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INTRODUCTION

This technicel bulletin describes the constructionm of a hydraulic
ram puup from commercially aveilable galvanized iron pipe fittinga. It
also includes informatiom on ita performance to assist the reader in
making optimm use of this pump and in eatimating its performance at a
specific site. The methods for ram installation, operation, end trouble
shooting are not included since they are no different from those covered
in most other literature on rams.

The ram described herein has
been tested at drive heads of from
0.5 to 4.0 meters and can he used
at atill] higher heada. It is capable
of delivering water to heights of up
to 20 times the actusl drive head
used, The amount of water required
to operate the pump and the amount of
vater delivered depend on a number of
factora., For delivery heads about ten
times the drive head, the pump can deliver about 2,5 liters/minute
(3600 liters/day). Under usual operating conditions, the ram would use
30-40 liters/minute though it is possible to adjust the pump so that less
water is used. Under these conditions, efficiencies of 65%-75% should be
attainable, This efficianqy is comparable to that of commercial rams,

The hydranlic ram pump described in this bulletin ...

+ee Toquires only commercially available pipe fittings and tw
homemade valves

ses Can be constructed by following simple, step-by-step instructions
requiring no special skiils

s+ roquires the use of only handtools and a drill press. The use of
a laths and grinder might aimplify some aspects of the work but
these are not necessary, Neither is a tap and die set required

++o Poquires no welding, brazing, or soldering, Studs and nuts and
bolts are the primary load carrying members and epoxy adhesive




sorves primarily as a sealant and is not subject to large stresses

«s» should coet about US$50 (excluding the costs of drive and
delivery pipes, the ram foundation and housing, and gate valves
agince thess coate are part of any ram installation, wvhether
homemade or commerciasl

There are numerous variations to the construction of the ram as
described in this bulletin, The techniques used in its actual construction
may depend on what tools are available. The method described herein avoidas
the need for specialized tools and expenaive materials to build a ram which
is low-cost and simple, yet rugged and efficient. It is quite probable
that those who have had machine shop experience will prefer alternative
tedhniques of comstruction,

An é.ftempt has been made to use the metric sysiem of measuremente.
In « number of cases, the English system is used since pipe fittings,
ascrews and bolts, etc. are atill often available according to this systenm.

Testa are presently continuing to determine the durability of the
various componenis of the ram and to determine what problema are
encountered in the field. However, after woriking a year in developing
this wmit, it is felt that the major mechanical problsms of the deaign
prosented in this bulletin have already been sncountered and resolved,

-~ Upiversity of Technology
Las, Papua New Guinea
~ Septeaber, 1977
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bush and a 2" nipple are used to make the waste and check valves. The
construaction of these two valvea is described in the following pagea. The
other galvanized iron pipe fittings which are required to complete the
construction of the pump are as follows:

3% x #" reducer bush (another size reducer bush may be required
if a drive pipe smaller or larger than #" is used, see the
comments on drive pipe diameter on p. 30)

2" x 4" reducer tee (if the delivery pipe is longer than about a
hundred meters, using a 2" x " or 2" x 1" tee and the
correspording size delivery pipe would reduce frictiom loases
and permit more water to be

‘ delimed) I e 2" cap

2" pipe, about 50 em long, ———
threaded at both ends \

3% x 20 peducer bush — 2 pipe

2" male-fomale elbow (90°)

2" cap - A

3" teg -~

N
Txta redocer tez

’/; dchberg
pipe

watie valve
(3"« 24" reducer bush)

~e— check valve
(2" mppie)

2" mske. Female
albow




WASTE AND CHECK VALVES

The only two parts of the pump vhich have to be built are the two
valves —- the waste valve and the check valve. Sectional views of these
valves are shown below and on tha next page. One method for the con-
struction of each valve iz described in‘the following pages. As noted
before, alternative methods for their construction may be preferred. In
this case, reference can be mads to these instructionse to obtain dimenasions
and to note the mammer in which the various parts are put togsther.

