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(57) A water cooling apparatus (A1 ,A2, A3) com-
prises a compressed air cooler (12) for cooling com-
pressed air, a wet-type water cooler (13) into which
condensed water generated by the compressed air cool-
er (12) is introduced as makeup water, a cooling water
pump (14) which sends the cooling water discharged

from the wet-type water cooler to a cold end of the
compressed air cooler to cool the compressed air by
the cooling water, a dry-type water cooler (15) for cooling
warm water discharged from a warm end of the com-
pressed air cooler and a first flow rate regulating valve
(121) for regulating the flow rate of the condensed water.
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Description

[0001] The present invention relates to a compressed
gas cooling apparatus, for example a compressed gas
cooling apparatus using cooling water to cool com-
pressed gas downstream of a compressor.
[0002] Cooling water used to cool equipment is gen-
erally cooled using wet-type water coolers or dry-type
water coolers (see, for example, JPS51‑056644,
US2021/0341222 A1).
[0003] A wet-type cooler causes a portion of the cool-
ing water to evaporate, and cools the cooling water using
the resulting latent heat, and there are configurations that
are open to the atmosphere and those that are isolated
from the atmosphere and operate under reduced pres-
sure (see, for example, JP2004‑232925). However, cool-
ing water lost through evaporation must be replenished.
[0004] Conceivable configurations include those in
which makeup water is mixed with the cooling water,
and those in which the makeup water indirectly cools
the cooling water via a heat exchanger without being
mixed with the cooling water. However, these configura-
tions all have the common problem that water is lost
through evaporation. Furthermore, mixing the makeup
water with the cooling water also has the concomitant
problem that mineral components and the like contained
in the water become concentrated.
[0005] Dry-type coolers cool the cooling water by in-
direct heat exchangewith atmospheric air, bymeans of a
heat exchanger, and require theapplication of a blower or
the like to improve the heat exchange efficiency.
[0006] Especially in current times when supplies of
both water resources and electric power are tight, there
is a demand to build apparatus that optimize usage of
water andelectric power in accordancewith environmen-
tal conditions without the addition of equipment that
requires cooling. This demand is particularly pronounced
in cryogenic air separation devices provided with air
compressors.
[0007] Generally, the temperature difference between
the cooling water of an air compressor and the atmo-
sphere is small, and when performing atmospheric cool-
ing, the volume of air blown increases, increasing the
load on the blower, and it is therefore economically ra-
tional to reduce the power consumption of the blower by
employing the latent heat of vaporization of water to cool
the water.
[0008] In consideration of the above problems and
demands, the present disclosure provides a water cool-
ing apparatus of a apparatus provided with a dry-type
water cooler and a wet-type water cooler, in which con-
densed water is generated by a compressed gas cooler
and the condensed water is supplied to the wet-type
water cooler, thereby making it possible to limit makeup
water.
[0009] Also provided is an air separation device pro-
vided with the water cooling apparatus.

[Means of overcoming the problem]

[0010] According to the present invention, there is
provided a compressed gas cooling apparatus compris-
ing:

• a compressor for compressing a gas containing
water, a compressed gas cooler for cooling com-
pressed gas compressed by the compressor by in-
direct heat exchange with cooling water;

• a wet-type cooler,
• a first condensed water pipe connected to the com-

pressed gas cooler for sending condensed water
generated in the compressed gas cooler into the
wet-type cooler as makeup water;

• a first flow rate regulating valve provided in the first
condensed water line pipe to regulate a flow rate of
the condensed water.

• a cooling water pump connected to send cooling
water discharged from the wet-type water cooler to
a cold end of the compressed gas cooler to cool the
compressed gas by means of the cooling water;

• a dry-type water cooler connected to a warm end of
the compressed gas cooler for cooling cooling water
discharged from the warm end of the compressed
gas cooler;
and

• means for sendingwater warmed in the compressed
gas cooler to the wet-type cooler to be cooled by
direct heat exchange with air in the wet-type cooler.
According to other optional features:

• the means for sending water warmed in the com-
pressed gas cooler to the wet-type cooler to be
cooled by direct heat exchange with air in the wet-
type cooler include the dry-type cooler which is con-
nected to the wet-type cooler to send water warmed
in the dry-type cooler thereto.

