatest amount of water this ram can use from the source is govermed
by the size of the ram itself and if the ram installation is to use more water
(and therefore be able to pump more water), then a larger ram should be chosen.
How to choose the correct ram size is given in Part 11 of this mammal,

If you find that your ram installation is not large enough to pump the
amount of water you need, you can construct a duplicate ram alongside the orig-
inal ram. The drive pipes should be separate, but you may use the same delivery
pipe. Some installation have batteries of small rams, often 5 or more, mext to

each other,

HepbheR THANK,

4 HYDRAULIL RAMS
4 e SEPARATE DRAIUE
PIPES .

CaMmmony BELIVERY PVOE

A DATTERY of <SkverAL RAmS

4.2 CHOOSING THE SIZE OF THE DRIVE PIPE.

The drive pipe is really the most important part of the ram installation -
it carries the water from the source to the ram, and contains the pressure surge
of the water hammer. It must be made from good quality steel or iron water pipe -
plastic and concrete pipes are useless for drive pipes.

The diameter and length of the drive pipe is very important, although the
ram will work satisfactorily if the ratios of pipe length (L) to diameter (D) are
between the l‘J’Jn:‘L’cs“'L = 150 to 1000. These are very broad limits. We suggest

D

that you try to install a drive pipe with an % ratio of 500, or choose a length

that is four (4) times the supply head, whichever is the smaller. The theory
behind the drive pipe is described in greater detail in Part 1l.

Example

Supply Head = 4.0 metres
Drive pipe diameter (D) = 25 mm,

8.



a) Use% = 500

L = 500 x 25 = 12500 mm or 12.5 metres.
b) Use L = 4 x Supply head

L = 4 x 4.0 = 16,0 metres.,

The ram will work equally well if the drive pipe is cut from 25 mm pipe
at either of these lengths, and you should choose the length which is most
convenient for your site. i

4.3 CHOOSING THE DELIVERY PIPE SIZE

Unlike the drive pipe, you can make the delivery pipe from any material,
provided it can stand the pressure of water leading up to the delivery tank,
The delivery pipe should have an intermal bore of 20 mm; plastic hose pipe is
quite satisfactory if it is strong enough.

The water from the ram can be pumped for great distances provided that
the delivery head is small enough; in this case, the ram has to spend effort
forcing water through the pipe, and you should try to keep the delivery pipe
fairly short.

4.4 CHOOSING THE SIZE OF THE HEADER TANK.

One of the great advantages of a ram pump is that it works automatically
and continuously, which means that it is always pumping water to the header
tank.

If you think about the way that you use watexr in your household, you will
see that during certain periods of the day, you will need a relatively large
amount from the header tank. At other times, during the night, for instance,
you will most likely use very little water.

The header tank mst therefore be large enough to hold enough water in
reserve to supply your needs during periods of peak demand.

Even when you choose a header tank of correct size, there wil} be times
when it overflows. You should therefore fit an overflow pipe to the tank, and
lead the waste water to your.garden or fish tank.

The way to choose the tank size is to estimate youf daily water require-
ments, and make your tank to contain half this amount. If you find the tank is

too small, you can easily add a second tank.

9.



S. Building the ram.

You can build & ram from any size of pipe fittings that you have avail-
able; and the way that these will work is described in Part 11. The ram de-
scribed here has a drive pipe bore of 30 mm. The ram body is made from pipe
fittings of 50 mm internal bore, so that the impulse and delivery valves can
have large openings: the relatively small sizes of commercial pipe fittings
are a major disadvantage for ram construction, and effectively limit the max-
imum ram size that can be made. The finished ram is shown below and in Fig.3
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The main points you should note when you intend to build this ram are:-

a) the capacity of the ram depends on the size of the
impulse valve which allows the water to discharge.
The pipe fittings are therefore several sizes larger
than the drive pipe. '

b) the flow of water through the ram should not be
restricted by sharp changes of direction of water
flow dr by the sudden junction of different sized
pipes.

c) the ram experiences savage pounding during its working
life and all the parts, connections and valves must be
strong enough to" stand the stresses.

10,
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GENERAL ARRANGEMENT OF RAM CONSTRUCTED FROM PIPE FITTINGS

FIG 3
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d) there are obviously any mumber of combinations of
pipe fittings which can make up a ram body, and
the one described below can be modified to suit
available fittings. -

5.1 MAKING THE IMPULSE VALVE.

Weld or braze a 50 mm threaded pipe junction onto the valve plate shown }
in Pig.4.1 centrally over the 30 mm diameter hole:-

50mm PIPE @
CONMECTION A
= ‘ VALVE PLATE

WELDWL LoNUELToR To PLATE

This will leave & lip inside the pipe connection about 10 mm wide all
round, which will act as a seating for the impulse valve washer. File or Tud
and smooth the valve plate"over the valve seating area to prevent wear on the
valve washer, The two elongated holes, each 6 mm diameter on the valve plate,
are to hold the valve spring.

