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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it is 
to be performed, to be particularly des-
cribed in and by the following statement: — 

This invention relates to pumping arrange-
ments and is particularly suitable for pump-

10 ing "noxious" fluids. 
The word "noxious" is intended to cover 

a variety of materials, such as dangerous 
materials like radioactive substances, and 
highly reactive materials like liquid sodium 

15 and hydrogen fluoride, and high temperature 
and viscous materials like molten salts. It 
could also be regarded as covering valuable 
materials which must be moved in a fully 
sealed circuit to ensure no possibility of loss 

20 by leakage. 
The invention provides a pumping arrange-

ment comprising means for subjecting a fluid 
to be pumped to repetitive pulses whilst the 
fluid is contained within a chamber having 

25 inlet and outlet connections, a first fluid 
diode arranged so that fluid can easily leave 
the chamber, under the influence of the 
pulses, through the outlet connection via 
the fluid diode, and a second fluid diode in 

30 the inlet connection whereby the fluid can 
easily enter the chamber through the inlet 
connection but is restricted from leaving the 
chamber through that connection. In this 
arrangement flow in the reverse direction 

35 (that is into the inlet connection or back 
from the outlet connection) is possible, as it 
is restricted and not prevented, but only to 
a limited extent. The limit is provided by 
the reverse flow impedance of the diodes. 

40 The word "chamber" is intended to have a 
connotation to include, for example, a length 
of pipework, a pot, a cylinder etc. 

The means for subjecting the fluid to be 
pumped to repetitive pulses can be operated 

thermally, mechanically or electrolytically. 45 
In the first arrangement liquid in the cham-
ber can contact a heated surface. Contact 
with the heated surface will create a pressure 
pulse, preferably by vaporisation of the 
liquid, which pressure can drive the liquid 50 
away from the heated surface to create a 
pumping stroke. The liquid will then collapse 
back on the heated surface and further pum-
ing strokes will be created. Where the heating 
causes substantial vaporisation a condenser 55 
for the vapour may be included and the 
speed of pumping may be controlled by such 
a condenser or by heat input. This can pro-
vide a fully sealed system devoid of moving 
parts and is hence well suited for use with 60 
"noxious" fluids. The pulses may be trans-
mitted from the liquid which contacts the 
heated surface to a second fluid which is to 
be pumped, the fluids being separated within 
the pumping chamber by a diaphragm for 65 
example. 

One mechanical means for generating 
pulses is the use of a piston or an air pulse 
acting through the intermediary of a non-
noxious fluid compatible with the fluid to 70 
be pumped (see for example British Patent 
Specification No. 831,383). 

It is possible to have four fluid diodes 
arranged in a manner analogous to electrical 
diodes in a full-wave A.C. rectifying system 75 
with means for applying positive and nega-
tive pressure pulses across one pair of 
opposite corners of the system and having 
inlet and outlet connections across the other 
pair of opposed corners. 80 

The invention will now be further des-
cribed with reference to Fig. 1 of the draw-
ings accompanying the Provisional Specifica-
tion, which is a diagrammatic view in medial 
section, and to the accompanying drawings, 85 
conveniently identified as Figs. 3 and 4, 
wherein Fig. 3 is a diagrammatic view in 
medial section and Fig. 4 is a flow diagram. 
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Referring first to Figure 1 there is shown 
a noxious liquid pump 1. The pump 1 com-
prises a chamber 11 having an inlet connec-
tion 12 and an opposed outlet connection 

5 13. The chamber 1 i is dosed by a cover 14 
in which is embedded a healer element 15 
whereby heat can be supplied to liquid in a 
chamber in contact with the underside 16 of 
the cover 14. The outlet connection 13 has 

10 mounted in it a first fluid diode (symbolic-
ally indicated by diode 17) of conventional 
form and having no moving parts. Typically 
vortex, scroll or vane types can be used. 
A second similar fluid diode 18 is mounted 

15 in inlet connection 12. The diodes 17, 18 
are disposed so that liquid flowing through 
connections 12, 13 and chamber 11 in the 
general direction of arrow 20 experience a 
much lower resistance to flow than if flowing 