MASTE VALVE (drawn sctual size)

A" x 3/8" steel bolt

—

VALVE GUIDE 77
(pp. 9-13)

2 J Y

3% x 209 reducer bush

S

4

VALVE SEAT - {

i S
(pp. 6~9) 3 o " selvenised disk (p. 0)
3 _ N
VALVE —" o mans ai
(pp. 13-15) <=J \\ rubber disk (p. 15)
steel disk (p. 14)

bushing (pp, 13=14)




CHEX VALVE (drawn actual size)

VALVE GUIDE

(pp. 22-23) \ valve stop (p. 23)
= bushing (p. 22)
VALVE ]
(pp. 19?\ =

VALVE SEAT ——3Z]
(pp. 16-19) 32

37 rubber disk (p. 21)

.
% SNIFTER VALVE
(p. 24)

g
} AN
A
TEE ESES i

Materials Required for Both Valves

*7,

*2'

*3 .
*he
*5 .

3" x 23" reducer bush

3 mn (1/8") steel plate, two pieces each about 10 ca square (thicker
plate can be used but it may make construction a little more difficult)
several steel nails about 2 mm diameter (not larger)

epoxy adhegive

3/4" x 1/8" flat mild steel strip at least 21 cm long (a 3/15" thick
strip can be used but it is more difficult to bend)

/A" x 3/8% steel bolt .and two nuts

4" digmeter stesl bolt with a portion of the shank unthreaded or a
short length of 4" round rod

galvanized sheet about 1 mm thick, about 5 cm x 10 em




%9, 6 om ($") insertion rubber, about 7 cm x 12 ca
*10, 2" nipple
*11. 6 m (") steel plate, about 5 em square
#12, 1" diameter steel bolt with a portion of the shank »ithreaded or a
short length of 4" round rod
*13. three 3/8" x 1/8" countersunk metal thread screws (or longer) and nuts
*14.  W" x 3/16" round head screw end nut
#15. cotter pin or pail 1-2 =m diameter

Tools Required

- drill press with complete set of drills
drill) press vise or clamps
hacksaw |
tin snips, sharp kmife, or razor blade (to cut insertion rubber)
hamoer (preferably ball peen)
canter punch
table rise i
files, romd and flat (a set of amall files woyld aleo be useful)
scribing compass
pliers
emery or sandpaper
Tuler
squere

© 1. (making the velve seat)
Smooth both faces of the
reducer bush (*1) by rubbing
each face on emery or sand-
paper resting on a flat
swface. Remove any high

ots with . .
opote : « e <J:'rm'y or sandpiper

redocer bush




2, Measure this diameter. ' ———

F—"

Note that this measurement I

does not include the width
of the thresds.

—

reducer buosh

" 3. Using a flat piece of 3 mn steel plate (*2) ...

+e» Soribe a circle with a diemeter equel
to the measurement mede in step 2.

Using the same center,
soribe another circle
with a radius of 5.0 om,
then ...

ves drill a eircle of
holes to iremove the
center portion end

file the immer circle
emocth, tben finally ...

./ |
S — +eo cut around the

e¢ircle with a hacksaw
and file the outalde
circle smooth

valve uat/

&Mdoﬁmdmothmeedge e _
of the imer circle of the N\ \_\!
valve geat. : W-

. valve sesl

(section view)




5. '(faste'ning the valve seat to the reducer bush)

Garefully center the valve seat on the bush and then drill 3 holes the
size of the nails (#3) around the outside of the valve seat imto the
center of the bush wall as shown and countersirk slightly.

To ensure that thae rounded edge
holes in the valve of valve seat ?

seat and bush are
N = aligned, as soon as
N == e ¢h hole is drilled, reducer
ingert a nail te hold the bush

valve seat in pleace,

6. Using a drill several times larger, £ 1
drill three holes through the side '
-0f the bush as shown, 77

7. With the velve seat and nails in
plece, make sure that the outside
edge of the valve seast does not
_extend beyond the rcot of the threads,
. 'mj,s can be .chqqkad by screwirég the
 reducer bush (with the valve seat in
place) into the 3" tee and feeling if
'_.".t'h_ere is any resistance as it is screwed
in, File any portion which extends beyond.

-8, Cut of £ the zlppér'portion of each of the three .
nails as shoun.

"9, Prepare the surfaces of the valve seat and reducer bush
- to be glued (remove any greese and roughen the surfaces), Then ..




Apply epovy
on nails snd

on swrfaces
Hhich touOh ses

ees and hﬂmer nails with

10, Hammer & lerger nail with a rownied point
through the three holes eaa shown to bend
the foot of the nail rivets., Do not bend
the pail rivets too much because they may break. )

1", When the epoxy has dried, file the heads of the

nail rivets. Avoid making deep scratches on the valve seat.

