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(67)  There is disclosed a method of operating a
steam compression apparatus 10 comprising acompres-
sor 12 and a drive unit 14, the method comprising: oper-
ating the drive unit 14 to drive the compressor 12 so as
to provide a superheated steam flow; cooling the drive
unit 14 with a liquid cooling medium, so that the cooling
medium recovers thermal energy from the drive unit 14;
and de-superheating the steam flow from the compressor
by injecting the cooling medium into the steam flow down-
stream of the drive unit. An alternative method of oper-

Steam compression apparatus and method

ating a steam compression apparatus is also disclosed
in which the steam flow from the compressor is de-su-
perheated by indirect heat transfer between the steam
flow and the cooling medium downstream of the drive
unit 14, thereby vaporising a portion of the cooling me-
dium to provide a vaporised flow which combines with
the steam flow. Corresponding steam compression ap-
paratus 10 is disclosed comprising a compressor 12,
drive unit 14 and de-superheater 16, 16’.
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Description

[0001] The invention relates to a steam compression
apparatus and a method of operating a steam compres-
sion apparatus.

[0002] Itis known inthe field of steam systems to com-
press a low-pressure steam flow to provide a high-pres-
sure steam flow. Compression of steam results in a
change of temperature and may result in the steam tran-
sitioning from one steam region to another (e.g. from wet
steam to dry saturated steam or to superheated steam).
A steam flow may be compressed to increase the pres-
sure and temperature of the steam flow.

[0003] Where a high-pressure steam flow from a com-
pressor is superheated, it may be desirable to subse-
quently de-superheat the steam to reduce the level of
superheat or to provide substantially dry saturated
steam. For example, saturated steam is preferred for
heat transfer applications, whereas superheated steam
is preferred for flow through turbines. Dry saturated
steam is steam at saturation temperature and in the ab-
sence of saturated liquid water, and is typically repre-
sented in steam charts by the "dry saturated steam" or
"saturated steam" line. Substantially dry saturated steam
is steam close to or on the dry saturated steam line, i.e.
with a dryness approaching 100% or a small level of su-
perheat.

[0004] A steam flow is typically de-superheated by
cooling in a heat exchanger or by a de-superheater.
[0005] Compressors for compressing a steam flow are
typically driven by a motor that produces thermal energy
in use. This thermal energy is typically exhausted to the
ambient air, which can be considered to be an inefficient
use of energy.

[0006] Whilst known steam compression apparatus
may be satisfactory, it is desirable to provide improve-
ments in efficiency.

[0007] In a broad aspect there is provided a method of
operating a steam compression apparatus comprising a
compressor and a drive unit, the method comprising: op-
erating the drive unit to drive the compressor so as to
provide a superheated steam flow; cooling the drive unit
with a liquid cooling medium, so that the cooling medium
recovers thermal energy from the drive unit; and de-su-
perheating the steam flow by heat transfer between the
steam flow and the cooling medium downstream of the
drive. There is also provided a steam compression ap-
paratus comprising: a compressor for providing a super-
heated steam flow; adrive unitfor driving the compressor;
a cooling apparatus arranged to provide a cooling medi-
um to the drive unit so that in use the cooling medium
recovers thermal energy from the drive unit; and a de-
superheater arranged to receive the cooling medium
downstream of the drive unit, the de-superheater being
arranged to de-superheat the steam flow from the com-
pressor by heat transfer between the steam flow and the
cooling medium .

[0008] According to afirst aspect of the invention there
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is provided a method of operating a steam compression
apparatus comprising a compressor and a drive unit, the
method comprising: operating the drive unit to drive the
compressor so as to provide a superheated steam flow;
cooling the drive unit with a liquid cooling medium, so
that the cooling medium recovers thermal energy from
the drive unit; and de-superheating the steam flow from
the compressor by injecting the cooling medium into the
steam flow downstream of the drive unit. The thermal
energy recovered from the drive unit is therefore trans-
ferred to the steam flow. The method of operating the
steam compression apparatus may be a heat recovery
method for the steam compression apparatus.