• the means for sending water warmed in the com-
pressed gas cooler to the wet-type cooler to be
cooled by direct heat exchange with air in the wet-
type cooler without passing through the dry-type
cooler, the dry-type being connected to the cooling
water pump for sending water to the pump without
having been cooled in the wet-type cooler.

• the apparatus includes a water buffer for storing the
condensed water.

• the apparatus includes a second condensed water
line pipe that sends condensed water from the water
buffer to the wet-type water cooler; and

• a second flow rate regulating valve provided in the
second condensed water line pipe to regulate the
flow rate of the condensed water.

[0011] The apparatus may include a first control unit
that controls the first flow rate regulating valve to control
the amount of condensed water supplied to the wet-type
cooler.
[0012] The apparatus may include a first control unit
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that controls the second flow rate regulating valve to
control the amount of condensed water supplied to the
wet-type cooler.
[0013] The apparatus may include a control unit for
controlling an operation rate of the dry-type water cooler
in accordance with an increase or decrease in the cost of
electric power or with the availability of a renewable
energy source.
[0014] According to the invention, there is provided an
air separation unit including a compressed gas cooling
apparatus according to any preceding claim, and means
for separating the air compressed in the compressor and
cooled by the apparatus. According to the invention,
there is provided a gas separation unit including a com-
pressed gas cooling apparatus according to any preced-
ing claim, andmeans for separating the gas compressed
in the compressor and cooled by the apparatus for ex-
ample by partial condensation and/or distillation.
[0015] According to the invention, there is provided a
process for cooling compressed gas wherein:

a) a gas containing water is compressed in a com-
pressor and cooled in a compressed gas cooler by
indirect heat exchange with cooling water, causing
water present in the gas to condense forming con-
densed water;
b) condensedwater is sent from thecompressedgas
cooler toawet typecooler viaafirst condensedwater
pipe and a first flow rate regulating valve provided in
the first condensed water line pipe to regulate a flow
rate of the condensed water,
c) cooling water warmed in the compressed gas
cooler is sent to be cooled in a dry-type cooler and
in the wet-type cooler, connected in parallel or in
series, the dry-type cooler being upstream of the
wet-type cooler if connected in series,
d) optionally air is sent to the wet-type cooler to cool
the cooling water and
e) cooled coolingwater is removed from thewet-type
cooler, pressurised in a pump and sent to a cold end
of the compressed gas cooler.

[0016] According to other optional features:

• cooled cooling water is removed from the dry-type
cooler, without passing through the wet-type cooler,
pressurised in a pump and sent to a cold end of the
compressed gas cooler.

• part of the warmed cooling water is sent from the
compressed gas cooler to the dry-type cooler and
part of the warmed cooling water is sent from the
compressed gas cooler to the wet-type cooler.

• all the warmed cooling water from the compressed
gas cooler is sent to be cooled first in the dry type
cooler and then in the wet-type cooler.

• the dry type cooler uses an air blower to cool the
warmed cooling water by indirect heat exchange.

• the wet type cooler cools the warmed cooling water

by direct heat exchange with air.
• if the cost of electric power is above a threshold, the

operating rate of the dry-typewater cooler is reduced
with respect to the operating rate if the cost of electric
power is below the threshold .

• if the cost of electric power is above a threshold, the
amount of condensed water sent to the wet-type
water cooler is increased with respect to the amount
if the cost of electric power is below the threshold

• if electric power is not available from a renewable
source or if the relative proportion of electric power
available from at least one renewable source is
below a threshold, the operating rate of the dry-type
water cooler is reduced with respect to the operating
rate if electric power is available from a renewable
source or if the relative proportion of electric power
available from at least one renewable source is
above the threshold

• if electric power is not available from a renewable
source or if the relative proportion of electric power
available from at least one renewable source is
below a threshold, the operating rate of the wet-type
water cooler is increased with respect to the operat-
ing rate if electric power is available from a renew-
able source or if the relative proportion of electric
power available from at least one renewable source
is above the threshold

• if electric power is not available from a renewable
source or if the relative proportion of electric power
available from at least one renewable source is
below a threshold, the amount of condensed water
from the compressed gas cooler sent to thewet-type
water cooler is increased with respect to the amount
sent if electric power is available from a renewable
source or if the relative proportion of electric power
available from at least one renewable source is
above the threshold.