12, (meking the valve guide)
Cut two lengths of the flat atrip (#5),
one 9 ¢m long and the other 12 cm long,

13, Mark the longer length as followss

a ball peen hammer to
mzke rivet heads,

NN

12 cm

upper surface

1.5em

\\
e

-

Mark lines on upper surface

S

gide view

[k Mark lines o/ |

. [ A4 am ———

lovwer awrface

{ )

X

lower sorface

SN




14, Use a vise and hammer to bend this longer length as follows, Note
the position of the marks.

(a) - Bend over
Alwaye keep e,
this piece at —
right angles N
to the vige

R 5 ... e

fronl view
(front view) jaws ok vise

(side view)

(b) Second bend

R

(c) Third bend

|

- (d) Pourth bend

e
R




After this long piece has been Iproperly bent, it should fit flat over the
ghorter, flat piece. If not, rebend until it does.

kX

15, (fastening the vslve guide to the reducer bush)
Drill s hole the size of the nails (*3) in the center of each end of
the valve guide so that each hole ends up above the center of ithe wall
of the reducer bush {see drawing below to the right). Slightly

valve guide }

countersink thess holea.

7
T 77 L e i@
{
47
redvcer /
= 7

16. Plece the fiat portion of the valve guide
as close to the center of the bush as
possible and continuve drilling the drill through the well
holes into the bush ... of the bush.

7N =y n,
>’ /

+s+ then as in step 6,
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18.

Cut the h_ails to tha proper
length =2d prepere the
surfaces to be glued as before ;
before {steps 3,9). Glue
the two portiona of the
valve guide to the bush
with epoxy. Hammer rivet
heads on the nails. Bend
the foot of the nail rivets
as before (step 10). Set
agide to dry.

% A 7
Y, YA LI,

(drilling the valve guide) |
Determine the center of the valve guide so that it falls as close to
the center of the bush as possible,

One vay of doing thia is to place the bush on a flat surface pushed
@agajnstaspamblockandaaquare. Then ...

«+s this point is the center

of the valve guide if ...
eee thig distence between thie point

and the square is constant as the
bush is held against the block and
rotatdo

12
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19. Center pwich the cepter and drill a

hole about 010" (0.25 mm) larger
than the diameter of the shank of the
3/8" bolt (#*6) through both portions
of the valve guide. Make sure that
the valve seat lies completely flat .
on the drill press table so that the ’/_ x
drill is perpendicular to the valve
seat,

(If no micrometer or venier caliper
is availsble to determine the proper drill press tsble
drill, select what is thought to be
the correct drill. Through a piece
of gscrep metel the same thiclmess as

- used in making the valve guide, drill a hole

20,

and insert the 3/8" bolt in almost all the
way. MHeasure the maximum distence the end
of the bolt can move from side to side if
the piece of scrap metal is held firm. If

a 3 mn flat strip was used to make the valve
guide, this distance should be 2-3 cm if the
hole is of the proper size, If a 5 mm flat
strip was used, this distance should be
1:5~2 em. If the proper drill is not avail-
able, an undersized hole can be filed lerger.

(making the valve - bushing)
Uaing the 4" bolt or round red {*7) ...

sse 4ril) a hole in the center
...,,"W whose diameter is equal to the

| diameter of the threaded portion
N arp ey of the 3/8" bolt (%6).




21. Cut off a length slightly greater {u.n
the sum of the thickness of the ateel

plate (*2), the galvanized sheet (*8),
and rubber (%9), ;%'l

p—— Ly A
1 |
| |

L E
pisce from atep 20 "‘/ \ ﬁ

22. {galvanized disk)
Uging a pisce of galv:ized sheet (*8) .., N

ess 8cribe a circle with a diameter
.. \\ °f 4.0 cml.

~¢—— ——— In the center, drill a hole vhose

' ! diameter is slightly larger than the
. diameter of the bushing made in
——— step 21, then ,,,

»+s cut around the circle with a hacksaw and file amooth,

23. (steel disk)
Using a piece of 3 mm steel plate (*2) ...

ees BCPidbe a circle with a
diameter equal tc 6.5 om.

