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(54) POWER GENERATOR COOLING SYSTEM

(57) A cooling system (10) of a power generation sys-
tem includes a generator cooling circuit having a first
cooling fluid circulating therethrough. The generator
cooling circuit (32) includes a generator heat exchanger
(22) fluidly connected to a generator of the power gen-
eration system via the generator cooling circuit to cool
the generator. A power converter cooling circuit (38) has

a second cooling fluid different from the first cooling fluid
circulating therethrough. The power converter cooling
circuit includes a power converter heat exchanger (24)
fluidly connected to a power converter of the power gen-
eration system via the power converter cooling circuit to
cool the power converter.
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Description

BACKGROUND

[0001] Exemplary embodiments pertain to the art of
power generation systems, and in particular those used
in electric propulsion systems for, for example, aircraft.
[0002] Electric propulsion systems and other electrical
systems for aircraft applications often require power con-
version electronics integrated with electrical generators.
This integration of power conversion electronics to the
generator offers low volume and weight of the system.
Cooling of such integrated system is typically done with
coolant at a temperature which is desirable for generator
cooling, in the range of for example 80 degrees Celsius
to 105 degrees Celsius. Such high coolant temperature
is, however, undesirable for power electronics cooling.

BRIEF DESCRIPTION

[0003] In one embodiment, a cooling system of a power
generation system includes a generator cooling circuit
having a first cooling fluid circulating therethrough. The
generator cooling circuit includes a generator heat ex-
changer fluidly connected to a generator of the power
generation system via the generator cooling circuit to cool
the generator. A power converter cooling circuit has a
second cooling fluid different from the first cooling fluid
circulating therethrough. The power converter cooling
circuit includes a power converter heat exchanger fluidly
connected to a power converter of the power generation
system via the power converter cooling circuit to cool the
power converter.
[0004] Additionally or alternatively, in this or other em-
bodiments the generator heat exchanger and the power
converter heat exchanger are located in a common duct.
[0005] Additionally or alternatively, in this or other em-
bodiments the power converter heat exchanger is posi-
tioned fluidly upstream of the generator heat exchanger
relative to an airflow directed through the duct to remove
thermal energy from the power converter heat exchanger
and the generator heat exchanger.
[0006] Additionally or alternatively, in this or other em-
bodiments the duct is configured such that the airflow
directed through the duct first flows through the power
converter heat exchanger and then through the generator
heat exchanger.
[0007] Additionally or alternatively, in this or other em-
bodiments a RAM air door is positioned in the duct to
selectably direct a RAM airflow through the duct.
[0008] Additionally or alternatively, in this or other em-
bodiments a fan is positioned in the duct to selectably
direct the airflow from the fan through the duct.
[0009] Additionally or alternatively, in this or other em-
bodiments one or more of the generator heat exchanger
and the power converter heat exchanger are plate and
fin heat exchangers.
[0010] Additionally or alternatively, in this or other em-

bodiments the first cooling fluid is an oil.
[0011] Additionally or alternatively, in this or other em-
bodiments the second cooling fluid is a refrigerant, or
water glycol mixture.
[0012] Additionally or alternatively, in this or other em-
bodiments the first cooling fluid is delivered to the gen-
erator at a first temperature, and the second cooling fluid
is delivered to the power converter at a second temper-
ature lower than the first temperature.
[0013] In another embodiment, a power generation
system of an aircraft includes an electrical generator and
a power converter operably connected to the electrical
generator. The power generation system includes a cool-
ing system including a generator cooling circuit having a
first cooling fluid circulating therethrough. The generator
cooling circuit includes a generator heat exchanger fluidly
connected to the electrical via the generator cooling cir-
cuit to cool the electrical generator. A power converter
cooling circuit has a second cooling fluid different from
the first cooling fluid circulating therethrough. The power
converter cooling circuit includes a power converter heat
exchanger fluidly connected to the power converter via
the power converter cooling circuit to cool the power con-
verter.
[0014] Additionally or alternatively, in this or other em-
bodiments the generator heat exchanger and the power
converter heat exchanger are positioned in a common
duct.
[0015] Additionally or alternatively, in this or other em-
bodiments the power converter heat exchanger is posi-
tioned fluidly upstream of the generator heat exchanger
relative to an airflow directed through the duct to remove
thermal energy from the power converter heat exchanger
and the generator heat exchanger.
[0016] Additionally or alternatively, in this or other em-
bodiments the duct is configured such that the airflow
directed through the duct first flows through the power
converter heat exchanger and then through the generator
heat exchanger.
[0017] Additionally or alternatively, in this or other em-
bodiments a RAM air door is positioned in the duct to
selectably direct a RAM airflow through the duct.
[0018] Additionally or alternatively, in this or other em-
bodiments a fan is positioned in the duct to selectably
direct the airflow from the fan through the duct.
[0019] Additionally or alternatively, in this or other em-
bodiments one or more of the generator heat exchanger
and the power converter heat exchanger are plate and
fin heat exchangers.
[0020] Additionally or alternatively, in this or other em-
bodiments the first cooling fluid is an oil.
[0021] Additionally or alternatively, in this or other em-
bodiments the second cooling fluid is a refrigerant or wa-
ter glycol mixture.
[0022] Additionally or alternatively, in this or other em-
bodiments the first cooling fluid is delivered to the elec-
trical generator at a first temperature, and the second
cooling fluid is delivered to the power converter at a sec-
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ond temperature lower than the first temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a schematic illustration of an embodiment
of a cooling system for a power generation system;

