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DESIGN AND TESTING OF A
SMALL FEEDWATER PUMP.

hy

D. Dyett

SUMMARY

This memo records the design and testing of a
small positive displacement feedwater pump, required
in connection with experiments on steam atomisation of
liquid fuels.

The pump is a four-cylinder radial type, direct
coupled to a variable speed drive. The design flow
rate of 20 litres/hour was satisfactorily achieved with
minimal pulsing.
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1. INTRODUCTION

One method of atomising fuel oils for combustion is by means
of steam jets. The need to supply stear for a proposed series of
combustion experiments in the Division has created « requirement for
a special pump to deliver feedwater to the steam raising apparatus.
This merorandum records the desiqn, building and testing of a pump to
meet this need.

2. DESIGN REQUIRFMENTS

The design was to be kept simple so that parts would be easy to
manufacture and where possible use was to he made of components which
were at hand.

The application called for a positive displacement pump having
a variable rate of delivery up to a maximum of about 20 litres/hour
at delivery pressures up to 1400 kPa with a minimum of pulsing.

711 parts in contact with the water were to be resistant to

corrosion.

3. DESCRIPTION

Details of the pump may be seen in Figs. 1, 2 and 3. Fig. 2
shows the radial layout of the four bronze cylinders each having a bore
of 11.05 mm. The four piston rods are driven outwards on the delivery
stroke by the eccentric which is hard chromed and has a lift of 7 mm.
Provision for varying the delivery is by changing the speed of
rotation by means of a 'Kopp' variable speed transmission.

The return stroke of the pistons is accomplished by a spring
which also serves to keep the roller cam followers in contact with
the eccentric. Alignment of the cam followers is maintained by a
flat surface on each rod which bears on a rubbing plate as shown in
Figs. 1 and 3.

The main casing an! front and rear cover plates are machined from
aluminium. Fach cover plate provides a mounting for the hearings amd in
addition the front one supports the rubbing plate and the shaft seal.
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All static joint faces are sealed by paper gaskets; the rotating
seal on the shaft is a 'Fla-seal', and the reciprocating seals in the
cylinders are two 'o' rings with a vent to atmosphere hetween them.

Lubrication is by means of oil contained in the casing, the
level being determined by the position of the filler plug, Mounted
externally on each cylinder are two check valves which use the pressure :
differential across spring loaded poppets to control the flow. All f
inlet and outlet valves are connected to respective common manifolds.

i

The pump is mounted with the drive shaft horizontal, the i

cylinders inclined at 45 degrees to the horizontal and with the '!

connections so arranged that the inlet is at the lowest point and the ,

delivery at the highest in order to facilitate the purging of air from ‘
the systenm.

The pump itself may be rotated in either direction although the
present variable speed drive may he rotated in one direction only.

4. MFTHOD OF TESTING

The variation of flow rate with pump speed was determined by
measuring the time taken to fill a known volume at a constant delivery
pressure. One series of readings was taken at 700 kPa and one at 1400 kPa.

During testing some trouble was experienced due to the setting
of needle valves changing slightly with time so that for the purpose
of testing it was found best to set the required delivery pressure after
each change of speed by deforming a piece of hypodermic tubing installed
in the delivery line. This technique eliminated any drift in pressure
which was found to occur when a needle valve was used.

A pressure transducer was fitted in the delivery line and the 1
resulting waveform displayed on an oscilloscope. The waveform at the

speed required to give the design flow was photographed and is shown in
Fig. 4.

S. RESULTS AND DISCUSSION

Fig. 5 shows the variation of flow with speed of rotation for the
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two pressures used. The flow is seen to depend linearly on the speed
of rotation and to be independent of the pressure. Comparison of the
theoretical flow rate based on the displacement with that ohserved gave
a volumetric efficiency of about 90%.

The defect in efficiency is thought to be due to losses during
the opening and closing of the inlet and outlet valves.

Fig. 4 indicates that pressure pulses at the design speed and
pressure will be about 55 kPa peak to peak amplitude as would be
expected for this type of pump and this is thought to be acceptable
for the duty envisaged.

On completion of test running the pump was dismantled and
examined. No signs of corrosion or excessive wear could be seen.
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SECTION DRAWING — scale full size
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FIG.2. FRONT VIEW OF REDUCED SCALE SHOWING ORIENTATION OF PUMP AND
LAYOUT OF CYLINDERS, CHECKVALVES AND PIPING
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FIG.3 ENLARGED VIEW OF MAIN CASING WITH FRONT COVER PLATE REMOVED
(The casing was machined from 150mm diameter bar stock)
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FIG.4. PRESSURE WAVE FORM AT DESIGN CONDITION
(Each vertical division represents 35 kPa)




‘d33dS HLIM MOT4 40 NOILYIHVYA 'S "Old

‘Wd'd
00% 00€ 00Z
5

18

%G'06 Adua1d1y4a dLIBWN|OA o
a1eJ Moj} |[emdy
ed> 00vlL e Moj4  + <os
ed3 00L1eMOl4 ©
*AJUBi21443 J1133WN{OA %00 |
1e ales Moj} paie|ndje)d Loo

inoy/senin — Mol 4




B e

DISTRIBUTION
AUSTRALIA

DEPARTMENT OF DEFENCE

Central Office

Chief Defence Scientist
Executive Controller, ADSS

Superintendent, Defence Science Administration

Defence Library
JIO
Assistant Secretary, DISB

Aeronautical Research Laboratories

Chief Superintendent

Superintendent, lMechanical Engineering
Nechanical Engineering Divisional File
Author - D. Dyett

Library

Haterials Research Laboratories

Library

Weapons Research Establishment

Library
DEPARTMENT O PRODUCTIVITY

Government Aircraft Factories

Library

Australian Government Engine Works

Mr. J.L. ¥erin

SPARES

COPY NO.

27

2R

29

31- 40