The valve spring is made from a strip of mild steel, 650 mm long,

30 x 2 mm in cross section, marked out and drilled as shown in Fig.4.3. Bend

the spring to shape around a 50 mm pipe, with the bend centre line on the strip
in the position as ehovnkbelow, this will set the spring with the drilled holes
in the correct positions:-

Bend cenTle
LINR

BeuniuG THE  SPRiING ‘i



Bolt the spring onto the valve plate, which has elongated holes to allow
the impulse valve stem to be adjusted for correct seating.

The impulse valve itself is made up from a 6 mm diameter bolt, tube and
washers which you assemble through the valve plate to the valve spring, Fig. 4.4

Finally, add spring tension and the valve stroke adjusting bolts. These
allow the ram to be tuned for maximum efficiency. You can see that the impulse
valve assembly can be removed from the ram for maintenance by just unbolting
the spring, then unscrewing the pipe connector and valve plates-

SPRING TENSIDA)
oLT

IMPOLSE
VALVE STEM
STROKE

ARSUSTMENT
RoLT

SOmm CONBECTOR

ASSEMBLED 1MPULSE JaLUE

We have chosen this system of impulse valve asgsembly because it has no
wearing parts except for the valve rubber. It is possible that with time, the
valve spring will work harden and break; it is also possible that the spring
assembly will be damaged during floods if the ram is installed on the side of
a stream. An alternative more robust design for the impulse valve assembly is
described below.

5.1 B AN ALTERNATIVE IMPULSE VALVE.

The impulse valve assembly described above has been taken from a design
by VITA, and as far as we know, it works quite satisfactorily.

13.



FIG 4  CONSTRUCTION OF IMPULSE VALVE

(Dimensions in millimetres)

4. 1. VALVE PLATE, 150 x80x 3 mm Mild steel plate

150

30mm dia_hole
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40

80
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holes.

40

60 | 30 |20

4, 2. PIPE CONNECTION,

50 mm diameter, mole threaded

S0 ]
4. 3. SPRING, 650 x 30 x 2 mm Mild steel strips
b b b b 8 6 Dia. of bolt holes
m millimekres.
e o ° ° Q o
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14.



4.4 IMPULSE VALVE STEM

20

Mild stee!l bolt
- bmm dia. ‘lOmmlonj

Valve spring

D\IFY%

Thin walled melal

Mild sheel bolt
4 mm :::. ’ Fube 9mm bore.
for

Stroke ad J vskment

/ 60 mm long

Valve p'o.l’e.
N\

N\ weld

50mm dia.
pipe connector

D

c
7

Rubber washer
ADmmdia

Steel washer

A AN A .

4.,5. SPRING TENSION BOLT

S
N‘,K

A ; i

i BENOING .

50

7| B— —
— J !
i \ Mild steel bel}

A diameter for sPﬁ'na Fension
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We include in this section a more robust impulse valve with a sliding
‘valve which will wear in time. The impulse valve in this case works by fall-
ing under its own weight at the finish of each ram cycle:-

]
| - WNEUTHTS |

- | FIXED APE & RRMAS LLELRER TO
; / Gwae \JALVE PLATE ANN
ARL - LVE PLATE
VALVE STRoUE » - PiPE GUIDE
. OR |

PIPE (ONIME
=~ g\_ﬂ? ALTEQMATIUE
L IMPOLSE vALVE

J

The valve stem is fitted through a fixed pipe guide supported above the
valve plate by arms welded both to the pipe and valve plate. The pipe connector

is welded as before over the centre of the 30 mm diameter hole in the valve
plate. '

Choose the pipe guide and the valve stem bolt so that they have a close
but easy fit. Alternatively, the pipe guide can be chosen to hold a replaceable
brass or plastic sleeve which will take the wear from the moving valve stem
bolt; . '

The valve stroke is set by adjusting the nuts on the top of the valve
stem bolt, and the weight of the valve can be altered by adding weights onto
the bolt.

We have not built or tried this impulse valve assembly, but there is no

reason why it should not work, Tuning the ram will be a similar process to that
described in Section 7. ‘ L

5.2 MAKING THE DELIVERY VALVE.

The delivery valve prevents the pumped water from flowing back into the
ram after the pressure pulse has been dissiﬁated. It is therefore a non return
valve, and you can make it very simply by welding or brazing a cut and drilled
piece of 3 mm steel plate into the top of a 50 mm pipe connector:-

16,



FIG. 5. CONSTRUCTION OF DELIVERY VALVE
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VALVE PLATE
wWELDED INTO
LONNELTOR

Lomm PIE (onnECTOR

THE DELWERY JVALUE

Cut the plate to shape and file smooth to fit exactly into the end of the
pipe connsctor, and weld or braze it into place. Attach a rubber washer to the plate -
and bolt it into position; the washer must be flexible enough to allow water to pass
easily, but must be firm enough to support the water pressure from the air chamber.
The cupped washer above the rubber valve holds the valve in place.