[0009] The purpose of the de-superheater is to cool
the superheated steam flow, and so it may seem that the
use of a cooling medium that has recovered thermal en-
ergy from the drive unit is counterintuitive, since it will be
at a comparatively higher temperature than if it had not
recovered said thermal energy. However, it will be ap-
preciated thatthe increased thermal energy of the cooling
medium means that an increased quantity of the cooling
medium is required to de-superheat the steam flow. One
benefit of this is that proportionally less of the steam flow
downstream of the de-superheater originates upstream
of the compressor, therefore reducing the demand on
upstream steam generation, or conversely increasing the
output overall.

[0010] The method may further comprise controlling
the injection of the cooling medium into the steam flow.
[0011] The method may further comprise monitoring a
thermodynamic property of the steam flow, and the in-
jection of the cooling medium may be controlled at least
partly based on the thermodynamic property. The ther-
modynamic property may be the temperature, pressure
and/or dryness of the steam flow.

[0012] The thermodynamic property of the steam flow
may be monitored upstream or downstream of the injec-
tion of the cooling medium. For example, the tempera-
ture, pressure and/or dryness of the steam flow may be
monitored upstream of the compressor; downstream of
the compressor and upstream of the injection of the cool-
ing medium; or downstream of the injection of the cooling
medium.

[0013] Morethan one thermodynamic property may be
monitored, and the injection of the cooling medium may
be controlled at least partly based on one or more of the
monitored properties.

[0014] The method may further comprise monitoring
the flow rate of the steam flow and controlling the injection
of the cooling medium at least partly based on the flow
rate.

[0015] Similarly, the method may further comprise
monitoring a thermodynamic property of the cooling me-
dium downstream of the drive unit and controlling the
injection of the cooling medium at least partly based on
the thermodynamic property of the cooling medium. The
thermodynamic property may be the temperature and/or
pressure of the cooling medium. More than one thermo-
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dynamic property may be monitored, and the injection of
the cooling medium may be controlled at least partly
based on one or more of the monitored thermodynamic
properties of the cooling medium.

[0016] Theinjection of the coolingmedium may be con-
trolled so as to de-superheat the steam flow to provide
substantially dry saturated steam. The steam flow may
be determined to comprise substantially dry saturated
steam when the temperature is at least the saturation
temperature of the steam flow and no more than 10°C,
no more than 5°C, no more than 2°C or no more than
1°C above the saturation temperature of the steam flow.
The steam flow may be determined to comprise substan-
tially dry saturated steam when the steam dryness is at
least 90%, at least 95%, at least 98%, at least 99% or
100%.

[0017] Theinjection of the cooling medium may be con-
trolled so as to de-superheat the steam flow to a prede-
termined level of superheat. The predetermined level of
superheat may be at least 1°, at least 2°, at least 5° at
least 10° or more above the saturation temperature of
the steam flow.

[0018] The method may further comprise adjusting the
shaft power provided to the compressor from the drive
unit, so as to adjust the compression ratio of the steam,
and thereby the level of superheat in the superheated
steam flow.

[0019] According to a second aspect of the invention
there is provided a method of operating a steam com-
pression apparatus comprising a compressor and a drive
unit, the method comprising: operating the drive unit to
drive the compressor so as to provide a superheated
steam flow; cooling the drive unit with a liquid cooling
medium, so that the cooling medium recovers thermal
energy from the drive unit; and de-superheating the
steam flow from the compressor by indirect heat transfer
between the steam flow and the cooling medium down-
stream of the drive unit, thereby vaporising a portion of
the cooling medium to provide a vaporised flow which
combines with the steam flow. The thermal energy re-
covered from the drive unit is therefore transferred to the
steam flow. The method of operating the steam compres-
sion apparatus may be a heat recovery method for the
steam compression apparatus.

