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pumping cycle to assist Iin the carriage of liquid in the delivery pipe (2).
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(57) Abstract

A pump (1) for delivering liquid from a liquid source, such as
water from a bore or well. The liquid enters a pump chamber (3) via
a first valve (5). The pump chamber (3) is in fluid communication
with an air pipe (4) and a delivery pipe (2). A first air flow control
mechanism (6) controls air flow through the air pipe (4). In a first
stage of the pumping cycle, the first air flow control mechanism (6)
directs air via the air pipe (4) to the pump chamber (3) so that liquid
is pushed into and up the delivery pipe (2). In a second stage of
the pumping cycle, the first air flow control mechanism (6) vents
air from the pump chamber (3) via the air pipe (4). A second air
flow control mechanism (19) may be provided so that air may be
supplied to the delivery pipe (2) in the second stage of the pumping
cycle to assist in the carriage of liquid in the delivery pipe (2).
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“PUMP”

N

FIELD OF THE INVENTI

The present invention relates to a pump. The pump uses compressed air to
5 pump water from a bore, well or other water source. The pump of the present
nvention is particularly suited to pumping water. However, the pump is not

limited in its use to pumping water and may be used for pumping other liquids.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention there is provided a pump

10 comprising:

pump chamber means arranged to receive liquid to be pumped and air,

delivery pipe means for delivery of the liquid by the air to a location

remote from said pump chamber means,

air pipe means for flow of air therein,

15 said delivery pipe means and said pump chamber means in fluid

communication,

said air pipe means and said pump chamber means in fluid

communication,

first air flow control means to control air flow via said air pipe means

20 during first and second stages of a pumping cycle of the pump,
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timer means to control the operation of said first air flow control means to
thereby set the durations of said first and second stages of said pumping

“cycle, and

first valve means to allow, in use, liquid to enter said pump chamber

means,

wherein in said first stage of said pumping cycle of the pump, said first air flow
control means allows air to be directed via said air pipe means to said pump
chamber means for a time period set by said timer means to cause liquid to
be pushed from said pump chamber means into said delivery pipe means with
the air for delivery via said delivery pipe means to said location, and in said
second stage of said pumping cycle said first air flow control means allows air
to vent from said pump chamber means via said air pipe means for a time
period set by said timer means and said first valve means allows liquid 1o
enter said pump chamber means whilst liquid and air are able to continue to

travel along said delivery pipe means toward said location.

Preferably, second valve means is provided to allow, in use, liquid to enter the
delivery pipe means from the pump chamber means during the first stage of the
pumping cycle and prevent water escaping from the delivery pipe means into the
pump chamber means during the second stage of the pumping cycle, said
second valve means arranged such that the pressure of air in said delivery pipe
means maintains said second valve means closed to prevent liquid escaping

from said delivery pipe means in said second stage of said pumping cycle.

Preferably, air supply pipe means is provided to supply the air that is directed by
said first air flow control means via said air pipe means to said pump chamber

means in said first stage of the pumping cycle of the pump.

AMENDED SHEET - IPEA/AU

bl b sl 3 v b e g A el e, b
) s g Wviir s dnsigiy arin. M AR Y AT 1§ IS e 8 L e T o A, Tk A § ke




5

10

CA 02263970 1999-02-19

PCT/AU97/00547
Received 30 November 1998

- 2/1 -

Preferably, branch pipe means is provided for air flow from said air supply pipe
means 1o said delivery pipe means in said second stage of said pumping cycle

to assist carriage of liquid along said delivery pipe means In said second stage

of said pumping cycle.

Preferably, second air flow control means is provided to allow air that is supplied
by said air supply pipe means to be directed via said branch pipe means to said

delivery pipe means in said second stage of the pumping cycle of the pump.

Preferably, third valve means is provided in said branch pipe means to allow air
flow in the direction from said air supply pipe means to said delivery pipe means

and prevents flow of liquid in the reverse direction.

Preferably, said third valve means is located downstream of said second air flow

control means.