[0017] A compressed gas cooling apparatus of the
present disclosure may comprise:

a) a compressed gas cooler for cooling compressed
gas compressed by a compressor that takes in a gas
being processed;
b) a wet-type water cooler into which condensed
water generated in the compressed gas cooler is
introduced as makeup water;
c) a cooling water pump for sending cooling water
discharged from the wet-type water cooler to a cold
end of the compressed gas cooler to cool the com-
pressed gas by means of the cooling water;
d) a dry-type water cooler for cooling the cooling
water discharged from a warm end of the com-
pressed gas cooler;
e) a first condensed water line pipe for sending
condensed water discharged from the compressed
gas cooler; and
f) a first flow rate regulating valve provided in the first
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condensed water line pipe to regulate a flow rate of
the condensed water.

[0018] Examples of the fluid being processed include
air, flue gas containing carbon dioxide, liquefied natural
gas (LNG), natural gas (NG), and boil-off gas.
[0019] Examples of the compressed gas include com-
pressed air, compressed natural gas, and compressed
boil-off gas.
[0020] A compressed air cooling apparatus of the pre-
sent disclosure may be provided with:

a) a compressed air cooler for cooling compressed
air compressed by an air compressor that takes in
atmospheric air;
b) a wet-type water cooler into which condensed
water generated in the compressed air cooler is
introduced as makeup water;
c) a cooling water pump for sending cooling water
discharged from the wet-type water cooler to a cold
end of the compressed air cooler to cool the com-
pressed gas by means of the cooling water;
d) adry-typewater cooler for coolingwarmwater (the
cooling water that has been subjected to heat ex-
change) discharged from a warm end of the com-
pressed air cooler;
e) a first condensed water line pipe for sending
condensed water discharged from the compressed
air cooler (to the wet-type water cooler); and
f) a first flow rate regulating valve provided in the first
condensed water line pipe to regulate a flow rate of
the condensed water.

[0021] The compressed gas cooling apparatus of the
present disclosure may be provided with:

a) a cooling water line pipe that sends the cooling
water discharged from the wet-type water cooler to
the cold end of the compressed air cooler, sends the
same from the warm end of the compressed air
cooler to the dry-type water cooler, and sends the
discharged cooling water to the wet-type water cool-
er.

[0022] The water cooling apparatus may be provided
with an atmospheric air line pipe that sends the atmo-
spheric air to the air compressor and sends the com-
pressed air from the air compressor to the compressed
air cooler.
[0023] The compressed air (saturated with water va-
pour) discharged from the compressed air cooler may be
fed to an air separation device.
[0024] The water cooling apparatus may be provided
with one or more of a storage portion of the compressed
air cooler or a buffer provided separately, a storage
portion of the wet-type water cooler or a buffer provided
separately, and a storage portion of a water buffer pro-
vided in a condensed water line pipe, for storing the

condensed water.
[0025] The water cooling apparatus may be provided
with:

• a second condensed water line pipe that sends
condensed water from the water buffer to the wet-
type water cooler; and

• a second flow rate regulating valve provided in the
second condensed water line pipe to regulate the
flow rate of the condensed water.

[0026] The water cooling apparatus may be provided
with:

• a first control unit that controls the first flow rate
regulating valve and/or the second flow rate regulat-
ing valve to control the amount of condensed water
supplied.

[0027] The water cooling apparatus may be provided
with:

• a first level gauge for measuring the amount of cool-
ing water in the cooling water storage portion of the
wet-type water cooler; and/or

• a second level gauge for measuring the amount of
water in the storage portion of the water buffer.

[0028] The first control unit may control driving of the
cooling water pump.
[0029] The water cooling apparatus may be provided
with a second control unit for controlling an operation rate
of the dry-type water cooler (for controlling a blower) in
accordance with an increase or decrease in the cost of
electric power.
[0030] The second control unit may control the second
flowrate regulatingvalveon thebasisof data from thefirst
level gauge and data from the second level gauge.
[0031] The second control unit may control driving of
the cooling water pump.
[0032] The air separation device of the present disclo-
sure may be provided with the water cooling apparatus.