[0020] The cooling medium may be water when in lig-
uid form. The cooling medium may be steam when va-
porised (i.e. in gaseous form).

[0021] Accordingtoathird aspectofthe inventionthere
is provided a steam compression apparatus comprising:
a compressor for providing a superheated steam flow; a
drive unit for driving the compressor; a cooling apparatus
arranged to provide a cooling medium to the drive unit
so that in use the cooling medium recovers thermal en-
ergy from the drive unit; and a de-superheater arranged
to receive the cooling medium downstream of the drive
unit, the de-superheater being arranged to de-superheat
the steam flow from the compressor by injecting the cool-
ing medium into the steam flow. The cooling apparatus

10

15

20

25

30

35

40

45

50

55

allows thermal energy recovered from the drive unit to
be transferred to the steam flow.

[0022] Thede-superheatermaybe arranged toreceive
the cooling medium directly from the drive unit. The cool-
ing medium may be received at the de-superheater at
substantially the same temperature that it left the drive
unit (i.e. the steam compression apparatus may be con-
figured so that the temperature of the cooling fluid is sub-
stantially constant between the drive unit and the de-
superheater).

[0023] The de-superheater may comprise a valve and
avalve controller for controlling the injection of the cooling
medium into the steam flow. The steam compression ap-
paratus may further comprise a steam sensor for moni-
toring a thermodynamic property of the steam flow, and
the valve controller may control the injection of the cooling
medium at least partly based on the thermodynamic
property of the steam flow.

[0024] The steam sensor may comprise a tempera-
ture, pressure and/or dryness sensor. The steam sensor
may be disposed upstream of the compressor; down-
stream of the compressor and upstream of the de-super-
heater; or downstream of the de-superheater. The steam
sensor may be disposed within the de-superheater.
There may be more than one sensor for monitoring more
than one thermodynamic property of the steam flow, and
the injection of the cooling medium may be controlled at
least partly based on one or more of the monitored prop-
erties.

[0025] The steam compression apparatus may further
comprise a flow meter for monitoring the flow rate of the
steam flow, and the valve controller may control the in-
jection of the cooling medium at least partly based on the
flow rate of the steam flow.

[0026] The steam compression apparatus may further
comprise a cooling medium sensor for monitoring a ther-
modynamic property of the cooling medium downstream
of the drive unit, and the valve controller may control the
injection of the cooling medium at least partly based on
the thermodynamic property of the cooling medium. The
thermodynamic property may be the temperature and/or
pressure of the cooling medium. The cooling medium
sensor may be disposed upstream of the de-superheater
and downstream of the drive unit. The cooling medium
sensor may be disposed within the de-superheater.
There may be more than one cooling medium sensor for
monitoring more than one thermodynamic property of the
cooling medium, and the injection of the cooling medium
may be controlled at least partly based on one or more
of the monitored thermodynamic properties of the cooling
medium.

[0027] The valve controller may be configured to con-
trol the injection of the cooling medium so as to de-su-
perheat the steam flow to provide substantially dry sat-
urated steam.

[0028] The valve controller may be configured to con-
trol the injection of the cooling medium so as to de-su-
perheat the steam flow to a predetermined level of su-
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perheat.

[0029] According to a fourth aspect of the invention
there is provided a steam compression apparatus com-
prising: a compressor for providing a superheated steam
flow; a drive unit for driving the compressor; a cooling
apparatus arranged to provide a liquid cooling medium
to the drive unit so that in use the cooling medium recov-
ers thermal energy from the drive unit; a de-superheater
arranged to receive the cooling medium downstream of
the drive unit, the de-superheater being arranged to de-
superheat the steam flow from the compressor by indirect
heat transfer between the steam flow and the cooling
medium so that in use a portion of the cooling medium
is vaporised, wherein the de-superheater is arranged to
combine the vaporised cooling medium with the steam
flow.