Preferably, said branch pipe means is connected to said delivery pipe means at

a location remote from said pump chamber means.
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Preferably, in said first stage of said pumping cycle said air directed via said air

pipe means to said pump chamber means closes said first valve means to

prevent liquid entering said pump chamber means.

In accordance with another aspect of the present invention there is provided a

5 method of pumping liquid using a pump comprising:

in a first stage of a pumping cycle, directing air from an air supply to a
pump chamber means of said pump to cause liquid to be pushed into a
delivery pipe means of said pump with the air, and delivering the liquid by

the air via said delivery pipe means to a location remote from said pump

10 chamber means,

in a second stage < f said pumping cycle, allowing air to vent from said
oump chamber means and allowing liquid to enter said pump chamber

means whilst liquid and air are able to continue to travel along said

delivery pipe means toward said location, and

15 controlling the duration during which air is directed from said air supply 10
said pump chamber means and the duration during which air is allowed to

vent from said pump chamber means during said first and second stages,

respectively, of said pumping cycle.

Preferably, the method further comprises preventing liquid in the delivery pipe
20 means from escaping from the delivery pipe means into the pump chamber
means during the second stage of the pumping cycle due to the pressure of the

air in said delivery pipe means acting to close a valve means of the pump.

Preferably, the method further comprises preventing liquid entering said pump

chamber means during said first stage of said pumping cycle.
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Preferably, the method further comprises directing said air from said air supply to
said delivery pipe means in said second stage of the pumping cycle of the pump

to assist carriage of liquid along said delivery pipe means in said second stage

of said pumping cycle.

5 Preferably, the method further comprises allowing flow of said air from said air

supply to said delivery pipe means and preventing flow of liquid in the reverse

direction in said second stage of the pumping cycle.

BRIEF DESCRIPTION OF THE DRAWINGS
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The present invention will now be described, by way of example, with reference

to the accompanying drawings, in which:

Figure 1 is a first sectional view of an embodiment of a pump in accordance with

an aspect of the present invention in a first stage of a pumping cycle; and

Figure 2 is a second sectional view of the pump shown in figure 1 in a second

stage of the pumping cycie.
DESCRIPTION OF THE INVENTION

In figures 1 and 2, there is shown a pump 1 for pumping water using

compressed air from an air supply. The pump 1 may be located in a water

source, such as a bore 100 having a casing 101.

The pump 1 comprises a delivery pipe 2, a pump chamber 3, and an air pipe 4.
The delivery pipe 2 and the pump chamber 3 are in fluid communication. The
air pipe 4 and the pump chamber 3 are also in fluid communication. A first valve
5 allows water to enter the pump chamber 3 from the bore 100. A first air flow
control mechanism 6 controls air flow via the air pipe 4. As will be described in
further detail herein, in a first stage of a pumping cycle of the pump 1, the first air
flow control mechanism 6 allows air to be directed via the air pipe 4 to the pump
chamber 3 to cause water to be pushed into and up the delivery pipe 2 and, in a
second stage of the pumping cycle, the first air flow control mechanism 6 allows
alr to vent from the pump chamber 3 via the air pipe 4 and the first valve 5 allows

water to enter the pump chamber 3.

The delivery pipe 2 and the pump chamber 3 are in fluid communication via an
opening 7 located at the bottom of the delivery pipe 2. A second vaive 9
controls entry of water and air from the pump chamber 3 into the delivery pipe 2.
The second valve 9 comprises the opening 7 and a ball 8 which can seat on the

opening 7. The lower region 10 of the delivery pipe 2 may have a larger
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diameter than the remainder of the delivery pipe 2. This can be seen in figures 1

and 2. This provides the lower region 10 of the delivery pipe 2 with an increased
volume for entry of water and air therein via the opening 7 from the pump

chamber 3. The second valve 9 is provided at the lower region 10 in the delivery

5 pipe 2. The opening 7 of the delivery pipe 2 is located inside the pUmp chamber

10

15

20

3.

The delivery pipe 2 extends from the pump chamber 3 to an outlet 11 provided

at ground level 12.

