“. . THE DEVELOPMENT OF

/

" R
B}
i SN -
. ¢ .
¢ N
L e &

A repbrt submitteéd to the World Hea

E‘ng—ineering,‘ Chulalongkorn Universi

MEChanical Enginéering bépértment
- chulalongkorn University "

- ’Bangkok 5, ‘Tf)ailvané.‘ g

Internatienal Reference Centrs .
. for Community Water Supply

A PVC HANDPUMP
) - - .‘ ‘-' *

lth‘Organizatioh by the Faculty of. -
ty. . . < ’

'.August 1979

322 Fqoe

%



http://-i.--.-j

o lbufst

LIBRARY KD 506!
Internatienal Reference Centre
for Community Watsr Supply

l ’ THE DEVELOFMENT OF A PVC HANDPUMP

PHASE I

- A
e 10 R
- -' “ EERe]

Engineering, Chulalongkorn University.

,\,.

Mechanical Engineering Department

Chulalongkorn University

Bangkok 5, Thailand.

A report submitted to the World Health Organization by the Faculty of

" August 1979



5

2

SUMMARY

A PVC suction tgpe handpump, based on VITA design, which were fabricated by
the Agricultural Engineerinngivfsion was tested and evaluated under
laboratory conditions. The piston cup seals failed prematurely from rolling
back of the cup lips due to piston tilting and excessive extrusion clearance.
The poppet discharge valve stuck opeﬁ randomly bécéuse the valQe was unguided.

The piston.assembly has been'modified so that. the piston is guided more

" positively. The extrusion clearance is also reduced. A rubber flex valve 1Is

used as the discharge valve. The modified piston was tested and found to be

superior than the original one.

A cheap locally made brass foot Valve was tested and proved to be as good as
a well dusign and expensive PVC footvalve providing that screening is made

to exclude the defective ones.

The modified piston with the original cylinder promises to be a cheap

reliable and easily repaired handpuhp. It 1s suitable for a dugwell up to

. 6 metres deep and éxpected to last more.ﬁhan 1 million cycles.
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1. BACKGROUND INFORMATION

The World Health Organization ( WHO ), in Conjunqtion with the Department
of Health, Thailahd, is searching for a low~cost, dependable gnd easily-
repaired handpump for their rural water supply projects in Thailand.

They have adopted a PVC‘suction type handpump, originally described in a
VITA (Volunteefs In Technical Assistance) publicaéion, which was fabricated
by the Rural Water.Supply Division, Department of Health and the
Agricultural Engineering Diyision, Department of Agriculture, Thailand.

A limited number of these pumps are now undergoing a field trial in
Lumpang'and Saraburi Provinces in Thailand. Concurrently, the WHO has
contracted the Faculty of Engineering, Chulalongkorn University to carry
out a laboratory testing program on a PVC handpump. The program is divided
into three phases: ' '

Phase 1 is to study and modify the existing PVC suction type handpump for
using-in a dugwell with a water level not exceeding 6 metres below the
ground level. »

Phase 2 is to gevelop a PVC 1ift type handpump suitable for a geep'
dugwell . | o '

Phase 3 is to develop a PVC handpump, or to modify the phase 2 handpump,
for using in a small diameter tubewell.

The duration of each phase is six months. This report corncerns the phase 1.
2. OBJECTIVE

2.1 To test and evaluate the original PVC suction type handpump suppliéd
by . the Department of Health. '
2.¢ To modify or'redesign'the weak components so that the pump will be

more reliable.