[0030] The de-superheater may be arranged so that
the cooling medium received from the drive unitis at sub-
stantially the same pressure as the steam flow, so that
in use the cooling medium received therein tends to the
saturation temperature of the steam flow. The cooling
medium received from the drive unit may be in fluid com-
munication with the steam flow. The cooling medium re-
ceived from the drive unit may be in fluid communication
with the steam flow so that when vaporised it combines
with the steam flow.

[0031] The invention will now be described, by way of
example, with reference to the following Figures, in
which:

Figure 1 schematically shows a steam compression
apparatus according to a first embodiment of the in-
vention;

Figure 2 schematically shows a steam compression
apparatus according to a second embodiment of the
invention; and

Figure 3 schematically shows a steam compression
apparatus according to a third embodiment of the
invention.

[0032] Figure 1 shows a steam compression appara-
tus 10 comprising a compressor 12, a compressor drive
unit 14, a de-superheater 16 and a water cooling network
18. In use, water is used to cool the compressor drive
unit 14 and is then supplied to the de-superheater to de-
superheat superheated steam from the compressor 12.
[0033] Aninletsteamline 20 extends from anupstream
steam system (not shown) to the compressor 12, which
in this embodiment is an axial flow compressor. An outlet
steam line 22 extends from the compressor 12. The de-
superheater 16 is coupled to the outlet steam line 22, as
will be described in detail below.

[0034] The compressor 12 is driven by the drive unit
14, which comprises a motor 24 and associated drive
electronics 26 including an inverter. The motor 24 is cou-
pled to the compressor 12 by a drive shaft 28.
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[0035] The drive unit 14 is thermally coupled to a cool-
ing apparatus in the form of a water cooling network 18
connected to a supply of cooling water (not shown). The
water cooling network 18 is thermally coupled to heat
sinks of the drive unit 14. Supply pipes 32 convey water
from the water supply to the drive unit 14, and transfer
pipes 34 convey the water from the drive unit 14 to the
de-superheater 16.

[0036] Inthis embodimentthe de-superheater 16 is an
injection-type de-superheater which is arranged to inject
the cooling water received from the drive unit 14 into the
steam flow. The de-superheater 16 comprises an injec-
tion nozzle that extends into the steam flow. The de-su-
perheater 16 is coupled to control apparatus comprising
steam sensors 36, 38, 40; a steam flow meter 42; a con-
trol valve 44; a cooling medium sensor 46 and a controller
48. In other embodiments one or more parts of the control
apparatus may be integrated with the de-superheater 16.
[0037] The steam sensor 36 is a steam dryness sensor
36 arranged to determine the dryness of the steam. For
example, steam that is determined to be 95% dry com-
prises 95% water vapour (saturated steam) and 5% water
droplets (saturated water). The steam sensor 38 is a tem-
perature sensor which projects into the steam flow and
is arranged to generate a signal relating to the tempera-
ture of the steam flow. The steam sensor 40 is a pressure
sensor which projects into the steam flow and is arranged
to generate a signal relating to the pressure of the steam
flow. In this embodiment the steam sensors 36, 38, 40
are disposed downstream of the de-superheater 16.
[0038] The steam flow meter 42 is arranged to gener-
ate a signal relating to the flow rate of the steam flow. In
this embodiment the steam flow meter 42 is disposed
downstream of the compressor 12 and upstream of the
de-superheater 16.

[0039] The cooling medium sensor 46 is atemperature
sensor which projects into the cooling water flow in the
transfer pipes 34 and is arranged to generate a signal
relating to the temperature of the cooling water in the
transfer pipes 34.

[0040] The control valve 44 is configured to limit the
injection flow rate at which the cooling water is injected
into the steam flow. The controller 48 is configured to
control the valve 44 so as to increase or decrease the
injection flow rate. The controller 48 may be configured
to set a particular injection flow rate or an injection flow
rate range for the control valve 44.

[0041] Operation of the steam compression apparatus
10 will now be described. In the following description,
example steam properties are given for illustrative pur-
poses only.