The air pipe 4 extends from the first air flow control mechanism 6 to the pump

chamber 3 into which it opens such that the air pipe 4 and the pump chamber 3

are in fluid communication.

The first vaive 5 comprises an opening 13 and a ball 14 which can seat on the

opening 13. The ball 14 is provided in the pump chamber 3. Water is able to
enter the pump chamber 3 from the bore 100 via the opening 13 when the ball

14 lifts off the opening 13, as can be seen in figure 2.
A solenoid 15 may be provided to operate the first air flow control mechanism 6.

An air supply pipe 16 is provided to supply compressed air which travels to the

pump chamber 3 via the first air flow control mechanism 6 and the air pipe 4.

The compressed air Is supplied by a compressor (not shown).

A vent pipe 17 is provided to enabie air to be vented from the pump chamber 3

via the pipe 4 and through the vent pipe 17.
The first air flow control mechanism 6 may be operated in two modes.

In the first mode, shown in figure 1, air is able to flow from the air supply pipe 16

(as shown by arrows A) through the air flow control mechanism 6 and into the air
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pipe 4 (as shown by arrow B). This is the mode of operation of the first air flow

control mechanism 6 in the first stage of the pumping cycle.

in the second mode, shown in figure 2, the air flow control mechanism 6

prevents air flow into the air pipe 4 from the air supply pipe 16 and instead

5 enables air to be vented from the pump chamber 3 (as shown by arrows T In

figure 2) up through the air pipe 4 (as shown by arrow C in figure 2) through the
air flow mechanism 6 and out through the vent pipe 17 (as shown by the arrow V

in figure 2). This is the mode of operation of the first air flow control mechanism

6 in the second stage of the pumping cycle.

10 The air flow control mechanism 6 may be provided as a 3-way or >-way valve.

A branch pipe 18 extends from the air supply pipe 16 to the delivery pipe 2. A
second air control mechanism 19 controls flow of air via the branch pipe 18. The
second air flow control mechanism 19 allows air that is supplied by said air

supply pipe 16 to be directed to the delivery pipe 2 in the second stage of the
15 pumping cycle of the pump 1.

A no return valve 20 is provided in the branch pipe 18 to allow air to flow

therethrough in the direction from the air supply pipe 16 to the delivery pipe 2 (as

shown by arrow N) and prevent flow of liquid in the reverse direction.

The no return valve 20 is located downstream of the second air flow control

20 mechanism 19.

The branch pipe 18 is connected to the delivery pipe 2 at a location remote from

the pump chamber 3.

A solenoid 21 may be provided to operate the second air flow control

mechanism 19.

o5 The operations of the solenoids 15 and 21 are synchronised.

AMENDED SHEET - I[PEA/AU
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A timer 22 is provided to control the operation of the solenoids 15 and 21.

Alternatively, the solenoids 15 and 21 may be provided with individual timers.
The second air flow control mechanism 19 may be operated in two modes.

In the first mode, shown in figure 1, air is prevented flowing through the branch
pipe 18 to the delivery pipe 2. This is the mode the operation of the second air

flow control mechanism in the first stage of the pumping cycle.

In the second mode, as shown In figure 2, the air flow control mechanism 19
allows air flow from the supply pipe 16 into the branch pipe 18 (as shown by
arrows E in figure 2), The air then flows into the delivery pipe 2 toward the outlet
11. This is the mode of operation of the second air flow control mechanism 19 in

the second stage of the pumping cycle.

In use, the pump 1 is suspended from ground ievel 12 to below the water line
102 in a bore 100.

When the pump 1 is first lowered into the water in the bore 100, the water in the
bore 100 forces the balls 14 and 8 off their respective seats at the openings 13
and 7. This allows water to enter the pump chamber 3 and the lower region 10

of the delivery pipe 2 via the openings 13 and 7.

To commence the pumping cycle of the pump 1, compressed air is supplied by a
compressor via the supply pipe 16 through the air control mechanism 6 and via

the air pipe 4 into the pump chamber 3.