The air valve is made simply by drilling a small hole 1.0 mm in diameter in
the side of the pipe connector and below the delivery valve. This is partially block-
ed by a fine wire split pin which moves with pressure changes ih the ram, keeping the
hole open and allowing air to enter. Fig.b.

Make sure on assembly that the air valve is placed on the opposite side, to
the delivery pipe outlet, otherwise the alr entering the air chamber is likely to
escape into the delivery pipe; it is, of course, essential that the air feeder valve
is located below the delivery valve, |

5.3 MAKING THE AIR CHAMBER. i

Cut a 1 metre length of 50 mm diameter water pipe, and thread each end. Screw .
one end into the delivery pipe T-junction pipe fitting, and seal the top with a cap.

5.4 MAKING THE MOUNTING LEGS.

Make the mounting legs from any available scrap strip iron, and drill, bend,
and bolt these around the ram body. The legs can be bolted to the ground when the
ram is assembled at the site if you want the ram to be a permanent fixture.

18.
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6. Assembling the ram at the site.

Te

a)

b)

Assemble the pipe fittings using plenty of pipe joint compound.
Screw these firmly together and adjust them for the correct
position in the ram assembly. They must be completely free
from leaks.

The impulse and delivery valves must move freely and when
closed seat evenly on the valve plates.

Set the ram level on the mounting legs at the required site,
and attach the drive and delivery pipes. Flush these pipes
with clean water before connection.

The drive pipe should be laid as straight as possible with

no sharp bends, and it should have no upward kinks which will
trap air,

The inlet to the drive pipe must always be submerged, or air
will enter the pipe and prevent the ram from working.

Tuning the ram.

The ram should be tuned to pump the greatest amount of water to the
delivery tank. Tuning is not difficult, and you will find that the ram
will pump some water at most settings of the impulse valve assembly.

The amount of water that the ram will pump, and the number of valve

beats each mimite, are measured for different valve settings, and the

results compared to find the best setting for the ram. You can do this
quite easily:-

a)

b)

Hold the impulse valve closed, and adjust the 'stroke adjustment
bolt! (SAB) until there is a gap of about 15 mm between this
bolt and the valve plate. This can most simply be done by slipp-
ing a measured pile of steel washers under the bolt and screwing
the bolt down onto them.

Remove the washers, release the impulse valve, and adjust the
tspring tension bolt! (STB) until the SAB just touches the valve
plate. Shortening the STB will bend the spring down.
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c) Nip tight the STB and SAB muts, and ailow water to enter
the drive pipe. Hold the impulse valve closed until the
drive pipe is full of water, then release the valve, mov-
ing it up and down by hand several times. The ram should
now work by itself,

d) If the valve stays open allowing water to flow out, the spring
is too tight, and you should stop the flow of water, and re-
get the SAB and STB in the way described in a, b, and ¢, above
to give a stroke of 13 mm,

e) When the valve works. correctly, repeat a, b, and ¢, above for
valve stroke settings of 13, 11, 9, 7, 5, 3, millimetres,
measuring for each setting the amount of water that is pumped
and the valve beats each minute.

f) Compare the pumping rates, and reset the STB and SAB as de-
scribed in a, b, and ¢, to the stroke setting that gave the
best pumping rate. If the pumping rates for several of the
valve settings are similar, choosebthe setting with the small-
est stroke -« this will mean a smaller spring tension and there-
fore less wear.

g) The results of our experiments on one of these rams are given
in Part 11 of this manual. We obtained the best pumping rate
from an initial valve stroke setting giving a valve beat of
100 cycles per mimite, by tightening the spring tension bolt
until the valve beat was 7% cycles per minmute. The ram you

make will work in a different way to ours, and you will have
to fiddle with the impulse valve to find the best setting.
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8. What to do if the ram doesn’t work.

There are only two moving parts in an automatic hydraulic ram, and

there is very little that can go wrong. However, possible causes of

failure are listed below:-

&)

b)

d)

Impulse valve does not work.

Check seating of valve washer on valve plate; the valve
should not leak when held closed, and should not catch on
the side of the pipe connector.

Check to see if there is any debris or obstruction in the

drive pipe or ram body.

Delivery valve does not operate as a non-return valve.
This can be seen if the water level in the delivery pipe
surges during operation, or falls when the ram is not

working. The valve should be cleaned and checked for wear,

Ram pumps too much air.

Check air feeder valve; if it is too big it will allow

large volumes of air to enter the ram, and a larger wire
split pin should be used,

Check that air does not enter the ram through loose joints;
the joints should be well sealed with pipe compound.