In the center, drill a hole
the same size as in step 22,
then ,,,

sss GUt around the circle
with a hacksaw and file
smooth,




24, (rubber disk)
In the center of a 7 cm square piece of insertion rubber (*9), drill

tha asma siza hale as in gtena 29 and 23 A rlaanar st aan ha mada
wahver L= Ll b L= L= aliege § w-vrw [ - e L] LR L g = g e W o baa o el LA

if the rubber is clamped between two pieces of wood before drilling.

25, Align the holes

s~ —
;e

and the rubber
(from step 24) ...

«s+ then trace the
outline of the disk
on the rubber and
cut out rubber disk,

T -

26, (valve assembly and adjustment)
Assemble the valve as shown.

N\

a——gteel bolt {#6)

AN

bushing
(step 21)

out
~ rubber disk

/ (step 25)

gelvanized disk (step 22) —_

ateel disk (step 23) ——

NI

W

nut
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The bushing should be of such a length that when the two nuts are
tightened agesinst each other, the disks are free to twist about 1 mm
up or down from the horizontal., If the bushing ia toe long, shorten
it wtil the digks move only
a little,
(drawing a%erated
for illustrative

purposea)

27. (assewbling the waste valve)

Put together the entire valve gasembly., The G2
valve must be able to move up and down /
sovpletely freely in the valve guide, If the

shank of the bolt has any irregularities or
burrs that prevent perfectly free motion,
file than off, Also file off any epoxy
remaining in the threads of the bush so
that it screws easily into the 3" tee.

In 11 - V.

1. (msking the walve seat)
Measure the immer diameter of this end ...\

sl i

nipple (#10) —— .S/ ... and amootk the
inside of this end
of the nipple with
a round file,

MR
\\\\\\\




2. Uging a piece of 4" ateel plate (*11) ...

/ ees Beribe a circle with a diameter
equal to the measurement made in
ﬁ atep 1, and then ...
«se Canter punch the centar of the
eircle.

/ Soribe another eirecle with a radius

, /
\ of 1.4 QI than ...

«++ with the same compass setting,
carefully divide this circle by six
equally spaced points. Center punch
these points.

3. Using the same piece as in the previous atep ...

hacksaw and file this circle
smooth so that this piece fits
snugly into the

end of the nipple. vive sest
<<=

nipple

17




rasn.

4e (fastening the valve seat in the nipple)
After preparing the surfaces by removing
any grease, glue the valve geat so that

it is flush with the top of the nipple ... ,"_vdye aeal
S~ r -
«+s then set the nipple f
wpeide down on a flat 7
surface to dry. . :j
/ npple
7

5. After the epoxy has dried ...

ses drill three holes the
diemeter of the nails (*3)
partially through the valve
seat,

valve segt

valve seat

nipple

6 Cut three lengths of nails {*3)
long enough to fit into these
holes but not so long that they
interfere with the threads of
the nipple., Glue these nails
in position with epoxy and let

ary.




7. Once the spoxy has dried, file the top of the valve seat so that it

8, (making the valve - prepering a jig for drilling)
Take a amall scrap of wood and ...

r
/”— P Bcriba a Qirﬁle with a
diameter of 4.7 om.
Using the same center, scribe
T e circle with a dismeter of
about 3,0 cm and with the same
compass getting, divide this

eirele by six sgually spaced
L e points.

9+ Sendwich a piece of insertion rubber (#9) and a piece of galvanized
sheet (*8) between two pieces of wood as shown., This sandwich should
either be clamped to the drill press teble or else a few nails should
be driven in around the outside to hold it all together.

. i f wood I tep 8
nails to hold sandwich piece ol wo on step

vith cirecles drawn on
together

\33 q?/upperaurfaoe
S | _o—— rubber

. T //'////_\g

another piece of
vood

is completely flat and file away any epoxy which remains in the threads.




10, Take the sandwich made in the previous step and ...

o -
__ ° ees drill a 5/16" hole
' - in the center, then ...
‘ ses 4rill three equally
% spaced 1/8" holes.
| piece of wood (step 8)
®

insertion rubber
° —~——— galvanized sheet
| ==—— another piece of wood

11, Pertially redrill the three 1/8" holes to cowntersink a short way
inte the rubber for the head of
of the screws (*13).