[0042] The drive unit 14 is operated to drive the com-
pressor 12. The supply pipes 32 of the cooling network
18 bring cooling water at a supply temperature of approx-
imately 20°C to flow over heat sinks of the drive unit 14,
so as to transfer thermal energy from the drive unit 14 to
the cooling water. The transfer pipes 34 convey the cool-
ing water from the drive unit 14 at an elevated tempera-
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ture of approximately 80°C.

[0043] Relatively low-pressure steam flows tothe com-
pressor 12 at a pressure of 1 bar gauge, a temperature
of approximately 120°C (the saturation temperature) and
a steam dryness of 90%. Accordingly, this low-pressure
steam is wet steam comprising 90% saturated steam and
10% saturated water, as opposed to being substantially
dry saturated steam or superheated steam. The com-
pressor 12 is driven to compress the low-pressure wet
steam to provide a high-pressure superheated steam
flow at a pressure of 5 bar gauge and a temperature of
175°C (i.e. approximately 16°C superheated).

[0044] Thede-superheater 16receives the coolingwa-
ter from the drive unit 14 via the transfer pipes 34 at the
elevated temperature of approximately 80°C. The control
valve 44 limits the injection flow rate at which cooling
water received from the drive unit 14 is injected into the
steam flow.

[0045] The control apparatus adjusts the injection flow
rate according to the desired operation of the de-super-
heater 16. In one example mode of operation, the control
apparatus is configured such that the steam flow down-
stream of the de-superheater 16 is substantially dry sat-
urated steam, as will be described below.

[0046] In this embodiment, the steam sensors 36, 38,
40 are disposed downstream of the de-superheater, and
the control apparatus operates a feedback loop. The sig-
nals from the steam sensors 36, 38, 40 are communicat-
ed to the controller 48 which determines whether the
steam is superheated, substantially dry saturated steam,
or wet steam. For example, the controller 48 looks up the
saturation temperature associated with the monitored
pressure of the steam flow, and determines from the tem-
perature sensor 38 whether the temperature of the steam
flow is higher than the saturation temperature, which
would indicate that the steam flow is superheated.
[0047] A lower threshold and an upper threshold are
setbythe controller 48 according to the desired operation
of the de-superheater 16. In this example mode of oper-
ation, the lower threshold is marginally below the satu-
ration temperature at the monitored steam pressure (e.
g. 1°C below) or 95% steam dryness, whereas the upper
threshold is 2°C above the saturation temperature. In oth-
er embodiments the difference between the threshold
values and the saturation temperature or the ideal steam
dryness (100%) may be lesser or greater.

[0048] When the controller 48 determines that the
steam flow is wet steam (i.e. below the lower threshold),
it causes the control valve 44 to decrease the injection
flow rate. When the controller determines that the steam
flow is superheated (i.e. above the upper threshold), it
causes the control valve 44 to increase the injection flow
rate. When the controller determines that the steam flow
is substantially dry saturated steam (i.e. between the
thresholds), it causes the control valve 44 to maintain the
present injection flow rate.

[0049] In an alternative example mode of operation the
control apparatus is configured so that the steam flow
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downstream of the de-superheater 16 is superheated to
a predetermined amount of 5°C. Accordingly, the lower
threshold and upper threshold are set to 4°C and 6°C
above saturation temperature. It will be appreciated that
the thresholds may be set with wider or narrower toler-
ances.

[0050] In both examples, the amount of cooling water
that is required to de-superheat the steam flow depends
on the temperature of the cooling water injected by the
de-superheater 16. Since the temperature of the cooling
water at the de-superheater 16 is the elevated tempera-
ture of 80°C, significantly more cooling water is required
to de-superheat the steam flow than would be required
if the cooling water is received at the lower supply tem-
perature of 20°C. Accordingly, providing the cooling wa-
ter to the de-superheater 16 at the elevated temperature
has the effect of increasing the mass flow rate of the
steam flow.

