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This invention relates to heat pump apparatus including
a pressure exchanger.

The term “pressure exchanger” is used herein to mean
apparatus comprising cells in which one fluid quantity
expands, so compressing another fluid quantity with which
it is in contact, ducting to lead fluid substantially steadily
to and from the cells at different pressures and means to
effect relative motion between the cells and the ducting.

An object of the present invention is to employ a heat
pump which can be utilized as a steam generator which
has certain advantages over known steam generator plants,

A further object of the invention is to provide a draught
system for a conventional stecam generator plant.

An embodiment of the invention is shown by way of
example only in the accompanying diagrammatic drawing.

The sole FIGURE of the drawing shows a heat pump
including a pressure exchanger drawn as a developed view
for the sake of clarity,

A cell rotor 10 has open-ended cells 11, which rotor
is rotatable in the direction indicated by an arrow 12
relative to perts and stationary ducts. The cell rotor
10 is mounted for rotation between end-walls, here in the
form of end-plates 13, 14 which serve to close the ends of
the open-ended cells 11, but are provided with a series of
ports for the admission or removal of gas or other fluid
to or from the cells. Each port communicates with a
duct and a series of ducts communicating with the series
of ports include, an inlet duct 15 to admit atmospheric
air to the cells of the rotor through the end-plate 13, an
inlet duct 16 to admit high-pressure high-temperature
fluid to the cells through the other end-plate 14, an out-
let duct 17 to remove compressed gas from the cells
through the end-plate 13, an inlet duct 18 to admit cooled
intermediate-pressure fluid to the cells through the end-
plate 14, and an outlet duct 19 to remove fluid from the
cells through the end-plate 13. An outlet duct 20 com-
municating with the cells through the end-plate 14 serves
to remove gas which has been expanded within the cells
and is thus at a low temperature, A further outlet duct
21 communicating with the cells through the end-plate
14 serves to remove exhaust gases from the cells. The
ports communicating with the inlet ducts 16 and 18 are

disposed adjacent one another, the closing edge of the port !

communicating with the duct 16 lying immediately adja-
cent to the opening edge of the port communicating with
the duct 18. Similarly the respective closing and opening
edges of the ports communicating with the outlet ducts 17
and 19 lie immediately adjacent to one another, and the
respective closing and opening edges of the ports com-
municating with the outlet ducts 20 and 21 lie immediately
adjacent to one another. All the ducts are inclined rel-
atively to the direction of rotation, thereby reducing the
risk of mixing between the fluid quantities in the cells.

A heat-exchanger 22 serves as a connecting link be-
tween the outlet duct 17 and the inlet duct 18 thus form-
ing a circuit. A pipe connection 23 to the inlet of the
cold pass of the heat-exchanger provides a supply of cold
water. A combustion-chamber 24 serves as a connecting
link between the outlet duct 19 and the inlet duct 16.
Fuel is supplied to the combustion-chamber 24. 'The out-
let duct 20 is connected to an apparatus which requires a
supply of cold air. A heat-exchanger 25 is interposed
along the length of the outlet duct 21, the cold pass of
the heat-exchanger having pipe connections 26 one of
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which communicates with an outlet connection 27 of the
cold pass of the heat-exchanger 22.

In operation, fresh air is drawn into the cell rotor 10
through the inlet duct 15 and on rotation of the cell ring
is compressed by hot high-pressure gases produced in the
combustion-chamber 24. The hot high-pressure gases are
admitted to the cells through the port at one end of the
inlet duct 16. A shock wave 28 emanates from the open-
ing edge of the port at one end of the inlet duct 16 and
travels across the cells to the opening edge of the port
communicating with the duct 17. The fresh air which has
been compressed by the shock wave passes partly through
the duct 17 to the hot pass of the heat-exchanger 22 and
partly through the duct 19 to provide a supply of com-
bustion air for the combustion-chamber 24. The inter-
face between the combustion gases admitted through the
inlet duct 16 and the fresh air admitted through the inlet
duct 15 is indicated by a wavy line 29. After the com-
pressed air has passed through the heat exchanger 22 it is
re-admitted to the cells through the duct 18 and the pres-
sure is reduced by a rarefaction wave 30 emanating from
the closing edge of the port communicating with the duct
18. This rarefaction wave 30 brings about a partial ex-
pansion and cooling and further cooling takes place by the
expansion across the expansion wave 31 indicated in the
figure. At the outlet duct 20 the air has been sufficiently
expanded to enable it to be used for refrigeration pur-
poses. Interface lines 32 indicate the approximate bound-
aries between the fresh air and the combustion gases.
The combustion gases are removed from the cells through
the port communicating with the duct 21 and these com-
bustion gases give up most of their heat in the heat-ex-
changer 25.