I rubber

— gdvbn'nzed
sheet

The holes must be countersunk ao that the heads of the screws (#13)
will end up below the swface of the rubber when assembled,

it 8o




12, (galvanized disk)
Take the sandwich apart, then using the galvanized gheet from the

sandwich ...

7 \ : 1
vse carefully scribe a r S \
cirole with a diameter of ™~ | ’ '

7

4.7 cm with the 5/ 16." hole

as its center, then .. , \
{ \
ee. cut around the circle W \/\/,
N
with a hacksaw and file e
\-‘.-P
mothc \
AN //
\ -~
N
\

13. (rubber disk)
Aign the holes in the galvanized disk with the holes in the rubber, ...
then ..,

+se trace its outliine on the
rubber and ...

+e« cut the rubber just a little
outside this o_utline.

v rubber from the sandwich (in this
drawing, the countersunk portion
of the holes are on the bottom
side of the rubber)




e (essembly)

Assemble the valve from the galvanized and rubber disks. Push the
three 1/8" screws (*13) all the way into the countersunk holes in
the insertion rubber and loosely put on the nuts, Do not use a
screwdriver to tighten the serews. If they are tightened too
much, the rubber will not remain flat. Tighten them finger-tight.

Put a dab of epoxy
adhesive on the nu‘ta

to hold them in place %i E — rubber disk (step 13)

galvam.zed disk (step 12)

Trim excess rubber off Trim excess rubber from the
the outside edge making center hole with a small
sure that this edge is file,

straight.

E ¥ iié{i

5. (making the valve guide.- bushing)
Using the 3" bolt or round rod (*12) «..

)

m=——————

W ____1.1=... carefully locate the center
and drill a 3/16" hole,

16, From this piece, cut off a section about 1.2 cm long.

R v
i -

w1t
\‘“ (0




17. (velve stop)
On a scrap piece of 3 mm steel plate (*2) ...

vee 3Cribe a circle whose diameter is 1.5 cm.

Center punch the center and drill a 3/16"
hole and then ...

ees cut around the circle
with a hacksaw and file smooth.

~ =
18, (assembling the check valve)
Put together the entire valve assembly as shoun below.

screw and nut (*14)

steel disk (step 17)
The valve should
move up and down
Tery freely

valve (from step 14)

A

bushing (from step 16)

LX) i

It is important that
epoxy adhesive be
applied around the
head of the screw and on the portion of
the thread next to the head before it is
inserted, otherwise the valve may leak.

TR

&\\\\

The screw and nut (#14) should be well tightened.




19. Using both a sorewdriver and a wrench or pliers,
tighten the mut seourely. The screwlriver is
necessary since the epoxy itself may not hold
the acrew in place.

Cut the screw a little above the nut and
use a center punch to widen the end of
the sorew alightly, This should prevemt
the nut from unwinding off. When center
punching, reat the head of the screw on
a securely held metal rod.

?

maetal vod

20, (making the snifter valve)
Measure the diameter of the cotter pin or
nail (*15) and through one side of the
nipple, drill a hole slightly larger
than this measurement. (See also
- NOTES (2), p. 34)

- 21. Ingert the cotter pin or nail through
this hole and bend the end, This

piece should be free to easily move 7 Z
in and out of the hole sbout half a

centimetar. (Also see note on p, 36.) V [}a
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RAM PIMP ASSEMHLY

The pipe fittings listed on p. 3 and the two valves desaribed in
the preceding pages are assembled as illustrated on that page. The nipple
is inetalled so that the check valve is on top. Teflon tape or a jointing
compound should be used on all threads before screwing the fittings
together. The jJoints at both ends of the half weter length of pipe muat
be completsly leskproof, otherwise the pump may fail to operate properly.
Probably the easiest way to verify that the joints are leakproof is to
obgerve the joints for signs of leaking while the pump is in opération.
Aside from these two joints, the others are not eritical.

When installed on site, the body of the ram should be socured fairly
firmly to the ground and both the waste and check valves must be maintained
in a vertieal position.