Check that inlet to drive pipe is submerged, otherwise air
will enter drive pipe, spoiling the performance of the water

hammer.

Ram pumps with a loud metallic sound.

Check that air feeder valve is working to allow enough air
to enter below the non-return valve; a small spurt of water
should come from this valve with each cycle., If there is not
enough air entering the ram air chamber, fit a smaller split
pin.

Check that air feeder valve is on the opposite side to the
delivery pipe, or the air will be pumped with the water
directly to the header tank.

Check that there are no air leaks from air chamber due to
bad pipe fitting.
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9. Maintenance of the ram after installation.

9.1 THE SUPPLY SOURCE

It is obviously essential to prevent dirt from entering the drive pipe
or leaves from blocking its entry. So it may be necessary to provide a grating
at the off-take from the river or stream supplying the water in order to keep
back floating leaves, and a sump should be provided at the feeder tank to
collect silt.

9.2 MAINTENANCE TASKS

Maintenance involves keeping gratings and filters clear, and cleaning the
feeder tank and sump, as well as caring for the ram itself. The maintenance tasks

which you must carry out are likely to be as follows: -

(a) dismantling the ram to remove dirt,

(b) clearing air locks in the pipe system,

(c) adjusting the tuning; tightening bolts which work loose,

(d) changing the valve rubber; adjusting the ser* 'ng of valves,

(e) keeping the inflow to the drive pipe free of debris;
clearing filters and gratings.

9.3 FREQUENCY OF MAINTENANCE

Rams have an exceptionally good reputation for trouble-free running, and
maintenance will probably not need to be very frequent. The way in which the
necessary maintenance is arranged, and the question of whether this type of ram
is suitable for a particular application, depends very much on who is available
to carry out the maintenance. Is there somebody living locally who can have a
look at the ram at least once every week, or is there a technician from some-
where else who can come only at intervals of several weeks?

Tuning, and the adjustment of valves and bolts, may need to be done more
frequently with this particular ram than with some commercial models made from
purpose-designed alloys and components; and the need for maintenance may become
greater as the delivery head becomes greater. On the other hand, specialised
tools and spare parts may be needed for the maintenance of a commercially-built
pump. So in general, this ram is best suited.to a8 situation where the person
responsible for maintenance lives nearby, and where the delivery head is not
too great. A commercial pump may be the best choice when maintenance is done
at longer intervals by somebody with access to a wide range of tools and comp-
onents.
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Part Il A more Technical look at Automatic

Hydraulic Rams

1. Introduction

2.

This part of the mamual will be of interest to those who have a basic
understanding of engineering materials, and fluid mechanics. It will be of
use to those who wish to build rams with different sizes to the one de-
scribed in Paxt 1.

Commercially available rams have been redesigned and refined by field
experience until they work well under all conditions with the minimum of
maintenance. They are made from solid iron castings, and are extremely
robust - some ram installations have been working for nearly 100 years.

The size of the ram described in Part 1 is necessarily limited by
the size of the available pipe fittings. The strength of the pipe fittings
also limits the size of the ram, - it is doubtful if pipe fittings would
stend up to the savage loads experienced by commercial rams under condi-
tions of high supply heads and supply flows.

Large rams must therefore be made from iron castings, or welded steel
pipe. A technical description of casting and workshop processes are outside
the scope of this manual, but if you have these skills and the necessary
equipment available, this part of the mamal will show you the main design
features to be considered before you design a ram for production.

Ram performance

The way that automatic hydraulic rams work is outlined briefly in
Part 1, and there is little to add to this except to show on a diagram
one pressure pulse cycle of a ram. The diagrams in Fig.6 show in a
very simplified and ideal form the pressure and velocity at the end of
the drive pipe, and the position of the impulse valve, during one cycle.

Rams were built and used for nearly a century before any intensive
research was carried out on their operational characteristics, and they
seem to be almost foolproof in operation. Recent research has clarified
the way that rams seem to work, - references to this work can be found
in the bibliography.
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FIG. 6

DIAGRAMS SHOWING ONE PRESSURE PULSE CYCLE OF HYIRAULIC RAM.
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in ram body. v
Period 2, Flow increases to a maximum through open impulse valve.
Period 3, Impulse valve begins to close causing pressure to build up inside
' ram, The velocity of flow through the ram has reached a maximum,
the maximum velocity being controlled by ram size, -
Period 4, Impulse valve has closed, causing the pressure pulse or hammer to
pump some water through the delivery valve, Velocity of flow
through ram rapidly decreases.
Period 5, Pressure pulse rebounds back up drive pipe, causing a slight

suction in ram body,
its own weight,

Impulse valve opens under this suction and

Water begins to flow again through the impulse valve, and the ram
cycle is repeated,
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3. Some design considerations

3.1 CONSTRUCTION MATERIALS

When the column of water in the drive pipe is suddenly retarded by the
closing impulse valve, the pressure build up compresses the water, causing
the elastic materials making up the drive pipe and ram body to stretch. In
this way, part of the energy of the pressure pulse is used in straining the
pipe walls. An ideal installation would be one made of completely rigid, in-
elastic, materials, and in this case an instantaneous reduction in the flow
velocity of 0.3 metres/second would cause & pressure head of about .4,6 kgm/cm2
i.e. a head of nearly 48 metres of water. With the materials and valves that are
available, it is not possible to achieve this and Fig.7 shows the equivalent

pressure head produced when different materials are used to construct the ram.