FIG. 2 is a partial cross-sectional view of an embod-
iment of a cooling system;

FIG. 3 is a partial cross-sectional view of an embod-
iment of a cooling system operated in a first mode;

FIG. 4 is a partial cross-sectional view of an embod-
iment of a cooling system operated in a second
mode; and

FIG. 5 is a partial view of an embodiment of a heat
exchanger of a cooling system.

DETAILED DESCRIPTION

[0024] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0025] Referring now to FIG. 1, an embodiment of a
cooling system 10 for a combined power generation and
power conversion apparatus 12 is illustrated. The appa-
ratus 12 includes a generator 14, for example a perma-
nent magnet generator. The generator 14 generates
electrical energy from, for example rotational energy im-
parted on the generator 14 by, for example, a turbine 16
or other power source. A power converter 18, such as
an active rectifier in one embodiment, which converts the
electrical energy from the generator 14 into electrical
power useful to one or more systems of the aircraft. The
power converter 18 is connected to the generator 14, and
in some embodiments is included in a common housing
20 with the generator 14 to define an integrated combined
power generation and power conversion apparatus 12.
[0026] As shown in FIG. 1, the cooling system 10 is
fluidly connected to the generator 14 and the power con-
verter 18 to cool the generator 14 and the power con-
verter 18. The cooling system 10 includes a generator
heat exchanger 22 and a power converter heat exchang-
er 24 serially arranged such that an airflow 26 is directed
first through the power converter heat exchanger 24 and
then through the generator heat exchanger 22. In some
embodiments, such as shown in FIG. 2, the power con-
verter heat exchanger 24 and the generator heat ex-
changer 22 are arranged in a common duct 28 and a fan
30 urges the airflow 26 across the power converter heat
exchanger 24 and the generator heat exchanger 22. Re-

ferring again to FIG. 1, a generator cooling circuit 32 is
defined between the generator heat exchanger 22 and
the generator 14, circulating a flow of generator coolant
34, such as oil, therethrough. The flow of generator cool-
ant 34 is circulated through the generator cooling circuit
32 via a generator cooling pump 36. The flow of generator
coolant 34 is directed toward the generator 14 and ab-
sorbs thermal energy from the generator 14. The flow of
generator coolant 34 is then directed through the gener-
ator heat exchanger 22 where the thermal energy is re-
jected via the airflow 26. In some embodiments, the gen-
erator coolant 34 enters the generator 14 at an inlet tem-
perature in the range of 85 to 95 degrees Celsius, and
leaves the generator 14 at an exit temperature in the
range of 100 to 115 degrees Celsius.
[0027] A power converter cooling circuit 38 is defined
between the power converter heat exchanger 24 and the
power converter 18, circulating a flow of power converter
coolant 40, such as refrigerant, or a water based glycol
coolant, therethrough. The flow of power converter cool-
ant 40 is circulated through the power converter cooling
circuit 38 via a power converter cooling pump 42. The
flow of power converter coolant 40 is directed toward the
power converter 18 and absorbs thermal energy from the
power converter 18. The flow of power converter coolant
40 is then directed through the power converter heat ex-
changer 24 where the thermal energy is rejected via the
airflow 26. In some embodiments, the power converter
coolant 40 enters the power converter 18 at an inlet tem-
perature in the range of 65 to 75 degrees Celsius, and
leaves the power converter 18 at an exit temperature in
the range of 80 to 90 degrees Celsius.
[0028] Referring now to FIG. 2, the cooling system 10
is further illustrated. The power converter heat exchanger
24 and the generator heat exchanger 22 are located in
the duct 28, with the fan 30 located at an upstream end
of the duct 28, relative to the direction of the airflow 26
along the duct 28. The power converter heat exchanger
24 is located upstream of the generator heat exchanger
22, due to the greater cooling requirements of the power
converter heat exchanger 24. The power converter cool-
ant 40 enters the power converter heat exchanger 24 at
a power converter heat exchanger inlet 46 and exits the
power converter heat exchanger 24 at a power converter
heat exchanger outlet 48. Similarly, the generator coolant
34 enters the generator heat exchanger 22 at a generator
heat exchanger inlet 50 and exits the generator heat ex-
changer 22 at a generator heat exchanger outlet 52.
Cooling fan 30 can be placed either upstream or down-
stream of the heat exchangers.
[0029] Referring now to FIG. 3, in some embodiments,
the cooling system 10 may be operated in multiple
modes. The cooling system 10 includes a fan door 54
located at, for example, a fan outlet 56 of the fan 30, and
a RAM air door 58 located in the duct 28 between the
fan 30 and the power converter heat exchanger 24. In a
first mode, as illustrated in FIG. 3, the RAM air door 58
is in the closed position, and the fan door 54 is in the
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opened position. In this mode, the fan 30 is operated to
urge airflow 26 across the power converter heat exchang-
er 24 and the generator heat exchanger 22. This mode
may be used when, for example, the aircraft is stationary
on the ground.
[0030] In another mode, as illustrated in FIG. 4, the fan
door 54 is in the closed position and the RAM air door
58 is in the opened position. In this mode, RAM airflow
26 is urged into the duct 44 through the RAM air door 58,
and through the power converter heat exchanger 24 and
the generator heat exchanger 22. This mode is used
when, for example, the aircraft is in flight or otherwise
when sufficient RAM airflow is present.
[0031] Referring to FIG. 5, in some embodiments the
heat exchangers 22, 24 are plate and fin heat exchang-
ers. This configuration includes an alternating stack of
liquid flow layers 60 and air flow layers 62 separated by
parting sheets 64. Each of the liquid flow layers 60 in-
cludes a plurality of liquid side fins 66 extending in a liquid
flow direction 68 along the liquid flow layer 60. Similarly,
the air flow layers 62 each include a plurality of air side
fins 70 extending in the air flow direction 72 along the air
flow layer 62. In an exemplary power converter heat ex-
changer 24, 12 liquid flow layers 60 are stacked with 12
air flow layers 62. Each of the liquid flow layers 60 have
a fin pitch of 24 fins per inch, while the air flow layers 62
each have a fin pitch of 16 fins per inch. In an exemplary
generator heat exchanger 22, 6 liquid flow layers 60 are
stacked with 12 air flow layers 62. Each of the liquid flow
layers 60 have a fin pitch of 24 fins per inch, while the air
flow layers 62 each have a fin pitch of 16 fins per inch.
Generally, due at least in part to the greater cooling re-
quirements of the power converter 18 relative to the gen-
erator 14, the power converter heat exchanger 24 is larg-
er and has thus greater airflow 26 therethrough, relative
to the generator heat exchanger 22.
[0032] The configurations disclosed herein allows for
improved cooling of the power converter 18, thus improv-
ing reliability of the power converter 18. Integration of the
power converter heat exchanger 24 and the generator
heat exchanger 22, which are each optimized to cool the
power converter 18 and the generator, 14, respectively,
allows for improved performance of the cooling system
10 and further providing a potential weight savings from
the cooling system 10.
[0033] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application.
[0034] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or