PERFORMANGE INFORMATION
Test Ingtallation

The hWypdraulic ram pump described in this bulletin was imstalled for
testing as idlustrated below. The level of water in the stand pipe wuas
maintained at the desired drive head, The drive pipe consisted of about
two lengtha of galvanized iron pipe leading to the pump. Variable
delivery heads were simulated by imposing a kmown pressure (correaponding
to the desired delivery head) on the output.

pressore chemiber

7 1o simolate vargin
$ing

delivery neads

drive 7" . .
nead mdraolic. vam /




Performance Daty

The data presentad on the graph on p. 27 ia for the ram operating
with a 10 = valve stroke. This valve stroke is the distance the wmste
valve is permitied to move up and down. It can easily be adjusted to
either inarease or decrease the rate at which water is used and the rate
at vhich water is delivered by the pump from the values from the graph.
Adjustment of the valve stroke is explainsd on p. 28.

How to Use the Graph

Use of the graph on the next page might best be explained by the
_use of an exanple. Suppose that a ram pwmp with a #" drive pipe is to
be located s0 that the drive head down to the pump is 3.0 meters and the
water has to be pumped up to a height of 35 meters above the pump. (Note
that the actual length of the delivery pipe amay be much longer than

35 maters.)

opcm’(.\-ﬂg pownt

(1) Find the delivery head along the bottom of the graph.

(2) Move straight up until the appropriate curve for a drive head
of 3,0 meters is reached. This loocates the operating point,

(3) To determine the delivery rate, read the scale directly to the
Jeft (about 2.2.1iters/min) or to the right (sbout 3200 1/day).

(4) To obtain an eatimate of how much water will be used by the

pump, note the pesition of the operating point beiween the

two pumbers at the end points of the curve and interpolate

(about 35 liters/min). )
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drive pipe diameter
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(Note that the rate at which water is
delivered can be increased above that
indicated in this graph by increasing
the valve stroke, see p. 28.)
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The exact drive and delivery rates for another installation depend
on the length and diameter of the drive pipe and delivery pipe. 4 good

estimate of the pump's performsnce should still be available from the
values off the graph.

Adjusting the Valve Stroke

The graph on the previous page only gives performance figuras for
a valve stroke of 10 mm, But the actual delivery rate can be changed
somevwhat by varying this stroke. Thia can be donme either by:
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(1) adding or removing (2) moving the valve  (3) using a longer or
washers up and down along shorter bolt
the threaded
portion of the bolt

Generally, given a site with a specific drive and delivery head,
the rate at which water is delivered and the rate at which water is used
by the pump both increase by increasing the valve stroke. They will
both decrease by decreasing the valve stroke. Howsver the rate at which
watar is delivered by this pump can not be increased indefinitely by
increasing the valve stroke, With increasing valve siroke, the pumps

efficiancy decrsases and the rate at which water is delivered reaches
8 maximuwm and then decreases.




The graphs below are included to illustrate a typical variation of
drive and delivery rates, efficiency, and frequenoy (strokes per minute)

with valve stroke.

water delivered (liters/mn)

_ cﬂ’n’cicﬁcy (%)

drive head = 2.0m

delivery head = 20 m

4 g
- \E 50..“
5
4: i
3+ = 40
. .E' kW
L 2
Lr m--
L
1 AR
3
o — 4 ¢ 0 + 4 4
' s ] (4] s < 5 10 %S
valve stroke (mm) valve stroke (mm)
100 4 < 100 -
r g o0 1
Fy
754 XX o
- 2
A
m-. ~ all
T
£
V.
25---’ 3- 251-
o
&
° ' —t 0 ' t t
] 5 10 15 0 ] 10 1%

valve stroke mm)

valve stroke (mm)




(1)

(2)

size of air chamber

The half-meter length of 2" pipe used as the air chamber for
this ram secms to be perfectly adequate for the flows delivered by
this puap. Increasing the size of the air chamber geems to have
negligible effect on its performanece.

drive pipe dizmeter

From the pointe of view of cost and weight, the amaller the
diameter, the better. However, drive pipe diameter also affects the
ram's performance., A drive pipe with too small a diameter restricts
the flow of water to the pump with the result that the pump delivera
leas watar,

The graph at the right illus-

trates the effect of the diamster drive head = 20m
of the drive pipe at the test delivery Nead = zom
instellation on the rats at which drive pipa demeter :
water is delivared by the pmp. £ | T 1% men
A large diameter pipe proves an P e 2
advantage only in cases wvhere .f': a4
larger flows are desired. ;

P,

>

It should also be noted that =

the length of the drive pipe also . 14
affects the ram's performance. If g
a much longer drive pipe is used, o . 1'0 2.0 3.0 4.0 oy

ites diameter must alao be larger water required (kiters/min)
to kaep losses down.