Brief description of the drawings

[0033]

[Figure 1] is a drawing illustrating a water cooling
apparatus (series arrangement) according to embo-
diment 1.
[Figure 2] is a drawing illustrating a water cooling
apparatus according to embodiment 2.
[Figure 3] is a drawing illustrating a water cooling
apparatus according to embodiment 3.
[Figure 4] is a drawing illustrating a water cooling
apparatus (parallel arrangement) according to an-
other embodiment of embodiment 1.
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Modes for carrying out the invention

[0034] Several embodiments of the present invention
will be described below. The embodiments described
below are given as an example of the present disclosure.
The present disclosure is in no way limited by the follow-
ing embodiments, and also includes a number of variants
which are implemented within a scope that does not alter
the gist of the present disclosure. It should be noted that
not all the constituents described below are necessarily
essential to the present disclosure. Upstream and down-
stream are based on a flow direction of a gas stream.

Embodiment 1

[0035] A water cooling apparatus A1 according to em-
bodiment 1 will be described with reference to Figure 1.
[0036] The water cooling apparatus A1 comprises a
compressed air cooler 12, a wet-type water cooler 13, a
cooling water pump 14, and a dry-type water cooler 15.
[0037] The compressed air cooler 12 cools the com-
pressed air compressed by the air compressor 11 which
takes in atmospheric air containing water. The com-
pressed air cooler 12 is provided in a bottom portion with
a condensed water storage portion 12a for storing con-
densed water produced by the increase in pressure. The
compressed air compressed by the air compressor 11 is
cooled by the coolingwater until reaching a state of water
vapour saturation, and condensed water is generated.
The cooling water is sent from the storage portion 131 of
the wet-type water cooler 13 by means of the cooling
water pump 14. The compressed air cooler 12 causes
heat tobeexchanged indirectly between theatmospheric
air compressed by the air compressor 11 and the cooling
water to produce compressed air saturated with water
vapour. The water condensed by cooling condenses to
form dew on the surface of the heat exchanger and drips
down, or the condensed water in the form of mist or
droplets floating in the compressed air is separated by
a mist separator or the like and is stored in the com-
pressed air cooler 12.
[0038] The wet-type water cooler 13 includes the sto-
rage portion 131, and the condensed water generated in
the compressed air cooler 12 is introduced into the bot-
tom of the wet-type water cooler 13 as makeup water
through the first condensed water line pipe L2 where it
accumulates in the storage portion 131. The wet-type
water cooler 13 causes a portion of the cooling water to
evaporate, and cools the cooling water using the latent
heat of evaporation. In the present embodiment, the
water is caused to evaporate by being brought into con-
tact with atmospheric air (natural convection or forced
convection), but it is not necessary to release the eva-
porated water to the atmosphere, and evaporation may
be performed under reduced pressure conditions iso-
lated from the atmosphere, or the cooling water may
be indirectly cooledbymeansof aheat exchanger cooled
through the evaporation of the water.