20 in a reverse direction. A supply of liquid to 
be pumped is joined to the inlet connection 
12 and an intermittent pumped output of 
liquid is provided from the outlet connection 
13. The intermittent output is achieved as 

25 follows. Liquid in chamber 11 coming into 
contact with the underside 16 of cover 14 
is heated from the heater 15 resulting in 
evaporation of the liquid to form vapour 
and consequently pulse pressurisation of the 

30 liquid remaining in the chamber If takes 
place. The pressurisation causes flow of 
liquid from the chamber 11 into the outlet 
connection 13, through the diode 17. The 
liquid then collapses back on to the under-

35 side 16 of cover 14 with a further supply 
of liquid from inlet connection 12. The cycle 
described above then repeats so as to bring 
about pumping by repetitive pulsing. 

As described above, the heat input is con-
40 stant and the only cooling provided is that 

by conduction to ambient. A condenser may 
be placed under but not touching the under-
side 16 of cover 14. 

If the pumping arrangement is used for 
45 pumping liquid in a closed circuit plant or 

vessel then a gas space is required some-
where in the plant. 

In Figure 3 a pump 2 operates similarly 
to pump 1 of Figure 1 and parts of similar 

50 function to those described with reference to 
Figure 1 are given the same reference num-
bers in both figures. The main differences 
between Figures 1 and 3 is a modification 
in the inlet connection. In Figure 3 there is 

55 shown a head tank 122 connected to the 
chamber 11 by a U-tube 112, the tank hav-
ing an inlet 124 with a diode 18 allowing 
easy forward flow to the tank 122. The 
combination of inlet 124 with its diode 18, 

60 tank 122 and U-tube 112 constitute the inlet 
connection to the chamber 11, the diode 18 
acting as the reverse flow restricting means 
in the inlet connection. The tank 122 is 
partially filled with liquid and above the 

65 liquid there is a gas space 123. The dimen-

sions of tank 122 and U-tube 112 are so 
related to the volume of the chamber 11 and 
pressure in the gas space 123 to form, in 
conjunction therewith, an oscillatory fluid 
column which, at the same time, allows for- 70 
ward flow in the direction of the arrow 20. 
The column of liquid in the U-tube 112 
behaves in an oscillating or rocking manner 
on receiving heat energy when the leading 
edge of the liquid column contacts the heated 75 
underside 16 of the cover 14. The energy 
transfer rate is high because of the large 
temperature difference between the liquid 
and the heated surface. The energy gained 
by surface boiling causes rapid expansion 80 
at the interface of the liquid and heated 
surface thereby imparting a pulse of pressure 
energy to the column of liquid to sustain the 
oscillating or rocking behaviour. The peak of 
the pressure pulse forces a fraction of the 85 
liquid through the diode 17 and so along out-
let connection 13. 

It will be apparent on considering the 
described embodiments that the supply of 
heat to the cover 14, in both these cases 90 
provided by the heater 15, does not have 
to be intermittent. Vapour generated at the 
surface 16 will reduce heat transfer to the 
liquid until a pressure pulse is completed 
and a further supply of liquid enters the 95 
chamber 11. 