%hen low drive heads are used (about a wmeter or less), friction
losses in the drive pipes become more important since there ia less
head available to overcome them. A larger dismeter drive pipe is then
necessary to reduce losses and permit sufficient water to reach the
pump. (The reason why, on the graph on p, 27, there is ne curve for
a drive head of 1,0 meters when using a 1" drive pipe is that there
is insufficient water flowing through to the pumpy to operate it.

This problem is overeome by using a larger diameter drive pipe.)




(3)

- (4)

Pipe diameter also has an effeot

on the valve siroke frequency as is : ::’;:r:wm s zom
11ustrated by the graph at the T | veer delivared = 2.0 14arsjmin
right, Higher valve stroks fre- ¢ 00T

guenciss are emcountered with -§.

larger diameter drive pipes. This 2 B

nay imply a faster wear of the 3%

valve shaft and seating rubber 3%

(but this is probably of little ]

consequence since wear is small g _2'54‘

and the pa.i-ta aan be easily «

replaced). o} 4 +

Ya 1 {4 2

pipe diameter (W)
mounting of the ram pump

It is preferable to sscwrely mount the rem pump so that it wil11

remain in its proper operating position in spite of possible tampering,
heavy reins or floods, ete. Howaver, tests indicate that vhether the
pusp is rigidly bolted to a concrete foundation or less rigidly seoured
to a wooden base sesma to have little if any effect ‘on the pu-p‘l
performance,

mass of the nﬁte valve plunger

Increasing the mass of the waste valve plungor by using larger
and therefore heavier components has the sae effect oo the pump's
performance as increasing the valve stroks, i.e. it veduces the
operating frequency of the ram and generally increases both the
quantity of water used bty the ram and the quantity delivered by the
rem, But for low drive heads or for a drive pips of too small a
diameter, too heavy a plunger might premt the operation of the
pump altogether,

If operating frequencies prove too high (as might be the case
vith drive heads much larger than 4 meters), the quantity of water
delivered by the ram would be small, Thong..inmasingthamaof

.. the plunger would decrease the frequency and increase the rate at

uhich uter is delivered, this might possibly reduce the life of




(5)

32

the valve because of the increased inertial forces as the valvs
closes repeatedly. For such operating conditions, use of a spring
would be a better solution, see p, 33.

use of PVC drive pipe

Several trial runs were made using a $" diameter, class 12
rigid PV0 pressure pipe (preasure rated o a head of 120 meters).

Though it is lmown that the
comaonly used galvanized iron
pipe is wore efficient than PVC,
it was felt that use of FVC
could prove advantageous on
occasions wvhen ram components
have to be carried on foot to
remote areas.

Froa the limited testing,
it is apparent that though the
PVC drive pipe is less efficient
as expacied, the difference is
not enormous. The graphs at
the right compare the m'a
perforaance using #* diameter
drive pipes of galvanized
iron and FVC, Note that
in the second graph, the
valve stroke is set at 0 mm
and that it ia possible to
somewhat increase the rate
at vhich water is delivered
by the ram by incressing this
valve atroke,

This date impliss that
rigid pressure FVC pipe could
be uwsed for a drive pipe if
necessary, However since
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durability testa have not been carried with the PVC drive pipe, it i=
difficult to state here how much, if any, the life of the pipe would
be reduced by the cperation of the ram.

If PVC is used, it must be covered with ground or otherwise,
both to lend some rigidity to the pipe and to protect it from the
sunlight which tends to considerably reduce its life,

NOTES

(1) spring loading the waste valve
If the ram is to be used for drive heads \

much in excess of 4 meters, operating fre-
quencies become high and the rate at which
wvater is delivered consequently decreases.

To inersase this rate, a aquare ground
compression spring can be inserted as showm.
Because of expoaure to air and water, this
spring should be made of stainleas steel or
other rust-free alloy, This spring will

keep the valve open longer, increase the /EX‘
quantity of water used by the pump and \
increase, to a point, the quantity of water .

delivered. If it is desired to increase the | % gi é
tension, washers need simply be used as is {

illustrated in the second drawing at the P
right.