Water which has been partially heated in the cold
pass of the heat-exchanger 22 and conveyed through the
duct 27 to the cold pass of the heat-exchanger 25 is con-
verted to steam and thus provides the main useful output
of the plant.

I claim:

1. According to the present invention heat pump appa-
ratus includes

a pressure exchanger having cells for the compression

and expansion of at least one fluid, the cells having
open ends,

means defining common end-walls at each end of the

cells, each end-wall having circumferentially spaced
ports therein,

a series of ducts communicating with the cells through

the circumferentially spaced ports in the end-walls,
means for causing relative motion between the cells
and the end-walls,

the series of ducts including in succession in the direc-

tion of relative motion of the cells,

an inlet duct for admitting low-temperature fluid
to the cells through the other one of said end-
walls,

an inlet duct for admitting cooled high-pressure
fluid to the cells, the opening edge of the port
of which immediately follows the closing edge
of the port communicating with the duct for ad-
mlﬁting high-temperature compressed fluid to the
cells,

a second outlet duct for leading high-pressure
fluid derived from the first-mentioned inlet duct
from the cells, the opening edge of the port of
which immediately follows the closing edge of
the port communicating with the first outlet
duct,

an outlet duct for leading cooled low-pressure
fluid from the cells through a port in the said
other end-wall,

and an outlet duct for leading fluid from the cells,
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which fluid is derived from the inlet duct for
admitting high-pressure high-temperature fluid
to the cells and the opening edge of the port
through which the outlet duct communicates
with the cells immediately following the closing
edge of the port which communicates with the
duct leading cooled low-pressure fluid from the
cells,

ducting forming

a first closed circuit between the second outlet duct
and the inlet duct for admitting high-pressure
high-temperature fluid to the cells and a second
closed circuit between the first outlet duct and
the inlet duct for admitting cooled high-pressure
fluid to the cells,

a combustion chamber in the first-named closed circuit,

a heat-exchanger in the second-named closed circuit,

and a further heat-exchanger the hot pass of which com-

municates with the duct for leading fluid from the
cells which fluid is derived from the inlet duct for
admitting high-pressure high-temperature fluid to the
cells and the cold pass of which heat-exchanger is in
communication with the cold pass of the first-men-
tioned heat-exchanger.

2. Apparatus as claimed in claim 1, in which the ducts
to lead fluid to and from the cells are inclined to the direc-
tion of relative motion.

3. According to the present invention heat pump appa-
ratus includes a pressure exchanger having cells for the
compression and expansion of at least one fluid, the cells
having open ends, means defining common end-walls at
each end of the cells, each end-wall having circumferen-
tially spaced ports therein, a series of ducts communicating
with the cells through the circumferentially spaced ports
in the end-walls, means for causing relative motion be-
tween the cells and the end-walls, the series of ducts in-
cluding in succession in the direction of relative motion of
the cells, an inlet duct for admitting low-temperature
fluid to the cells through the one of the end-walls, an inlet
duct for admitting high-pressure high-temperature fluid
to the cells through the other one of the said end-walls, a
first outlet duct for leading high-pressure fluid derived
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from the first-mentioned inlet duct from the cells through
the said one of the end-walls, an inlet duct for admitting
cooled high-pressure fluid to the cells, the opening edge of
the port of which immediately follows the closing edge of
the port communicating with the duct for admitting high-
temperature compressed fluid to the cells, a second outlet
duct for leading high-pressure fluid derived from the first-
mentioned inlet duct from the cells, the opening edge of
the port of which immediately follows the closing edge of
the port communicating with the first outlet duct, an outlet
duct for leading cooled low-pressure fluid from the cells
through a port in the said other end-wall, and an outlet
duct for leading fluid from the cells, which fluid is de-
rived from the inlet duct for admitting high-pressure high-
temperature fluid to the cells and the opening edge of the
port through which the outlet duct communicates with the
cells immediately following the closing edge of the port
which communicates with the duct leading cooled low-
pressure fluid from the cells, ducting forming a first closed
circuit between the second outlet duct and the inlet duct
for admitting high-pressure high-temperature fluid to the
cells and a second closed circuit between the first outlet
duct and the inlet duct for admitting cooled high-pressure
fluid to the cells, a combustion chamber in the first-named
closed circuit, a heat-exchanger in the second-named
closed circuit, and a further heat-exchanger the hot pass
of which communicates with the duct for leading fluid
from the cells which fluid is derived from the inlet duct
for admitting high-pressure high-temperature fluid to the
cells and the cold pass of which heat-exchanger is in
communication with the cold pass of the first-mentioned
heat-exchanger.

4, Apparatus as claimed in claim 3, in which the ducts
to lead fluid to and from the cells are inclined to the di-
rection of relative motion.
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