[0051] Usingcooling water atthe elevated temperature
has the effect of transferring the thermal energy recov-
ered from the drive unit 14 into the steam flow, despite
the elevated temperature of the cooling water being less
than the temperature of the resultant steam flow.
[0052] Inasecond embodiment shown in Figure 2, the
steam sensors 36, 38, 40 and the flow meter 42 are dis-
posed between the compressor 12 and the de-super-
heater 16. Accordingly, the steam conditions monitored
by the steam sensors 36, 38, 40 correspond to the steam
flow before injection of the cooling water. Consequently,
the controller 48 is configured to calculate the injection
flow rate required to reach the desired steam conditions.
[0053] In one example mode of operation, the control
apparatus is configured so that the steam flow down-
stream of the de-superheater 16 is substantially dry sat-
urated steam. The controller 48 periodically determines
the pressure and temperature of the steam flow upstream
of the de-superheater 16 and calculates the specific en-
thalpy of the superheated steam flow. Taking into ac-
count the temperature of the cooling water as monitored
by the cooling medium sensor 46 and the flow rate of the
steam flow as monitored by the flow meter 42, the con-
troller 48 determines the injection flow rate of cooling
water required to reduce the specific enthalpy of the
steam flow to a value corresponding to substantially dry
saturated steam. The controller 48 causes the control
valve 44 to inject cooling water at this rate.

[0054] In other modes of operation, the control appa-
ratus may be configured such that the steam flow down-
stream of the de-superheater 16 has a predetermined
level of superheat, such as approximately 5°C.

[0055] In a third embodiment shown in Figure 3, the
de-superheater 16’ is a shell-and-tube de-superheater
which is arranged to de-superheat the steam flow by in-
direct contact. The de-superheater 16’ comprises a U-
shaped shell 50 having two vertically upstanding parts
54, 55 and a curved lower part 56. A plurality of steam
tubes 52, 53 extend longitudinally in each of the upstand-
ing parts 54, 55 and are connected by a steam conduit
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56 forming the curved part. In each of the upstanding
parts 54, 55 the space between the steam tubes 52, 53
forms a cooling volume 58 for cooling water, bounded by
a lower sealing plate 59 at the base of each upstanding
part 54, 55. The two cooling volumes are connected by
a lower channel 62 and are open at their upper ends so
that they are in fluid communication with the open upper
ends of the steam tubes 52, 53 respectively. The de-
superheater 16’ has a steam inlet 64 at the upper end of
the first upstanding part 54 and a steam outlet 66 at the
upper end of the second upstanding part 55.

[0056] A water-level control valve 68 is arranged to de-
tect the water level of the cooling volumes in the upstand-
ing parts 54, 55 and to control the flow of cooling water
fromthe transfer pipes 34 into the cooling volume to main-
tain the water level within a predetermined range. A drain
70 is provided for draining cooling water from the cooling
volumes. The water-level control valve 68 and the drain
70 are controllable by the controller 48.

[0057] The steam sensors 36, 38, 40 are disposed
downstream of the de-superheater 16’ for monitoring the
steam dryness, temperature and pressure of the steam
flow from the outlet 66.

[0058] In use, steam from the compressor 12 enters
the de-superheater 16’ via the steam inlet 64 and passes
down through the first set of steam tubes 52, through the
curved steam conduit 56 and up through the second set
of steam tubes 53 to exit via the steam outlet 66. As the
steam passes through the first and second sets of steam
tubes 52, 53 it is cooled by heat transfer from the steam
through the tubes 52, 53 to the surrounding cooling water.
The cooling volumes of the upstanding parts 54, 55 of
the de-superheater 16’ are open to the steam flow, and
so the cooling water is at the same pressure as the steam
flow. Accordingly, the cooling water tends to the satura-
tion temperature, and a portion of the cooling water va-
porises as heat is transferred. Vaporised cooling water
(i.e. steam) travels up through the respective upstanding
parts 54, 55 and combines with the steam flow received
from the compressor.