[0039] The flow rate regulating valve 121 is provided in
thefirst condensedwater linepipeL2,and thecondensed
water can be sent from the compressed air cooler 12 to
the wet-type water cooler 13 by controlling the opening
and closing of the valve.
[0040] For example, the flow rate regulating valve 121
maybeopenedandclosedunder timer control, ormaybe
openedand closed on the basis of the level of condensed
water in the compressed air cooler 12, or may be con-
trolled by flow rate control employing a condensed water
flowmeter (not shown) disposed in the condensed water
line pipe L2.
[0041] The cooling water pump 14 is disposed in the
cooling water line pipe L3, and sends the cooling water
discharged from the storage portion 131 of the wet-type
water cooler 13 to the cold end of the compressed air
cooler 12 to cool the compressed air by means of the
cooling water.
[0042] The dry-type water cooler 15 cools the cooling
water discharged from the warm end of the compressed
air cooler 12. Cooling is performed by driving a blower
motor M. The dry-type water cooler 15 cools the cooling
water by means of indirect heat exchange with air sent
from a blower.
[0043] The atmospheric air line pipe L1 is a pipe that
sends atmospheric air to the air compressor 11 and
sends compressed air from the air compressor 11 to
the compressed air cooler 12.
[0044] The first condensed water line pipe L2 is a pipe
that sends condensedwater from the storageportion 12a
of the compressed air cooler 12 to the top of the wet-type
water cooler 13.
[0045] The cooling water line pipe L3 sends cooling
water from the storage portion 131 of the wet-type water
cooler 13 to the cold end of the compressed air cooler 12.
Further, the coolingwater line pipe L3 is a pipe that sends
cooling water from the hot end of the compressed air
cooler 12 to the dry-type water cooler 15 and sends the
cooled cooling water to the wet-type water cooler 13.
[0046] Compressed air has a wide range of industrial
uses, and when embodiment 1 is employed, water va-
pour derived from theatmosphere is condensed toobtain
condensed water when the compressed air is cooled.
Supplying the condensed water to the wet-type water
cooler 13 allows some cooling water evaporation loss to
be covered, or allows an increase in the load of the wet-
type water cooler 13 so as to limit the cooling load of the
dry-type water cooler 15, thereby making it possible to
reduce the power consumption required by the blower
used in the dry-type water cooler 15.
[0047] Since the compressed air cooler 12 can be
operated at a pressure higher than that of the cooling
water linepipeL3, disposing theflowrate regulatingvalve
121 in the first condensed water line pipe L2 makes it
possible to perform control so as to minimize energy
losses resulting from reduced pressure when the con-
densed water is discharged from the compressed air
cooler 12.
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Other embodiments

[0048] The wet-type water cooler 13 and the dry-type
water cooler 15 are arranged in series in Figures 1 to 3,
butmaybearranged in parallel. A parallel arrangement is
illustrated inFigure4.Thecoolingwater linepipeL3hasa
branch pipe L31 that branches offmidway along from the
warmendof the compressedair cooler 12 toward thedry-
type water cooler 15. The branch pipe L31 is a pipe that
sends water from the warm end of the compressed air
cooler 12 to the top of the wet-type water cooler 13.
Further, the cooling water cooled by the dry-type water
cooler merges with the cooling water line pipe L3 up-
stream of the cooling water pump 14.

Embodiment 2

[0049] A water cooling apparatus A2 according to em-
bodiment 2 will be described with reference to Figure 2.
[0050] The water cooling apparatus A2 comprises a
compressed air cooler 12, a wet-type water cooler 13, a
cooling water pump 14, a dry-type water cooler 15, a
water buffer 16, and a first control unit 18. A description of
components that are the same as those in embodiment 1
will be omitted.
[0051] Since access of the cooling water apparatus A2
to utilities suchas electric power orwater resources is not
necessarily constant, it is preferable to have a buffer to
operate the apparatus stably under any circumstances.
[0052] The water buffer 16 can store both water sup-
plied from outside the apparatus (industrial water, etc.)
and condensed water from the cooler 12. Since the
condensed water may contain atmospheric components
as impurities, the condensedwatermay be purified using
a purification device or the like, either alone or together
with the supplied water. The purification device may be
disposed between the water buffer 16 and the wet-type
water cooler 13.
[0053] Since the condensed water is derived from
atmospheric air, the amount thereof that can be collected
is not necessarily stable, and therefore providing the
water buffer 16 enables stable management of the con-
densed water.
[0054] The water buffer 16 has a storage portion 161.
The water buffer 16 can be supplied with service water.
Further, a first condensedwater line pipe L2 is connected
from the storage portion 12aof the compressed air cooler
12 to the storage portion 161, and sends the condensed
water.
[0055] A second condensed water line pipe L21 is a
pipe that sends condensed water (makeup water) from
the storage portion 161 of the water buffer 16 to the
storage portion 131 of the wet-type water cooler 13.
[0056] A second flow rate regulating valve 122 is pro-
vided in the second condensed water line pipe L21. The
second flow rate regulating valve 122 regulates the flow
rateof the condensedwater (makeupwater). Thesecond
flow rate regulating valve 122may be opened and closed

under timer control, or may be opened and closed on the
basis of the level of condensed in the storage portion 161
of thewater buffer 16 and/or the liquid level in the storage
portion 131 of the wet-type water cooler 13, or may be
controlled by flow rate control employing a condensed
water flowmeter disposed in the second condensed
water line pipe L21.
[0057] A first level gauge 22 measures the amount of
cooling water in the storage portion 131 of the wet-type
water cooler 13. A second level gauge 21 measures the
amount of water in the storage portion 161 of the water
buffer 16.
[0058] Thefirst control unit 18controls the first flow rate
regulating valve 121 and the second flow rate regulating
valve122on thebasis of data from thefirst level gauge22
and the second level gauge 21, to control the amount of
condensed water (makeup water) supplied.
[0059] Thefirst control unit 18maycontrol drivingof the
cooling water pump 14.