components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0035] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.

Claims

1. A cooling system (10) of a power generation system,
comprising:

a generator cooling circuit (32) having a first
cooling fluid circulating therethrough, the gen-
erator cooling circuit including a generator heat
exchanger (22) fluidly connected to a generator
of the power generation system via the genera-
tor cooling circuit to cool the generator; and
a power converter cooling circuit (38) having a
second cooling fluid different from the first cool-
ing fluid circulating therethrough, the power con-
verter cooling circuit including a power converter
heat exchanger (24) fluidly connected to a power
converter of the power generation system via
the power converter cooling circuit to cool the
power converter.

2. The cooling system of claim 1, further comprising a
common duct (28) in which the generator heat ex-
changer (22) and the power converter heat exchang-
er (24) are disposed.

3. The cooling system of claim 2, wherein the power
converter heat exchanger (24) is positioned fluidly
upstream of the generator heat exchanger (22) rel-
ative to an airflow directed through the duct (28) to
remove thermal energy from the power converter
heat exchanger and the generator heat exchanger.

4. The cooling system of claim 2 or 3, wherein the duct
(28) is configured such that the airflow directed
through the duct first flows through the power con-
verter heat exchanger (24) and then through the gen-
erator heat exchanger (22).

5. The cooling system of any of claims 2 to 4, further
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comprising a RAM air door (58) positioned in the duct
(28) to selectably direct a RAM airflow through the
duct.

6. The cooling system of any of claims 2 to 5, further
comprising a fan (30) positioned in the duct (28) to
selectably direct the airflow from the fan through the
duct.

7. The cooling system of any preceding claim, wherein
one or more of the generator heat exchanger (24)
and the power converter heat exchanger (22) are
plate and fin heat exchangers.

8. The cooling system of any preceding claim, wherein
the first cooling fluid is an oil.

9. The cooling system of any preceding claim, wherein
the second cooling fluid is a refrigerant, or water gly-
col mixture.

10. The cooling system of any preceding claim, wherein
the first cooling fluid is delivered to the generator at
a first temperature, and the second cooling fluid is
delivered to the power converter at a second tem-
perature lower than the first temperature.

11. A power generation system of an aircraft, compris-
ing:

an electrical generator (14);
a power converter (18) operably connected to
the electrical generator; and
a cooling system (10) as claimed in any preced-
ing claim, wherein

the generator heat exchanger (22) is fluidly
connected to the electrical generator via the
generator cooling circuit to cool the electri-
cal generator; and
the power converter heat exchanger (24) is
fluidly connected to the power converter via
the power converter cooling circuit to cool
the power converter.
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