3. DESCRIPTION OF THE ORIGINAL PUMP

Fig. 1 shows the main parts of the original PVC suction type handpump
supplied by tﬁe Rural wWater Supply Division, Department of Health. The
assembly and detail drawings are shown in drawing no. 1,2 and 3. The pump
body is méde entirely from standard, water piping class,.PVC pipes and

fittings available in Thailand. The pump head, incorporated with the piston
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cyiinder, is made from 80 m.m. (3 in.) PVC pipe 0.5 metre in length. A 48 m.m.
hole is drilled in the side wall at a distance of 170 m.m. from the top and

a piece of 48 m.m. (1% in.) PVC pipe, 380 m.m. long, is w;lded perpendicular
to the cylinder to form the‘discharge‘pipe. At the lower end, the cylinder is
cemented to a 80 m.m., X 40 m.m. (3. in.X1% in,) PVC reducer which in turn is
connecped to a short piece of pipe with a female thread coupling at the end.

A suitable length of the suction pipe with a PVC footvalve at the bottom is

~ then connected to the pump cylinder after installation,

3

The piston assembly consists of the.piston body made from 2 pieces of 40 m.m.
galvanized steel pipe. These two pieces of pipe ére welded to each side of

a steel ring, 67 m.m. OD, 30 m.m. ID, 5 m.m. thick, which acts as a seat for
the upper leather cup and also as a seat of the discharge valve: Two 8 m.m.,

In-line holes are drilled in the upper tube, 6 m.m., from the top end to

~accomodate the piston pin. Two triangular saw cut openings are made on the

side walls of the upper tube just above the discharge valve seat to ehsure
free flowing of water from the discharge valve. Tﬁo 76 m.m. diameter leéther
cups are emploged as the piston seals. The upper cup is seéted directly
undsr the ring at the middle of the piston. The lower cup is seperated from

ol ringy67  msms=OD7 iZ-mvmsChick. Another steel ring

g
of the same diameter but only 6 m.m. thick is placed under the lower cup. A
lock nut madé from a piece of sawn off 40 m.m. steel pipe coupling 15 m.m.
thick is then tightened on the thread cutting on the giston bottom end. The
dischargé valve is a poppet type made from a rubber disc, 40 m.m. in

diameter, 6.5 m.m. in thickness, with an M8X76 m.m. steel bolt and nut clamped
through the centré of the disc. The valve is installed with the bolt tail
(valve stem) pointed dowﬁward. It has ns val&e guide and th? valve 1ift is

limited by the piston pin near the top of the piston.

The piston is connected to the handle by a piston rod_ﬁade from stainless

steel, 9.5 m.m. fn diameter, with steel yoke at both ends. The piston side
yoke is welded to the rod, but the handle side yoke is clamped between two
lock nuts. Care must be taken to ensure that the two yOkes lie in the same

plane otherwise the piston rod will bend when the handle is actuated.

The handle is made of hard wood, 50 m.m;X45 m.m.X1.80 m. in length. The



.achieved during the first few thousand cycles after that the flow declined

distance between the piston rod pin and the fulcrum is 405 mm..The mecha-
nical advantage of the handle is approximately 3.2:1.The fulcrum is made
from two 100mm.X50mm. hard wood poles erected from the ground with a suffi-
ciently large block of concrete cast around the pole footing.A 13 mm. steel
bolt is employed as the fulcrum pin.The handle is in the horizontal posi-
tion when the piston is at the bottom of thg stroke.The maximum stroke
length is approximately 265 mm.;A hard wood cap with a small slot to permit
free movement of the piston rod is used to close the top of the pump cylin-
der.An additional steel ring is placed on top of the cap.The ring covers
the slot and moves from side to side as the piston rod is actuated,there-

fore it helps to minimize the contamination of the well.

4. TESTING AND MODIFICATION

A test'rig was built in the stairway of the laboratory as shown in fig.2,3
and 4.The pump was driven by ap induction motor via a 30:1 reduction gear
so that the crank mechanism was running at a constant gpeed of 50 revolu-
tions per minute.The static head was selected at 7.50 m.which is beyond
the maximum practical suction head of reciprocating handpdmps.(6.9l m.at
mean sea level énd at 15.6 C) recommended by McJunkin (1) .The water dis
charge from the pump was directed into a volumetric tank equipped with a
stop cock at the bottbm.When the'fiow rate was not measured the stop cock
was partially closed so that the water level was kept at the overflow pipe.
An electronic liquid level switch was installed in the tank in order to

stop the motor whenever the flow rate of the pump decreased significantly.