During this first stage of the pumping cycle, the air flow control mechanism 6
allows air to flow from the supply line 16 into the air pipe 4, with the solenoid 15
retaining the air flow control mechanism 6 in this condition for the time as set by

the timer.
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Further, during this first stage of the pumping cycle, the second air flow control
mechanism 19 prevents air flowing through the branch line 18 from the supply
line 16.

In this first stage of the pumping cycle, the compressed air being supplied to the
pump chamber 3 exerts pressure (shown by arrows P in figure 1) on the surface
23 of the water in the pump chamber 3. This pressure causes the ball 14 to seat
on the opening 13 to prevent further entry of water from the bore 100 into the
bump chamber 3. The air pressure acting on the surface 23 of the water in the
pump chamber 3 also acts to push water from the pump chamber 3 into the
delivery pipe 2 (shown by arrows W in figure 1) by causing the ball 8 to unseat
from the opening 7. In this way, air and water enter the delivery pipe 2. Water is
pushed up the delivery pipe 2 in parcels, or packets, 24 by parcels, or packets,
25 of compressed air. The water parcels 24 travel up the delivery pipe 2 (with
the air parcels 25), as shown by arrow U, such that they exit the delivery pipe 2

via the opening 11 where the water 24 can be collected (not shown).

Once the solenoid 15 has held the first air flow control mechanism 6 and the
solenoid 21 has held the second air flow control mechanism 19 in their
respective conditions in which the pump 1 operates in the first stage (as shown
in figure 1) for the time as pre-set by the timer 22, the solenoid 15 causes the
first air flow control mechanism 6 to move into the mode for the second stage of
the pumping cycle (as shown in figure 2). Similarly, the solenoid 21 causes the
second air flow control mechanism 19 to move into the mode for the second
stage of the pumping cycle. The solenoid 15 will maintain the first air flow
control mechanism 6 in this condition for a preset time as set by the timer 22.

Similarly, the solenoid will maintain the second air flow control mechanism 19 in

this condition for the preset time as set by the timer 22.

In the second stage of the pumping cycle (shown in figure 2) the first air flow

control mechanism 6 prevents compressed air from being directed by the supply

pipe 16 Into the air pipe 4. Instead, the first air flow control mechanism 6
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enables air to vent from the pump chamber 3 via the air pipe 4 (as shown at

arrow C) and through the first air control mechanism 6 and out through the vent

pipe 17 as shown at arrow V.

Further, during this second stage of the pumping cycle, the second air flow
control mechanism 19 allows air to flow from the supply pipe 16 into the branch

pipe 18. The air then flows from the branch pipe 16 into the delivery pipe 2 and

exits via the outlet 11..

Thus, during the first stage of the pumping cycle, the pressure in the pump
chamber 3 and in the delivery pipe 2 increases due to the compressed air being
supplied by the compressor via the supply pipe 16 and air pipe 4. When the
pumping cycle enters the second stage, the air in the pump chamber 3 (still
being at a higher pressure) will vent via the air pipe 4 and vent pipe 17 as just
described. As the pressure in the pump chamber 3 decreases during this
second stage, the point is reached where the pressure in the pump chamber 3
drops to a level below the pressure of the water in the bore 100 outside the
pump 1. At this point, the pressure of the water in the bore 100 will be sufficient
to lift the ball 14 off the seat of the opening 13 so that water from the bore 100
can enter via the opening 13. This is shown by arrows D in figure 2. Water will
enter the pump chamber 3 in this way whilst the solenoid 15 holds the air flow

mechanism 6 in the condition which allows venting of air from the pump chamber
3.

During the second stage of the pumping cycle, the back pressure exerted by the
compressed air that is in the delivery pipe 2 acts on the ball 8 (as shown by
arrow BP In figure 2) to seat the ball 8 against the opening 7. This prevents the
air and water in the delivery pipe 2 from returning to the pump chamber 3. In
addition, due to the pressure existing in the delivery pipe 2 the air parcels 25 will
expand (as shown in figure 2) and thereby continue to push the water parcels 24

slowly up the delivery pipe 2. Furthermore, the air directed to the delivery pipe 2
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by the second air flow control mechanism 19 via the branch pipe 18 assists the

carriage of water parcels 25 up the delivery pipe 2 to the outlet 11.