3.2 DRIVE PIPE

a) Length and diameter

Research has shown that the size of the drive pipe does not
affect the ram performance over a very wide range of flow conditions,
and the pipe diameter is usually determined by the pipe materials avail-
able. It is not possible to calculate the size of pipe needed - the flow
of water down the pipe varies cyclically, and the amount of water that
the ram will use depends mainly on the size of the impulse valve and the
supply and delivery heads.

Some idea of a suitable drive pipe diameter for a ram of known
gize can be found from the information given in Table 2 on commercial
rams. The ratio of pipe length to diameter C%) should in any case be
between the limits % = 150 to 1000; outside these limits, the perform-
ance of the ram is impaired. These limits seem to be determined by the
ability of the water column in the drive pipe to accelerate after it
has been stopped.

The cost of the drive pipe is a very major item in a ram
installation, and the pipe should therefore be chosen to have a small
diameter; however, if the pipe is too small in diameter, the viscosity
of the water and the friction on the pipe walls will slow down the acc-
elerating water column and reduce the efficiency of the ram.

The drive pipe diameter is first chosen to correspond with the
size of the ram body, or from a comparison with the commercial rams, and
the length of the pipe found from this, using a ratio % of about 500,
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FIG. 7 COMPARISON OF WATER HAMMER PULSE PRESSURE WITH DIFFERENT
MATERIALS AND VARYING THICKNESS OF DRIVE PIPE WALLS.
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An ideal drive pipe would be made from steel, and the walls of the
pipe would be very thick in relation to the pipe diameter. The diagram
above shows that with an increase in the ratio _1{'.’ the maximam
pressure increase can be expected to fall and the ram will not be able
to pump very efficiently. It can also be seen that concrete is a poor
material for ram construction.

If the instantaneous reduction in flow velocity is 1 metre/second,

then the maximum pressure head increase will be L0 x 46 or 154 metres of

0.3

water.

With an instantaneous reduction in flow velocity of 5 metres/second,
the maximum pressure head should be g—'—g x 46, or 765 metres of water. In
practice, the ram would have to be very large to allow water to reach a A

velocity of 5 metres/second down the drive pipe.
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Some ram manufacturers suggest that the drive pipe length be 4 or 5 times
the supply head.

The length of the drive pipe is quite an important dimension for the
ram design - the compression wave of water must reach the open source and
be dissipated before the water in the drive pipe can flow again through the
impulse valve. The drive pipe length would be critical for a site which had
a source a long way from the ram, with a lowsupply head. In this case, a
stand pipe or feeder tank should be installed.

‘The inlet to the drive pipe must always be submerged to prevent air
from entering the pipe; air bubbles in the drive pipe will absorb the energy
of the pressure pulse, reducing the ram efficiency. For this reason, the
drive pipe must not be laid with any upward bends or humps that could act

as air traps.

b) Pipe smoothness.

The column of water in the drive pipe accelerates and is stopped very
rapidly many times a mimite. The walls of the drive pipe should therefore be
as smooth as possible, otherwise the efficiency of the ram will be greatly
reduced., This is especially -true if a small diameter drive pipe is chosen;

a large diameter drive pipe will have much lower velocities and smaller
friction losses. Concrete lined pipes give a roughwall finish with fairly
high friction losses.

3.3 IMPULSE VALVE

Phis is a vital part of the ram, and it should be designed so that
it's weight and stroke can be adjusted for tunings

SLDILL LerwHT.

{
! STROKE

o) SIMRLE £LACK VALVE b)CLAK VALVE it SPRuste  €) FLEXIALE RUBMER LIASKER.

SoME TYPES O SOCLESSFULL IMPULEE JALUKS .
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A heavy weight and a long stroke will allow high flow rates through the impulse
valve, building up the powerful hammer pulse needed to drive water to high
heads; a small weight and short stroke will 'beat! more quickly and deliver
larger volumes to lower heads. There has been very little research carried out
into the best shape of the impulse valve, but the simple oclack valve seems to
perform quite efficiently.

Various spring devices have been tried to cause the impulse valve to shut
and open more quickly, and several commercial models incorporate these refinements,
(see b above), It is not known if this increases the efficiency of the ram to any
great extent, but it does avoid the need for sliding bearings which have to be re-
placed when worn.