" A mechanical counter,driven by the pump lever,waé installed for counting

the number of ﬁhe pumping. cycles.The measurement of the force on the pump
handle was not included in the test due to the limitation of the fund and

1acking of the monitoring equipments.

The two originél pumps supplied by the Department of Health were tested.
The beSt mean pumping rate was 1,13 litres/cycle.This gives a slip at
11.02% for the piston swept volume of 1.27 litres.The peak flow rate was
L 2 ~~ N »
steadily as seen in fig.S.Thé test was terminated at 150,000 cycles when

the slip reached 40.95%.The piston was inspected periodically and found
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that the main failure mode is due to the rolling back of the cup lips oﬁ one
side as shown in fig. 6. It is believed that the side trust initiated by the
tilting of the piston rod in the upward'stroke, the short distance befween
the upper and lower cup seal and the excessive clearance of thq original cups
are the main factors that cause the piston to tilt excessively during each
upward stroke. These together with the excessive clearance between the
supportimg rings at the back of the cups allowed the cup 1ips to roll béck
and failed prematurely. If -the allowable maximum slip is 15 % -as suggested
by referencé 1, the original pump would last approximately 50,000 cycles
only. ‘ ' '

The original piston was then tested with larger cups of zero clearance. The
:est showed the same trend, the slip reached 15 % at 150,000 cycles, buring
these two series of tests, if wa§~also observed that the discharge was
abnormally low oh some cycles intermittently. This defect was found to be

the discharge valve sticking in the open position. This is because the
discharge valve is ungulded therefore it Wandérs and sometimes stiék to the
side wall of the plston. Consequently, the valve tilts and fails to close
during the next upward stroke of the piston. One of the supplzed pump
exhibited this defect very strongly and it was found that the bolt used as
the valve stem is shorter than the specification therefore the Qélvévtends to

tilt easily.

The PVC footvalve for the pump is locally.made. The body dasing is made in two‘
pléces, the upper and the lower shell, claMbed together at the mating flanges

by four bolts ahd ndts. The valve seat is situated in the lower shell thereforeﬁ
the hydrodynamic force acting on the valve during closing is transmitted

througﬁ these_flahges. Two of these valves cracked at the corner of the flahge,
as shown in fig. 7, after 700,000 and 200,000 cycles respectively. It is
believed that inferior material and stress concentration due to inferior

' design contribute to failure of thid type of check valve. Another type of
locally made PVC footvalve with shell casing joining together by screw-

thread, as described in drawing no 3, was teéted and found to work satisfactorily
" for 900,000 cycles. Finally a locally made brass footvalve was also tested. .

It is approximately U.S. § 2.50 cheaper than the PVC footvalves. The brass

-

texture was found to be inferior with numerous‘voids. A few voids were also

u
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found on .the machined valve seat. Consequently, the valve leaked heavily

upon the first trial. The valve worked satisfactorily after the seat had

been resurfaced on the lathe.

The piston has been modified as shown in drawing no. 4 and 5. The distance
between the cups are lengthened from 16 mm. tb 77 mm. so that the piston is
less prone to tilt. The external diameter of the supporting ring at the

back of each cup is also increased from 67 mm. to 76 mm..vThis reduccsbthe
extrusion clearance down to 1.5 mm. which is still twice the clearance
recommended by Neale (2). The supportina rings are made from sawn-off

76 mm. ODX51 mm. ID (3"X2") bronze bearing sleeve, available off-the-shelves
from hardware shops, without any machining process needed at all. This
economic reasbn together with the éondition that the maximum pressure
difference across the cup is low, compared with the value_given in reference
2, rule out the necessi&y of reducing the extrusion clearance down to 0.5
mm.. Plastic ring is thought to be superior to bronze in term of wear and
tear. It may be cheaper than b}bnze 1f ordered in large quantity. The piston
pin is lower to just above the center of the piston in order to distribute

the side thrust more evenly between the two cups that guide the piston.