Embodiment 3

[0060] A water cooling apparatus A3 according to em-
bodiment 3 will be described with reference to Figure 3.
[0061] The water cooling apparatus A3 comprises a
compressed air cooler 12, a wet-type water cooler 13, a
cooling water pump 14, a dry-type water cooler 15, a
water buffer 16, a first control unit 18, and a second
control unit 19. A description of components that are
the same as those in embodiments 1 and 2 will be
omitted.
[0062] The second control unit 19 controls the opera-
tion rate of the dry-type water cooler 15, and more spe-
cifically controls a blower, in accordancewith an increase
or decrease in the cost of electric power. Data relating to
the cost of electric power are sent fromanexternal device
that stores fluctuations in the cost of electric power.
[0063] When the cost of electric power is high, the
operating rate of the dry-type water cooler 15 is reduced.
Inaddition,when thecost of electricpower ishigh, thefirst
control unit 18 introduces condensed water from the
water buffer 16 into thewet-typewater cooler 13 to adjust
the operating rate thereof.
[0064] Furthermore, in cases in which the power sup-
ply capacity can change depending on the environment,
such as solar power generation or wind power genera-
tion, it is necessary to adjust the respective loads of the
dry-type water cooler 15 and the wet-type water cooler
13.
[0065] For example, control is performed such that the
dry-type water cooler 15 is mainly operated using inex-
pensive electric power during the day when solar power
generation is possible, and the wet-type water cooler 13
load is increased at night as the unit price of electric
power rises.
[0066] At this time, during the day, the condensed
water obtained from the compressed air cooler 12 is
stored in the water buffer 16, and during the night, the
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water demand of the wet-type water cooler 13 is met
using the water stored in the water buffer 16. In other
words, by using the condensedwater under conditions in
which the condensedwater ismost valuable in relation to
the price of electric power, the economic efficiency of the
coolingwater apparatus canbe improved. In addition, the
apparatus allows renewable energy to be used when
available and reduces the demand for electricity at peak
periods, thus contributing to a reduction of the risk of
overload.
[0067] Economic data such as the unit price of elec-
tricity are used to determine the operation method of the
coolingwater apparatusA3, that is, load sharingbetween
the dry-type water cooler 15 (which mainly consumes
electric power) and the wet-type water cooler 13 (which
mainly consumeswater).When the cost of electric power
is determined to be low, the dry-type water cooler 15 is
mainly operated and the condensedwater is stored in the
water buffer 16, and when the cost of electric power is
determined to be high, the dry-type water cooler 15 load
is reduced and wet-type water cooler 13 load is in-
creased.
[0068] The wet-type water cooler 13 load can be de-
tected from the loss of water due to evaporation, speci-
fically, froma drop in thewater level in the storage portion
131 of the wet-type water cooler 13, and thereforemake-
up water (condensed water or a mixture of condensed
water and servicewater) is supplied from thewater buffer
16 such that the water level remains within a control
value.
[0069] The amount of water (water level) in the water
buffer 16 may be taken into consideration when deter-
mining whether to adjust the dry-type water cooler 15
load, and by so doing, even when the water level in the
water buffer 16 drops, the apparatus can be operated
such that the cooling water temperature is stable, by
increasing the dry water cooler 15 load.