3.4 DELIVERY VALVE

The delivery valve should have & large opening to allow the pumped water to
enter the air chamber with little obstruction to flow. It can be a simple non-

return valve made from stiff mbber, or operate as & clack valve:

!
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3.5 AIR CHAMBER

This should be as large as possible to compress and cushion the pressure
pulse from the ram cycle, allowing a more steady flow through the delivery pipe
with less’friction,loss. If the air chamber becomes filled completely with water,
the ram will pound savagely and may result in breakage; when this occurs, the
ram must be stopped immediately. Some authorities suggest that the volume of the
air chamber should be equal to the volume of water in the delivery pipe. On long
delivery pipe lengths, this would give an absurdly large air chamber, and a
smaller size should be chosen.
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3.6 AIR VALVE

The air stored in the air chamber is either slowly absorbed by the
turbulence of the water entering through the delivery valve, or is lost
into the delivery pipe. This air has to be replaced by the air valve.

The air valve should be adjusted so that it gives a small spurt of
water with each compression pulse. If the valve is open too far, the air
chamber will fill with air, and the ram will then pump only air. If the
valve is not sufficiently open and does not allow enough air to enter,
the ram will pound with a metallic sound and break - this condition should
be corrected immediately by increasing the opening of the air valve,
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3.7 DELIVERY PIPE FROM RAM TO HEADER TANK

Water can be pumped by a ram to any distance, but & long pipe will
involve some work by the ram in moving the water against pipe friction.
The delivery pipe may be made from any material, including plastic hose-
pipe, providing that it can stand the pressure of the water. Several rams
can also be connected to the same delivery pipe if the initial ram install-
ation proves to be too small.

The ram should therefore, be located as near as possible to the header
tank and the delivery pipe should be made larger with long distances, or with
increased volumes of pumped water:-

Pumped water
(1000 1itres/day) 3 9 14 23 5 90 135

Delivery pipe bore (cms)| 2.0 2.5 3.0 4.0 5.0 6.0 8.0

29.



TABLE 2 PUMPING PERFORMANCE OF BLAKES RAMS.

This table gives the quantity, in litres, of water raised every
24 hours, for each litre of supply flow used per mimute, under the chosen -
conditions of delivery head and supply head. These figures have been ob-
tained from field trials on Blakes rams, which operate at efficiencies of
about 65%.

Supply
Head (Hs) ’ Delivery Head (h,). (Metres) .
(Metres) |5 7.5 10 15 20 30 40 50 60 80 100 125
1.0 144 77 65 233 29 19.5 12.5 3
2.0 220 156 105 179 53 33 25 19,5 12,5
3.0 260 180 130 87 65 51 40 27 17.5 12
4.0 255 173 115 86 69 53 36 23 16 )
6.0 282 185 140 112  93.5 64.5 47.5 34.5 )
7.0 216 163 130 109 82 60 48
8.0 | 187 149 125 94 69 - 55
9.0 212 168 140 105 84 62
10.0 245 187 156 117 93 69
12.0 ’ 295 225 187 140 113 83
14.0 265 218 167 132 97
16.0 | 250 187 150 110 .
18.0 280 210 169 124
20.0 ‘ 237 188 140

TABLE 3 CAPACITY OF BLAKES RAMS

This table shows the supply discharge Qg which can be used By
Blakes Hydrams of different sizes.

Size of Hydram (Blakes) 1 2 3 3 4 5 6

Internal Diameter | mm 32 38 51 63.5 76 101 127 : *
(bore) ins 1 13 2 2% 3 4 5

Supply Discharge Qg From 7 12 27 45 68 136 180

(litres/min) to* 16 25 55 96 137 270 410

Maximum height to
which Hydram will metres|150 150 120 120 120 105 105
pump veter (h,)

* Note: The higher values of QB are the volumes of water used by the Hydrams
at their maximum efficiency; the rams do not have the capacity to
pass larger amounts than those given.
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Designing the ram size

The site conditions of supply and delivery heéd, and supply discharge
must first be measured before a ram size can be chosen to pump water at the
required rate,

The ram performance data given in Tables 2 and 3 has been obtained by
tBlakes Hydrams Ltd.' (see bibliography) from field trials on their rams.
These operate at a maximum overall efficiency of about 650.

Efficiency E = f-d_’E_h_d x 100¢. where q4 = pumping rate (1itres/min)
' Qs x Hs QB

g = delivery head (metres)

supply flow rate (litres/min)

=2
n

H

g = supply head (metres)

The overall pumping efficiency of a ram depends on the materials used to
make the ram, the design of the ram, and its tuning - the efficiency cannot be
calculated from basic principles. However, if a ram is designed to the general
recommendations given in this mamal, its efficiency of operation will not be
very much less than that quoted by Blakes Hydrams Ltd. for their equipment,
and Tables 2 and 3 may be used with confidence.