When the time set by the timer 22 has elapsed for the second stage of the
pumping cycle, the solenoid 15 operates the first air flow control mechanism 6 to
switch from the second stage (shown in figure 2) to the first stage of the pumping
cycle (shown in figure 1). Similarly, the solenoid 21 operates the second air flow
control mechanism 19 to switch from the second stage back to the first stage of

the pumping cycle. The pump 1 then operates in the first stage of the pumping

cycle previously described.

The two stage cycle described above is continuously repeated (provided

compressed air is supplied to the pump 1) such that water is pushed up the

delivery pipe 2 to the outlet 11 for collection.

As an alternative to the embodiment herein described, the branch line 18 and
second flow control mechanism 19 may be omitted. In such an embodiment, air

from the supply line 16 ts simply not used in the second stage of the pumping

cycle.

The durations of the first and second stages of the pumping cycle are dependent
upon factors such as the depth of the pump 1 in the bore 100 and the size of the
pump chamber 3. Thus, the deeper the pump 1 is positioned in a bore, the
longer the first stage of the pumping cycle will be. Thus, typically, the first stage
of the pumping cycle may be 30 seconds duration whilst the second stage may
be 6 seconds duration. If the pump 1 is.located at a lesser depth, then the first

stage of the cycle may be of lesser duration.

Similarly, if the pump chamber 3 is of a relatively large size, then the second
stage of the cycle will need to be of a longer duration than it otherwise would be.

Thus, typically for a relatively large chamber (about 20 litres), the first stage of
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the cycle may be of 20 seconds duration and the second stage may be 10

seconds duration.

Typically, the pump chamber 3 may have a volume of approximately 10 to 20
itres. The volume of the pump chamber 3 will depend upon the pumping
situation. If the pump 1 is to be used with a plentiful water supply, then a
relatively large pump chamber 3 may be used. Conversely, if the water supply Is

not as plentiful, a smaller pump chamber 3 may be used.

The pump 1 of the present invention may operate in relatively shallow water
depths. Thus, the pump 1 may operate in bores having a water depth as low as
approximately 1 metre. However, the pump 1 may be used in bores down to a

depth of approximately 125 metres.

Typically, the pump 1 operates in a bore 100 having a water depth of
approximately 1 metre. Typically, the pump chamber 3 may have a volume of

10 to 20 litres, depending upon the quantity of water in the water source.

Whilst the pump of the present invention has been herein before described with
particular reference to its use in pumping water from a bore, the pump of the
oresent invention is also suitable for pumping other liquids. Accordingly, it is to
be understood that reference to the pump of the present invention being used to
pump water in this specification does not restrict the invention to use solely for

pumping water.

Modifications and variations such as would be apparent to a skilled addressee

are deemed to be within the scope of the present invention.

Throughout this specification, unless the context requires otherwise, the word
‘comprise”, or variations such as “comprises” or “comprising”, will be understood
to imply the inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers.
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CLAIMS

A pump characterised in that it comprises:

pump chamber means arranged to receive liquid to be pumped and arr,

delivery pipe means for delivery of the liquid by the air to a location

remote from said pump chamber means,

air pipe means for flow of air therein,

said delivery pipe means and said pump chamber means in fluid

communication,

said air pipe means and said pump chamber means in fluid

communication,

first air flow control means to control air flow via said air pipe means

during first and second stages of a pumping cycle of the pump,

timer means to control the operation of said first air flow control means to
thereby set the durations of said first and second stages of said pumping

cycle, and

first valve means to allow, in use, liquid to enter said pump chamber

means,

wherein in said first stage of said pumping cycle of the pump, said first air
flow control means allows air to be directed via said air pipe means to
said pump chamber means for a time period set by said ttmer means to
cause liquid to be pushed from said pump chamber means into said
delivery pipe means with the air for delivery via said delivery pipe means

to said location, and in said second stage of said pumping cycle said first

AMENDED SHEET - IPEA/AU
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air flow control means allows air to vent from said pump chamber means via
said air pipe means for a time period set by said timer means and said first
valve means allows liquid to enter said pump chamber means whilst liquid

and air are able to continue to travel along said delivery pipe means toward

5 said location.

