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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 II, we describe in greater detail the ran^e of operation of
ram pumps, and the different materials that have been used to make them.
We have taken information given in the trade literature of a commercial
ram manufacturer, Blakes Hydrams Ltd., to demonstrate the simple calculations
that you will need to design a ram pump to suit your site conditions. This
information will be of use mainly to those with some technical and workshop
experience who wish to make large rams.
We have not attempted to describe the complex relationship involved in
the hydraulic behaviour of the water moving 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 vertical distance between two water levels is known as
the 'head' of water available and is a measure of the water pressure.
For 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.

vi

Part 1 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 he 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 manual 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 wastes a lot of waters, 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
rise in the ram, which will, if it is large 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
pressure changes in the ram, allowing 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 beoomes mixed with the water and lost to the header tank.
The ram is 'tuned1 to pump the greatest amount of water possible, and
this normally occurs when the ram oycle is repeated or 'beats' about 75 times
each minute.

5. 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 difficult, and is
described below.
5.1 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 planned 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 minute can then be
measured. The dam may be made from any material, wood, metal sheet,
planks etc., but you oust make sure that there are no leaks!-
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b) Measuring larger flows*
The ram described in this manual requires only a small
amount of water to make it work, and often you can see by
looking if the flow is large enough. 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 top:-
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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 273 litres/min.

3.
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w® mm.
Fig 2 •

Plow of water over a triangular V-notch.

4.

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 MEASPBIKG THE SUPPLY AMD DELIVERY HEAPS.
Most rams will work at their "best efficiency if the supply head is about
one third of the delivery head, but often the site will not allow this, and
you 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
slope. The supply head can be increased by leading the water from the supply
source along a feeder canal or pipe to the drive pipe inleti-

You will only need to measure the supply and delivery heads if you need
to make 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 much 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 attached to a stick. A method of measuring
the supply head is described below:-
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i. Set up the level near the source, and take a reading on a graduated measuring staff held by your assistant on the water surface
of the source. Record this reading in a note book. ( HI )•
ii. Turn the level around on the same spot, and ask your assistant
to carry the measuring staff down hill. The staff is held upright, and you take a second reading whioh you again record. ( H2 ),
iii. Your assistant will stay on the same spot with the measuring staff
whilst 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 followsiSupply Head • H, - H , + H. - H, +

etc.

The delivery head i s measured i n a similar way.

4 . Designing the ram.
4.1

HOW MUCH WATER CAH THE RAM PUMP
The simple ram pump made'from commercial pipe fittings described
in Section 5 of this manual, needs a supply flow of at least 5 litres
each minute. Using this supply flow, the smallest amounts of water
that this ram may be expected £0 pump each day for different supply
and delivery heads, are given in Table 1.
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TABLE 1

SupHea

(me
1
2
3
4
5
6

7
8
c
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DAILY PUMPING RATES FOR RAM PUMP (litres of water)

Supply
Head
(metres)

1
2

Delivery Head (metres)
5
400

3
4
5
6

15
200 150
80
550 390 2?0
650 450
650
750
7.5

10

60

80

100

60

50

320 220 150

130

100

430

300

200

150

130

550

370

300

250

200

700

450

350

300

250

550 410

320

270

450

370

300

600

450

400

750

550

470

650

550

30
70
90
120
150
200
250
300
350
400
470
520
600

40
60
90
120
150
150
230
280
330
370
420
450

20

30

40

50

70

50

30

20

200

130

80

7
8
10
12
14

620
700

16

18
20

1!

W e have n o t b e e n a b l e to test the r a m pump over this w i d e range

2<

of supply and delivery h e a d s . W e h a v e assumed that i t will pump a t
only o n e h a l f the rate o f a comparable commercial r a m manufactured

Ml

b y B l a k e s H y d r a m s Ltdo ( see Table 2 , page 3 0 ) .
T h e ram will pump a t a faster rate i f the impulse v a l v e is

(«

properly tuned, o r i f the supply flow i s more than 5 litres p e r

c<

minute.If f o r example, y o u r ran installation c a n b e tuned to

tl

allow a flow o f 15 litres p e r minute d o w n the supply p i p e , then
the r a m will pump three times the amount g i v e n i n 'Table 1 .

c«
He
w:
Example
Supply Head

=

4.0 metres

Delivery Head

= 30.0 metres

Prom the table, a Blakes Hydram of similar size will pump 1.15 x 1 0 0 0 =
1150 litres of w a t e r i n 24 hours u s i n g a supply discharge o f 1 0 litres/min.
O u r ram should be able to pump at least f of this amount, o r 1 1 5 0 x £
860 litres/day.
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The greatest amount of water this ram can use from the source is governed
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 manual.
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 original 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, next to
each other.