Example of ram design calculation

Site measurements:
Supply Head (Hs) = 5.0 metres
Delivery Head (h;) = 40.0 metres
Amount to be
pumped/day (qd) = 8500 litres
From Table 2, with Hs = 5,0 m, hd = 40.0 m, and if the flow rate down
the drive pipe is 1 litre/hin, then 118 litres of water will be pumped each
day to the header tank.
But 8500 litres/day are needed at the header tank, and the ram which
can pump this needs to be able to use a supply flow of:-

Q = 2?%% = 72,0 litres/min

Now, from Table 3, & Blakes No. 3} ram will be satisfactory, or a ram
with an internal bore greater than 63,5 mm.
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Laboratory tests carried out on the ram built from

5 Part 1 instructions.

The ram pump described in Part 1 of this manual, was constructed and tested

in the laboratory. Our observations are given below.

51 OPERATING THE RAM.

The ram can be made to operate for different conditions:-

a) to

pump as much water (qd) as possible up to the header tank.

This means that the flow at the source must always be greater

than the flow into the drive pipe.

b) to

operate with a limited flow from the source, The pump must

then work with this flow (Qs) at the highest efficiency possible.

The water level at the source should always cover the inlet to

the drive pipe, or the ram will suck in air and cease to work.

5.2 OBSERVATIONS ON RAM BEHAVIOQUR.

The following general remarks may be made:-
a) the pumping rate (qd) reached a peak during adjustment of valve
stroke and spring tension; tuning the ram with the stroke
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b)

adjustment bolt (SAB), and spring tension bolt (STB) -
is quite critical but is very simple in practice.

there are several positions of both the SAB and STB
which give the same pumping rate (qd), but using
different amounts of water from the source (QB)’ The
setting with the shortest stroke, the lowest spring
tension, and using the smallest amount of water, should
be chosen in order to reduce valve wear and wastage of

water,
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c) adding weights to the valve spring will reduce the spring
tension needed for slow beating on large stroke lengths;
this may be necessary or the spring will become distorted
when tuning for high supply heads.

5.3 TESTING THE RAM.

The ram was constructed in the way described in Part 1 and tested in the
laboratory for a wide range of valve settings. The supply and delivery heads
were kept constant throughout the tests, and our results may well form a
different pattern to those of a ram tested under different heads.

The impulse valve was tuned in the way described above, and the pumping
rate (qd), supply flow (Qs), spring tension (W), valve beat, and stroke (8),
measured and recorded. The spring tension (W) was the force required to just
hold the valve closed with no water flowing; it was measured using a small
spring balance attached to the impulse ¥alve bolt.

Other tests were carried out on the ram in a similar way by adding weights
onto the impulse valve bolt and taking readings as the valve stroke was reduced.
The STB was not adjusted, and the valve stroke was not measured. These are tests
Bl, B2 and B3 in Table 4.

- 5.4 TEST RESULTS

The results of our tests are given in Table 4 and the following observa-

tions can be made:~

a) At a valve stroke of 11 mm the force required to shut the valve
was 0.91 kgm, and the valve did not shut by itself when water
flowed.

b) At each valve stroke setting, increasing the spring tension
increased the pressure of water needed from the flow to shut
the valve. The supply flow (Qs) and valve beat varied with
spring tension, giving different pumping rates (qd).

The peak pumping rate does not necessarily mean that
the ram is operating at its greatest efficiency (E).

¢) Decreasing the valve stroke decreased the amount of
flow through the ram at the initial STB setting.

d) Adding weights to the impulse valve beat does not
seem to improve the performance of the ram, except
that it needs less water down the drive pipe. It is
possible that using weights instead of tensioning the
spring will lengthen the life of the spring.
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Table 4. Test results on automatic hydraulic ram

Supply Head (Hg) = 1.70 m Delivery Head (hy) = 4.04 m

q h
d x d x 100%
Effi E=
ciency | PER:
Test | Spring Valve T Valve a3 % E%
No. Tension Stroke Beats
¥ (Kems) (mm) (eycles/min)| (L/min)| (L/min)
Al 0.91 11.00 - - - -
A2 0.78 9.5 58 2.60 21,10 29
0.82 9.5 58 2.70 19.70 32
0.96 9.5 50 2,40 | 22.60 25
A3 0.64 8.0 80 - 2450 15.64 38
0.77 8.0 66 2,80 | 18.02 37
0.87 8.0 45 1.90 | 23.70 19
A4 0.54 6.0 96 2.35 | 10.85 52
0.64 6.0 78 2.82 14.66 46
0,82 6.0 58 2.60 | 19,06 32
0.95 6.0 48 2,40 | 23.44 24
A5 0.36 3,5 160 1.32 6.46 49
0445 3¢5 134 1.76 T.40 57
0.59 3¢5 116 2,00 8.50 55
0.73 . 345 96 2.42 11.30 51
0.82 3¢5 66 2,68 15.76 40
Bl 2.31 10,00 152 1.25 5.40 55
128 1.50 T+25 49
104 1.94 9.69 46
88 2.16 12,11 42
78 2,23 | 12.64 42
B2 4.60 10.00 154 1.44 6.71 51
132 1.60 6,68 51
100 2,02 10.46 46
76 2,24 14.31 37
B3 9.14 10.00 250 0.72 2,85 60
116 2.00 8,34 57
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6. Annotated Bibliography for the Automatic
Hydraulic Ram
6.1 "The Automatic Hydraulic Ram" - J. Krol, PROC.I.MECH.E., 1951
vol.164, pp.103