Example

[0070] The results of a physical simulation of embodi-
ment 3 are presented.
[0071] A case is considered in which 100,000Nm3/h of
air with inlet conditions of a temperature of 35°C, a
relative humidity of 80%, and 1 barA is compressed
and cooled using an air compressor with four compres-
sion stages to obtain compressed air with outlet condi-
tions of a temperature of 42°C, a relative humidity of
100%, and 10 barA.
[0072] Under the inlet conditions, water contained in
theair is 3786 kg/h, but under the outlet conditions, the air
is saturated and only 684 kg/h of water exists as water
vapour, so the difference of 3102 kg/h can be recovered
as condensed water.
[0073] Since the latent heat of vaporization of water is
575 cal/g at 40°C, if the cooling water temperature is
40°C, the cooling water can be cooled by an amount
equivalent to the latent heat of vaporization of 1783

Mcal/h with 3102 kg/h of condensed water. The motive
power required for a dry-type water cooler may vary
depending on a difference between the atmospheric
temperature and the cooling water temperature, but gen-
erally the smaller the temperature difference, the more
airflow is required, and for example, when atmospheric
air at 35°C is being blown to obtain coolingwater at 40°C,
0.052 kW of electric power are consumed.
[0074] If theabovementionedcondensedwater isused
for water cooling, 1783 Mcal/h x 0.052 kWh/Mcal=93 kW
of electric power can be saved.
[0075] We will consider optimization of water cooling
with a heat load of 7,400 Mcal/h (corresponding to the
cooling demand of the air compressor mentioned above)
using a dry-typewater cooler and awet-typewater cooler
that employs condensed water, for a case in which the
cost of electric power differs between day and night.
[0076] Assume that the daytime period is 12 hours and
the cost of electric power is 20 yen/kWH, and the night-
timeperiod is 12 hours and the cost of electric power is 60
yen/kWH.
[0077] If the condensed water is used continuously in
the wet-type cooler regardless of day or night, the dry-
type water cooler load is reduced by 93 kW, and 292 kW
(= 7400 Mcal/h x 0.052 kWh/Mcal‑93 kW) of electric
power is used.
[0078] In this case, the cost of electric power per day is
20yen/kWhx292kWx12h+60yen/kWhx292kWx12h
= 280,320 yen.
[0079] Meanwhile, if only the dry-type water cooler
operates during the day and the condensed water is
stored, and both the supplied condensed water and
the stored condensed water are used at night, the dry-
type water cooler load is such that 385 kW of electric
power is used during the day, while 199 kW (= 385 kW -
186 kW) of electric power is used at night.
[0080] In this case, the cost of electric power per day is
20yen/kWhx385kWx12h+60yen/kWhx199kWx12h
= 235,680 yen.
[0081] In other words, this means that by using the
condensed water intensively at night when the cost of
electric power is high, it is expected that the cost of
electric power can be reduced by approximately 16%
per day.
[0082] In the present embodiment, the intention is to
reduce the electric power and water supply loads re-
quired for water cooling by utilizing the condensed water
obtained asa result of the compression and cooling of air,
but, by adjusting the timing of use of the condensedwater
in accordancewith the power supply capacity that can be
generated by utilising renewable energy, and actively
utilising the condensed water in particular when power
shortages are likely to occur, to reduce power consump-
tion associated with water cooling, the cost of electric
power (which implicitly includes the installation costs of a
generator and a storage battery enabling stable power
generation) can be reduced.
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Other embodiments

[0083]

(1) The compressed air generated in embodiments 1
to 4 may be provided to an air separation apparatus,
following a step to remove remaining water and
carbon dioxide and cooling.
(2) Embodiments 1 to 4 are not limited to com-
pressed air, and may be applied to compressed
gases such as flue gas, LNG or boil-off gas from
an LNG storage tank.

Claims

1. Compressed gas cooling apparatus (A1, A2, A3)
comprising: a compressor (11) for compressing a
gas containing water, a compressed gas cooler
(12) for cooling compressed gas compressed by
the compressor (11) by indirect heat exchange with
cooling water;

• a wet-type cooler (13),
• a first condensed water pipe (L2) connected to
the compressed gas cooler for sending con-
densed water generated in the compressed
gas cooler into the wet-type cooler as makeup
water;
• a first flow rate regulating valve (121) provided
in the first condensed water line pipe to regulate
a flow rate of the condensed water.
• a cooling water pump (14) connected to send
cooling water discharged from the wet-type
water cooler to a cold end of the compressed
gas cooler to cool the compressed gas by
means of the cooling water;
• a dry-type water cooler (15) connected to a
warm end of the compressed gas cooler for
cooling cooling water discharged from thewarm
end of the compressed gas cooler;
and
• means for sending water warmed in the com-
pressed gas cooler to the wet-type cooler to be
cooled by direct heat exchange with air in the
wet-type cooler.