In Fig. 4 there is shown a system using 
four diodes arranged in a manner analogous 
to electrical diodes in a full wave A.C. recti-
fying system. Repetitive pulses are generated 100 
at "terminals" 312, 313 by air pressure, for 
example. The pulses may be operative on an 
intermediate fluid (not-noxious) in the top of 
tanks 309, 310, and these, in turn, provide 
pulses in pipes 315 and 317. Four fluid 105 
diodes A, B, C and D are connected in full-
wave bridge form. Reference numerals 223, 
and 224 are the outlet and inlet connections 
respectively to a plant through which a fluid 
has to be pumped. The outlet 223 of the 110 
plant has a pipe 212 connecting with one 
corner of the bridge A, B, C, D and a pipe 
213 connects from the opposite corner of the 
bridge A, B, C, D, to the inlet 224 to the 
plant. The pipes from pipes 315, 317 to the 115 
diodes A, B, C and D are numbered 211 
and the pipes from pipe 212 and 213 to the 
diodes are numbered 212/1 and 213/1 re-
spectively. To compare the arrangement of 
Figure 4 with that of Figure 1 it "is best to 120 
consider one half of the bridge, say diodes 
B and C, at a time. In this way, pipes 212 
and 212/1 corresponds to inlet connection 
12, diode C corresponds to diode 18, pipes 
211 connecting with diodes B and C together 125 
with pipe 317 and tank 310 corresponds to 
chamber 11, terminal 313 corresponds to 
heater 15 for subjecting the fluid to be 
pumped to repetitive pulses, pipes 213 and 
213/1 corresponds to outlet connection 13, 130 
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and diode B corresponds to diode 17. A means for subjecting a fluid to be pumped 
similar correspondence of components can to repetitive pulses whilst the fluid is con-
be seen by considering the other half of the tained within a chamber having inlet and 
bridge. outlet connections, a first fluid diode ar-

5 Operation is by alternative "positive" and ranged so that the fluid can easily leave the 50 
"negative" pressures at terminals 313 and chamber, under the influences of the pulses, 
alternative "negative" and "positive" pres- through the outlet connection via the fluid 
sure at terminal 312. "Positive" pressure at diode, and a second fluid diode in the inlet 
terminal 313 forces flow from chamber 211, connection whereby the fluid can easily enter 

10 317, 310 through diode B and "outlet con- the chamber through the inlet connection 55 
nection" 213, 213/1 into plant inlet 224. but is restricted from leaving the chamber 
Flow into "chamber" 211, 317, 310 from through that connection, 
plant outlet 223 takes place through "inlet 2. A pumping arrangement as claimed 
connection" 212, 212/1 and diode C when in claim 1 wherein the means for subjecting 

15 "negative" pressure exists at terminal 313. the fluid to be pumped to repetitive pulses 60 
A similar operation, but involving diodes A comprises a heatable surface in the chamber 
and D pipe 315 and tank 309 arises when which the fluid contacts so that it becomes 
alternate pressures are applied at terminal heated and thereby driven away from the 
312. surface and then collapses back on the sur-

20 As positive pressure is applied at terminal face to complete a pulse cycle which is then 65 
313 so negative pressure is applied at ter- repeated. 
minal 312 and vice versa. 3. A pumping arrangement as claimed in 

To drive a noxious gas by air pressure claim 2 having a condenser to aid cooling of 
the tanks 309, 310 may be replaced by U- vapour generated when the pumping ar-

25 tubes half filled with liquid provided pre- rangement is used to pump a liquid vaporised 70 
cautions are taken to prevent gas dissolving by contacting the heatable surface and there-
in liquid and gassing off in air space on the by increase the pulse rate, 
suction cycle. Otherwise operation is similar. 4. A pumping arrangement as claimed in 

Returning to Fig. 4, for certain conditions, claim 1 wherein the means for subjecting the 
30 such as when an intermediate fluid is not used fluid to be pumped to repetitive pulses com- 75 

in tanks 309, 310, it is considered to be prises a mechanical pulsing arrangement act-
judicious to place filters between tanks 309, ing on the fluid to be pumped through the 
310 and terminals 312, 313 to prevent intermediary of another fluid, 
vapours from the pumped fluid reaching the 5. A pumping arrangement substantially 

35 terminals. It may also be advantageous to as hereinbefore described with reference to 80 
place liquid level detectors at high and low Fig. 1 of the drawings accompanying the 
levels positions in tanks 309 and 310 since Provisional Specification, 
liquid loss on pressure changes in plant 6. A pumping arrangement substantially 
could alter the relative levels of tanks 309 as hereinbefore described with reference to 

40 and 310. The level detectors could control either of the Figures of the drawings accom- 85 
the pressures at terminals 312 and 313 to panying the Complete Specification, 
correct for liquid loss and pressure change 
in plant. J. Y. LE MASURIER, 

Chartered Patent Agent, 
WHAT WE CLAIM IS:— Agent for the Applicants. 

45 l . A pumping arrangement comprising 
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