2. A pump according to claim 1, characterised in that second valve means is
provided to allow, in use, liquid to enter said delivery pipe means from said
pump chamber means during said first stage of said pumping cycle and
prevent liquid escaping from said delivery pipe means into said pump

10 chamber means during said second stage of said pumping cycle, said second
valve means arranged such that the pressure of the air in said delivery pipe
means maintains said second valve means closed to prevent liquid escaping

from said delivery pipe means in said second stage of said pumping cycle.

AMENDED SHEET - [PEA/AU
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. A pump according to claim 1 or 2, characterised in that air supply pipe means

is provided to supply the air that is directed by said first air flow control means
via said air pipe means to said pump chamber means in said first stage of

said pumping cycle of the pump.

A pump according to claim 3, characterised in that branch pipe means IS

orovided for air flow from said air supply pipe means to said delivery pipe
means in said second stage of said pumping cycle to assist carriage of liquid

along said delivery pipe means in said second stage of said pumping cycle.

. A pump according to claim 4, characterised in that second air flow control

means is provided and allows air that is supplied by said air supply pipe
means to be directed via said branch pipe means to said delivery pipe means

in said second stage of said pumping cycle of the pump.

. A pump according to claim 4 or 5, characterised in that third vaive means is

orovided in said branch pipe means to allow air flow in the direction from said
air supply pipe means to said delivery pipe means and prevent flow of liquid in

the reverse direction in said second stage of said pumping cycle.

. A pump according to claim 6, characterised in that said third valve means Is

located downstream of said second air flow control means.

. A pump according to any one of claims 4 to 7, characterised in that said

branch pipe means is connected to said delivery pipe means at a location

remote from said pump chamber means.

. A pump according to any one of claims 1 to 8, characterised in that in said

first stage of said pumping cycle, said air directed via said air pipe means 10
said pump chamber means closes said first valve means to prevent liquid

entering said pump chamber means.
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10.A method of pumping liquid using a pump characterised in that it comprises:

in a first stage of a pumping cycle, directing air from an air supply to a
pump chamber means of said pump to cause liquid to be pushed into a
delivery pipe means of said pump with the air, and delivering the liquid by

S the air via said delivery pipe means to a location remote from said pump

chamber means,

in a second stage of said pumping cycle, allowing air to vent from said
pump chamber means and allowing liquid to enter said pump chamber
means whilst liquid and air are able to continue to travel along said

10 delivery pipe means toward said location, and

controlling the duration during which air is directed from said air supply to
said pump chamber means and the duration during which air is allowed to
vent from said pump chamber means during said first and second stages,

respectively, of said pumping cycle.

15 11.A method according to claim 10, characterised in that it further comprises
preventing liquid in said delivery pipe means from escaping from said delivery
pipe means into said pump chamber means in said second stage of said
pumping cycle due to the pressure of the air in said delivery pipe means

acting to close a valve means of the pump.

20 12.A method according to claim 10 or 11, characterised in that it further
comprises preventing liquid entering said pump chamber means during said

first stage of said pumping cycle.

13.A method according to any one of claims 10 to 12, characterised in that it
further comprises directing air from said air supply to said delivery pipe means

25 in said second stage of said pumping cycle of the pump to assist carriage of
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liquid along said delivery pipe means in said second stage of said pumping

cycle.

14.A method according to claim 13, characterised in that it further comprises
allowing flow of said air from said air supply to said delivery pipe means and

preventing flow of liquid in the reverse direction in said second stage of said

pumping cycle.
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