H t P i b t t t TfeMtt.
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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 limits T: = 150 to 1000. These are very broad limits. We suggest
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 11.

Example
Supply Head

•»

4.0 metres

Drive pipe diameter (D)

=

25 mm.

8.

a) Use -j
L
b) Use L
L

»

500

-

500 x 25 = 12500 mm or 12.5 metres.

- 4 x Supply head
=

4 x 4*0

= l6.0 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.

4.3

CHOOSING THE DELIVER! 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 internal bore of 20 mm; plastic hosepipe 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 water 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 must 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 will 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 your daily water requirements, 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.

5. Building the ram.
You can build a ram from any size of pipe fittings that you have available, and the way that these will work is described in Part 11. The ram described 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 maximum ram size that can be made. The finished ram is shown below and in Pig.3

l_£fr
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The main points you should note when you intend to build this ram areia)

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 or 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.
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FIG 3

GENERAL ARRANGEMENT OF RAM CONSTRUCTED FROM PIPE FITTINGS
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d)

there are obviously any number 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«l

centrally over the 30 mm diameter holei-

VALVE P L * T £
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TO

PLAfg

This will leave a lip inside the pipe connection about 10 mm wide all
round, which will act as a seating for the impulse valve washer. Pile or rub
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 shown below, this will set the spring with the drilled holes
in the correct positions:-

fi>£Mk £CMT££
t-lMK.

&K.UblOA THE

50 mm pi^e

APQ.»Jfr

12.

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 plate:-

ft>6LT

We have chosen this system of impulse valve assembly 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

AS 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.
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FIG 4

4. 1.

CONSTRUCTION OF IMPULSE VALVE

(Dimensions in millimetres)
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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 falling under its own weight at the finish of each ram cycler-
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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 nan 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 "J.
5.2

MAKING THE DELIVEHY VALVE.
The delivery valve prevents the pumped water from flowing back into the

ram after the pressure pulse has been dissipated. 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*-
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CONSTRUCTION OF DELIVERY VALVE
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Cut the plate to shape and file smooth to fit exactly into the end of the
pipe connector, and veld 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 blocked by a fine wire split pin which moves with pressure changes in the ram, keeping the
hole open and allowing air to enter. Fig.5»
Make sure on assembly that the air valve is placed on the opposite side, to
the delivery pipe outlet, otherwise the air 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.
5.5

MAKING THE AIR CHAMBER.
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.

6. Assembling the ram at the site.
a) 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*
b) The impulse and delivery valves must move freely and when
closed seat evenly on the valve plates.
c) 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.
d) 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.
e) The inlet to the drive pipe must always be submerged, or air
will enter the pipe and prevent the ram from working.

7. 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 minute, 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) 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 slipping a measured pile of steel washers under the bolt and screwing
the bolt down onto them.
b) Remove the washers, release the impulse valve, and adjust the
'spring 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 nuts, and allow water to enter
the drive pipe. Hold the impulse valve closed until the
drive pipe is full of water, then release the valve, moving 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 reset the SAB and STB in the way described in a, b, and c, above
to give a stroke of 13 nun.
e) When the valve works correctly, repeat a, b, and c, above for
valve stroke settings of 1}, 11, 9> 7» 5i 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 described in a, b, and c, to the stroke setting that gave the
best pumping rate. If the pumping rates for several of the
valve settings are similar, choose the setting with the smallest stroke - this will mean a smaller spring tension and therefore 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 minute, by tightening the spring tension bolt
until the valve beat was 75 cycles per minute. 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:a) 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.
b) 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.
c) 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.
d) 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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