This paper gives & thorough analysis of the theoretical cycle
of operation of the hydraulic ram in terms of the physical dimensions
and properties of the materials making up the ram. It emphasises the
importance of the correct tuning of the impulse valve. Performance
curves for the experimental ram are given, with Hs = 13 ft (4 metres),

D = 2 inches (5 cms), hd varied, and impulse valve characteristics

varied. This is a most useful technical paper,

"After describing the operation of a typical hydraulic ram
installation, the paper reviews the fundamentals of the water hammer as
a prerequisite to the proper understanding of the limitations of this
hydraulic machine. The historical development is discussed in some de~
tail with the object of ascertaining what research work remained to be
done. The author presents his own theory based on the application of
general laws of mechanics to the gtudy of a specially designed exper-
imental hydraulic ram. By means of a theory developed, which agrees
satisfactorily with experiment, it is possible to forecast the behaviour
of any automatic hydraulic ram, provided that the following four proper-
ties at a given installation have been determined separately by experiment:
(a) loss of head in the drive pipe; (b) loss of head due to the impulse
valve; (c¢) drag coefficient of the impulse vales; and (d) head lost during
the period of retardation."

6.2 "The Hydraulic Ram" - N.G. Calvert, THE ENGINEER, April 19th,1957.

Extensive experiments were carried out to understand the
performance characteristics of the hydraulic ram. This is perhaps the most def-

initive technical paper available:-

"The possible independent variables of a hydraulic ram installation
are considered and by certain assumptions their mumber is reduced to eight.
Hence five dimensionless parameters are needed to describe the dependent
variables. These are the Reynolds number, the Froude number, the Mach mmber,
the head ratio and the coefficient of fluid friction. Each parameter is in-
vestigated in turn and it is found that the Reynolds mumber is ineffective
in machines of practical size and that a range exists over which the Mach
mmber has little influence. The Froude mumber is the criterion defining the
possibility of operation and (subject to a satisfactory value for the Froude
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number), output and efficiency are defined by the head ratio. The optimum
external conditions of operation are investigated and the conditions
governing model tests are laid down'.

6.3 "Drive Pipe of Hydraulic Ram" - N.G.Calvert, THE ENGINEER
December 26th, 1958

This paper is a continuation of the work described in reference
6.2 and gives limits to the dimensions of the drive pipe.

"In an earlier article (Calvert, 1957) the author applied the
methods of dimensional analysis to a hydraulic ram installation. The
relevant parameters were shown to be the head ratio, the friction coeff-
icient, and the dimensionless numbers corresponding to those of Froude,
Reynolds and Mach. Of these the first three were shown to be the most
significant. In the present investigation the ram itself (as distinct
from the whole installation) has been considered as an entity. The length
of drive pipe then becomes an extra variable and the relevant dimension-
less ratio is taken as the L/D value for the pipe. As with all the other
factors connected with the hydraulic ram, knowledge of the best length of
drive pipe is purely empirical. Records of systematic experiments on this
variable are rare; the author does not know of any since those of Eytelwein
(1803). Krol (1951) developed analytic expressions for ram performance in
terms of drive pipe length and hence predicted a set of characteristic

carves, but produced no experimental work in support of them."

6.4 "Hydraulic Ram as a Suction Pump" - N.G.Calvert, THE ENGINEER,
Vol. 209, April 18th, 1960, pp.608

An adaption of the hydraulic ram to act as a suction pump is
described; possible applications might include the drainage of low lying land,
the emptying of canal locks, pits, etc. The hydraulic ram can be adaptable to

many other uses, such as a compressor, motor, etc.

65 "The Hydraulic Ram for Rival Water Supply" - F.Molyneux,
FLUID HANDLING, October .1960, pp.274

A general description of the hydraulic ram, with a design problem
worked out. The impulse valve is a weighted rubber ball, which would be very
difficult to tune.

6.6 "A Hydraulic Ram for Village Use" - V.I.T.A., U.S.A.

Working instructions and drawings on how to construct a small,
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