The spring used should have a spring
constant of about 10 newtons/em or 5 pounds/inch. Such springs can
be custom-made at low cost by springmakers if the aspring constant,
the length, and the diameter of the spring are apecified,




(2) size of tbe snifter valve

The exect size of the snifter valve depends on a number of
factors but it is not critical. If the hole is too small, the air
chamber will fill with water and the ram will pump with a lowd,
metallic sound, completely different from the sound of a properly
operating ram., If this should happen, either drill the hole of the
gsnifter valve slightly larger or use a nail or cotter pin with a
Alightly smaller diameter,

If the anifter valve hole iz too large, then the ram will
start operating less efficiently.

(3) comments on the VITA (by Kindel) and ITDG ram designs

Below are briefly described the motivation behind several of
the changes made to the VITA and ITDG designs to arrive at the deaign
described in this bulletin:

(a) design of the waste valve

By the nature of its copstruction, it ia difficult to have
the spring loaded waste velve squarely strike the vzlve seat on
& continuel basis. GConsequently, in spite of rounding the lip of
the valve asat, it was found that the valve rubber would shear
fairly quickly (insertion rubber with a 1/8" thickneas would
shoar in about a month when operating full-time under a two-
meter drive head). This was especielly promounced with higher
drive heada., The short life of the seating rubber msay not have
been as pronounced with the VITA or ITDG rams because a smaller
dismeter waste valve hole resulted in lower forcee acting on the
plunger. Also Kindel (VITA) may have found in tractor tire rubber
a more durable seating rubber than the insertion rubber used in
the design presented in this bulletin., However, the smaller
diemeter waste valve hole resulted, according to testa, in both
louered officiency and output of the ram. F




(v)

(o)

deaign of the check valve

The ITDG design appears robuat and does away with both the
machining required by the VITA:valve and a moving part. However,
except for low delivery heads, it was found that the back pressure
in the air chamber would force porticns of the rubber washer
slightly down through the holes in the walve plate. This both
tended to cut the rubber and to give it permenent bulges until it
would not seat properly. This problem was eliminated in the
design presented in this bulletin by placing a backing plate on
the rubber washer to diatribute the back pressure load evenly
over the valve seat.

‘aize of the air chamber "

Besides introducing more difficulties in the construction,
the 3" dismeter air chamber used in_the VITA design is wmecesserily
large for the vo].mo of water delivered by the pusp. The che moter
lnngthofa"pipouaedin thoImGd”icn is more of the proper
size if that rm can aotually pump the volumes of water that it
is i.npl:l.ed it cen. !'or the volumes pumpsd by the design described

.. - Jn this bunoti.n, & mg-later lmgth pwaud mlctc]; Mﬁeicnt
" (wee p. 30)."
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baa:m configuration ¥ tbo rem. .
The conﬂgm-ation ‘used 1in thia design 'is very close to that '

‘used with ﬂ:«p ITOG ram. e emf:.gm'ntion used in the VITA design
| prorvea mnmvaarﬂy :lnvolved. BRI

(o)

waate valve adjuatments |

Both the VITA design and the ITDG version of it require
two adjustments, the valve stroke and the spring temsicn. Tests
indicete that this ummecessarily complicates the adjustment of
the ram. 'Efric:i.ency and output of the ram are primarily a function
of ‘the ram's frequency (other factcrs being equal) and whether this
is chenged by tightening the spring tension or increasing the valve
stroke seems tm:i_.mpqrtint__._ This can even be verified from the

" limjted test results presented at the end of the ITDG design manusl.




(4)

(5)

durability

To obtain an indication of actuasl or potentisl problem areas
arising from long-term use of the ram, various versions nf the ram
have beeb operating continually for a month at a time, It is now
felt that these problem areas have been resolved in the design
described in this technical bulletin, Future field testing will
determine what further difficulties arise from wear and corrosion,

The only potential source of trouble sensed sc far might be
with the valve seat of the check valve where rusting may limit its
life. This could be overcome by meking the valve seat of 4" brass,
aluminum, or stainless steel plate rather than ordinary 3" steel

plate.

modification of the snifter valve

If an old imner tube is available, the
cotter pin or nail (¥15) can be pushed through
a small piece as shoun, This will prevent moat \
of the water which otherwise escapes through
the snifter valve at sach stroke of the waste
valve, Though this has a negligible effect on
the improvement ir efficiency of the ram, it
keeps the area around the ram & little drier.
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