The discharge valve of the modified piston is screwed to the bottom of the

piston. The body is made from a standard 40 mm. steel pipe coupling 20 mm.

. in length. A steel ring with an internal diameter of 36 mm. is welded to the

bottom of the body to form the valve seat. The valvé is made from a synthetic
rubber disc, 40 mm. in diameter, clamped diametrically by a slender bar to
the seat. The valve body is also acted. as a lock nut for clamping the piston

cups against the upper shoulder of the piston.

The modified piston bas tested with the pump cylinder of the original
dimensions. The best mean pumping rate is 1.15 litres/cycle which gives tﬁe
slip Vaiue of 9.45 %. Tﬁe slip.increased slowly to 12.6 % at 500,000 égcles
and after that it remained steady up to 1.2 million cycles. The piston was
inspected périodically aﬁd found to be in satisfactory condition. The cups
showed no sign of rolling bach and wore evenly as shown in fig. 8. The

supporting rings appeared to touch the cylinder wall sliqhtly as suggested by

bright streakes on its sidewalls. The cylinder wall showed very small wear
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as éonfirmed by reference 3.(Tbe wail surface is well polished from rubbing
action apart from a few small groo&es thought to be the effect of small '
foreign particles in the water. The discharge valve seems to work well since
no sign of missing upstroke was observed during the test. The valve ;ubbef
disc is sfill ingood condition with no sign of crack from fatigué arter
1.2 million cycles. The only observed drawPack is its small free flow area.
When pumping»manualiy, the force required to push the-piston downward

increases noticiably at high pumping rate.

Finally the pump was tested with the suction pipe size reduced from 40 mm.

to 25 mm.. It was unsatisfactory since the slip is approximately 40 %.

The modified piston is found to be superior to the original one. Under
iaboratory testing, the cup service life increases more than five folds.
The new piston is no doubt more expensive than the original one, but it is
difficult to estimate and compire the nominal prices of these two piggons
since the most ekpensive part, the supporting ring, may be broduced very

cheaply from injection molding plastid.

The basic design of this pump is very good. It promises to be a cheap,
dependablé and easily-repaired handpump; All the materials are locallg
aéailable. Fabrication processes and equipment or tools needéd are within
capability of virtually all machine shops in thé country. A man with the
minimum technological knowledge should bé able to repair and maintain the

pump with a few number of basic tools.

No. attempt has been made to modify the handle since the stress level is
considered to be low for the suction type pump. When using in a well deeéper
than 4 metres, it is suggested that the mechanical advantage of the hapdle

should be increased to around 4:1 with the stroke reduced accordingly.

LSRARY ‘
fntarnational Roference Cenavn:
for Community Water Supgiiy
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Fig. 5 Slip vs. cycle of operation.

Fig.6 The original

piston

after failure.
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Fig.8 The

modified piston after 1.2 million cycles.
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$. CONCLUSION AND RECOMMENDATION

1. The original pump body is of a very good design. No modification Is
suggested. When fabricating the pump, care must be taken to select a superior
brand of PVC pipe and fitting since the gqualities of materidl, manufacturing
and design of local PVC pipe and fitting"vary drastically among various

manufacturers.

2. The piston assembly should be modified as shown in drawing no 4 and 5.
The leather cups are recommended since it is cheap and available throughout

the country.

3. If the production volume is high enough, the supporting ring behind each
cup should be changed from bronze to that of the injection molded plastic
such as nylon,

4, Switching from PVC footvalve to brass footvalve may reduce the initial
cost substantially providing that the brass footvalves are screened to exclude

Y

the defective ones.

5. When used in a well deeper than 4 metres, the handle with a higher
mechanical advantage of 4:1 or higher with shorter piston stroke is

recommended.
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