[0059] Accordingly, as with the injection-type de-su-
perheater 16 of the above described embodiments, the
thermal energy recovered from the drive unit 14 by the
cooling water is transferred to the steam flow, although
in this embodiment the cooling water first vaporises and
then combines with the steam flow.

[0060] The amount by which the steam flow is de-su-
perheated depends on the temperature of the steam flow,
the temperature of the cooling water, and the length of
the steam tubes 52, 53 that is immersed in the cooling
water. The controller 46 determines the properties of the
steam flow outlet from the steam outlet 66 (i.e. down-
stream of the de-superheater 16’) based on monitoring
by the steam sensors 36, 38, 40.

[0061] In one example mode of operation, the length
of the steam tubes 52, 53 immersed in the cooling water
is sufficient that the steam flow is fully de-superheated
to the saturation temperature as it passes through the
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de-superheater 16’, and a portion of the cooling water
vaporises to combine with the steam flow.

[0062] However, in other example modes of operation
the length of the steam tubes 52, 53 immersed in the
cooling water is insufficient, or conversely the level of
superheat in the steam flow is high, such that the steam
flow is not fully de-superheated to the saturation temper-
ature.

[0063] Inonesuchmode ofoperation, apredetermined
level of superheat in the outlet steam flow is desirable
and the length of the steam tubes 52, 53 immersed in
the cooling water is controlled by the water-level control
68 as part of a feedback loop with the controller 72 and
steam sensors 36, 38, 40 so that steam outlet from the
de-superheater 16’ has the predetermined level of su-
perheat.

[0064] In a further mode of operation, such a degree
of superheat is undesirable and so the temperature of
the cooling water is controlled to be lower than the sat-
uration temperature, if required. The drain 70 is opened
so as to allow cooling water to flow into and out of the
cooling volume without reaching the saturation temper-
ature. This effectively reduces the temperature of the
cooling water in the cooling volume when compared with
the first example of use, so that the heat transfer rate
between the steam flow and the cooling water is in-
creased to the extent that the steam flow can be fully de-
superheated. In this example, the drain 70 can be opened
to control a drainage flow rate and forms part of a feed-
back loop with the controller 72 and steam sensors 36,
38 and 40. The feedback loop alters the drainage flow
rate to reach or maintain the desired outlet steam prop-
erties. However, since the cooling water is below the sat-
uration temperature, the cooling water may not vaporise
and combine with the steam flow. This example of use
may correspond to a temporary mode of use, for exam-
ple, if the level of superheat in the steam flow is tempo-
rarily too high.

[0065] As described above, the invention allows ther-
mal energy recovered from the drive unit by cooling water
to be transferred to the steam flow. Further, it will be
appreciated that raising the temperature of the cooling
water to the elevated temperature means that compara-
tively more cooling water is required to de-superheat the
same quantity of steam flow. Since the cooling water is
combined with the steam flow (either by injection or by
vaporisation and subsequent joining of flows), the ele-
vated temperature of the cooling water also results in an
increased proportion of the steam flow downstream of
the de-superheater originating from the cooling water (or,
as a corollary, a reduced proportion originating from the
steam flow upstream of the compressor). Consequently,
less upstream low-pressure steam is required in order to
provide the same quantity of downstream high-pressure
steam.
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Claims

A method of operating a steam compression appa-
ratus comprising a compressor and a drive unit, the
method comprising:

operating the drive unit to drive the compressor
so as to provide a superheated steam flow;
cooling the drive unit with a liquid cooling medi-
um, so that the cooling medium recovers thermal
energy from the drive unit; and
de-superheating the steam flow from the com-
pressor by injecting the cooling medium into the
steam flow downstream of the drive unit.

A method according to claim 1, further comprising
controlling the injection of the cooling medium into
the steam flow.

A method according to claim 2, further comprising
monitoring a thermodynamic property of the steam
flow such as the temperature, pressure and/or dry-
ness of the steam flow, and wherein the injection of
the cooling medium is controlled at least partly based
on the thermodynamic property.