2. Apparatus according to Claim 1, wherein the means
for sending water warmed in the compressed gas
cooler (12) to thewet-type cooler (13) to be cooledby
direct heat exchange with air in the wet-type cooler
include the dry-type cooler (15) which is connected
to the wet-type cooler to send water warmed in the
dry-type cooler thereto.

3. Apparatus according to Claim 1 wherein the means
for sending water warmed in the compressed gas
cooler (12) to thewet-type cooler (13) to be cooledby

direct heat exchange with air in the wet-type cooler
without passing through the dry-type cooler (15), the
dry-type being connected to the cooling water pump
for sending water to the pump without having been
cooled in the wet-type cooler.

4. Apparatus according to Claim 1, 2 or 3 including a
water buffer (16) for storing the condensed water.

5. Apparatus according to Claim 4, including a second
condensed water line pipe (L21) that sends con-
densed water from the water buffer (16) to the wet-
type water cooler (13); and a second flow rate reg-
ulating valve (122) provided in the second con-
densed water line pipe to regulate the flow rate of
the condensed water.

6. Apparatus according to any preceding claim , includ-
ing a first control unit that controls the first flow rate
regulating valve (121) to control the amount of con-
densed water supplied to the wet-type cooler (13).

7. Apparatus according to Claim 4, including a first
control unit (18) that controls the second flow rate
regulating valve (122) to control the amount of con-
densed water supplied to the wet-type cooler (13).

8. Apparatus according to any preceding including a
control unit (19) for controlling an operation rate of
the dry-type water cooler (15) in accordance with an
increase or decrease in the cost of electric power or
with the availability of a renewable energy source.

9. Air separation unit including a compressed gas cool-
ing apparatus (A1, A2,A3) according to any preced-
ing claim, and means for separating the air com-
pressed in the compressor and cooled by the appa-
ratus.

10. Process for cooling compressed gas wherein:

a) a gas containing water is compressed in a
compressor and cooled in a compressed gas
cooler (12) by indirect heat exchange with cool-
ing water, causing water present in the gas to
condense forming condensed water;
b) condensed water is sent from the com-
pressed gas cooler to a wet type cooler (13)
via a first condensed water pipe (L2) and a first
flow rate regulating valve (121) provided in the
first condensedwater line pipe to regulate a flow
rate of the condensed water,
c) cooling water warmed in the compressed gas
cooler is sent to be cooled in a dry-type cooler
(15) and in the wet-type cooler, connected in
parallel or in series, the dry-type cooler being
upstream of the wet-type cooler if connected in
series,
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d) optionally air is sent to the wet-type cooler to
cool the cooling water
e) cooled coolingwater is removed from thewet-
type cooler, pressurised in a pump (14) and sent
to a cold end of the compressed gas cooler.

11. Process according to Claim 10 wherein cooled cool-
ing water is removed from the dry-type cooler (15),
without passing through the wet-type cooler, pres-
surised in a pump (14) and sent to a cold end of the
compressed gas cooler (12).

12. Process according to Claim 10 or 11 wherein part of
the warmed cooling water is sent from the com-
pressed gas cooler (12) to the dry-type cooler (15)
and part of thewarmed coolingwater is sent from the
compressed gas cooler to the wet-type cooler (13).

13. Process according to Claim 10 wherein all the
warmed cooling water from the compressed gas
cooler (12) is sent to be cooled first in the dry type
cooler (15) and then in the wet-type cooler (13).

14. Process according to any of claims 10 to 13 wherein
the dry type cooler (15) uses an air blower to cool the
warmed cooling water by indirect heat exchange.

15. Process according to any of claims 10 to 14 wherein
the wet type cooler (13) cools the warmed cooling
water by direct heat exchange with air.

5

10

15

20

25

30

35

40

45

50

55



10

EP 4 567 359 A2



11

EP 4 567 359 A2



12

EP 4 567 359 A2



13

EP 4 567 359 A2



14

EP 4 567 359 A2

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP S51056644 B [0002]
• US 20210341222 A1 [0002]

• JP 2004232925 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	cited references