A method according to claim 2 or 3, further compris-
ing monitoring the flow rate of the steam flow and
controlling the injection of the cooling medium at
least partly based on the flow rate.

A method according to any one of claims 2 to 4, fur-
ther comprising monitoring a thermodynamic prop-
erty of the cooling medium downstream of the drive
unit, such as the temperature and/or pressure of the
cooling medium, and controlling the injection of the
cooling medium at least partly based on the thermo-
dynamic property of the cooling medium.

A method according to any one of claims 2 to 5,
wherein the injection of the cooling medium is con-
trolled so as to de-superheat the steam flow to pro-
vide substantially dry saturated steam or to de-su-
perheat the steam flow to a predetermined level of
superheat.

A method of operating a steam compression appa-
ratus comprising a compressor and a drive unit, the
method comprising:

operating the drive unit to drive the compressor
so as to provide a superheated steam flow;
cooling the drive unit with a liquid cooling medi-
um, so that the cooling medium recovers thermal
energy from the drive unit; and
de-superheating the steam flow from the com-
pressor by indirect heat transfer between the
steam flow and the cooling medium downstream
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8.

10.

1.

12.

13.

14.

of the drive unit, thereby vaporising a portion of
the cooling medium to provide a vaporised flow
which combines with the steam flow.

A steam compression apparatus comprising:

a compressor for providing a superheated
steam flow;

a drive unit for driving the compressor;

a cooling apparatus arranged to provide a cool-
ing medium to the drive unit so that in use the
cooling medium recovers thermal energy from
the drive unit; and

a de-superheater arranged to receive the cool-
ing medium downstream of the drive unit, the
de-superheater being arranged to de-superheat
the steam flow from the compressor by injecting
the cooling medium into the steam flow and the
cooling medium.

A steam compression apparatus according to claim
8, wherein the de-superheater comprises a valve
and a valve controller for controlling the injection of
the cooling medium into the steam flow.

A steam compression apparatus according to claim
9, further comprising a steam sensor for monitoring
a thermodynamic property of the steam flow, such
as a temperature, pressure and/or dryness sensor,
and wherein the valve controller controls the injection
of the cooling medium at least partly based on the
thermodynamic property of the steam flow.

A steam compression apparatus according to claim
9 or 10, further comprising a flow meter for monitoring
the flow rate of the steam flow, wherein the valve
controller controls the injection of the cooling medi-
um at least partly based on the flow rate of the steam
flow.

A steam compression apparatus according to any
one of claims 9 to 11, further comprising a cooling
medium sensor for monitoring a thermodynamic
property of the cooling medium downstream of the
drive unit, such as the temperature and/or pressure
of the cooling medium, wherein the valve controller
controls the injection of the cooling medium at least
partly based on the thermodynamic property of the
cooling medium.

A steam compression apparatus according to any
one of claims 9 to 12, wherein the valve controller is
configured to control the injection of the cooling me-
dium so as to de-superheat the steam flow to provide
substantially dry saturated steam or to de-superheat
the steam flow to a predetermined level of superheat.

A steam compression apparatus comprising:
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a compressor for providing a superheated
steam flow;

a drive unit for driving the compressor;

a cooling apparatus arranged to provide a liquid
cooling medium to the drive unit so that inuse %
the cooling medium recovers thermal energy
from the drive unit; and

a de-superheater arranged to receive the cool-

ing medium downstream of the drive unit, the
de-superheater being arranged to de-superheat 70
the steam flow from the compressor by indirect
heat transfer between the steam and the cooling
medium so that in use a portion of the cooling
medium is vaporised, wherein the de-super-
heater is arranged to combine the vaporised 15
cooling medium with the steam flow.

15. A steam compression apparatus according to claim
14, wherein the de-superheateris arranged such that
the cooling medium received from the drive unitis 20
at substantially the same pressure as the steam flow,
such thatin use the cooling medium received therein
tends to the saturation temperature of the steam

flow.
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