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(57) Abstract: A turbine engine system includes a heat
source, a heat exchanger, a cooling medium inlet and a cool-
ing medium outlet. The heat source includes a first passage.
The heat exchanger includes a second passage and a third
passage. The first and the second passages are configured in
a closed loop circuit. The third passage is configured
between the inlet and the outlet in an open loop circuit.
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TURBINE ENGINE COOLING SYSTEM WITH AN OPEN LOOP CIRCUIT

Applicant hereby claims priority to U.S. Patent Application No. 13/679,670 filed

November 16, 2012, the disclosure of which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] This disclosure relates generally to a turbine engine and, more particularly, to a
system for cooling a source within a turbine engine.

2. Background Information

[0002] A typical geared turbofan engine includes a gear train that connects a fan rotor to
a low speed shaft. The gear train may generate a significant quantity of heat energy as a
byproduct of turbine engine operation, particularly as the gear train beings to wear. This heat
energy may be removed from the gear train and the engine utilizing a cooling system. Such a
cooling system may include a heat exchanger that is configured in a closed loop circuit with a
passage extending through the gear train. The heat exchanger may be arranged within the bypass
duct of the engine.

[0003] To cool the gear train, at least a portion of the heat energy from the gear train is
transferred into a cooling medium such as lubrication oil flowing through the passage. The heat
exchanger subsequently transfers at least a portion of the heat energy from the cooling medium
into air flowing through the bypass duct. However, at relatively low altitudes and/or in certain
environments, the air within the bypass duct may be relatively warm. The effectiveness of the
cooling system therefore may be reduced when an aircraft is at such low altitudes for an
extended period of time; e.g., while waiting on a runway or in a holding pattern in a relatively
warm environment.

[0004] There is a need in the art for an improved cooling system for a turbine engine.

SUMMARY OF THE DISCLOSURE
[0005] According to an aspect of the invention, a turbine engine system is provided that
includes a turbine engine heat source, a heat exchanger, a cooling medium inlet and a cooling

medium outlet. The heat source includes a first passage. The heat exchanger includes a second
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passage and a third passage. The first and the second passages are configured in a closed loop
circuit. The third passage is configured between the cooling medium inlet and outlet in an open
loop circuit.

[0006] According to another aspect of the invention, a turbine engine system is provided
that includes a gear train that connects a rotor to a shaft, and a plurality of heat exchange
systems. A first of the heat exchange systems transfers heat energy from the gear train to a
second of the heat exchange systems. The first heat exchange system is configured in a closed
loop circuit, and the second heat exchange system is configured in an open loop circuit.

[0007] The turbine engine system may include a case and a heat exchanger. The case
houses the gear train, and includes a first passage. The heat exchanger includes a second passage
and a third passage. The first heat exchange system includes the first and the second passages,
and the second heat exchange system includes the third passage.

[0008] The turbine engine system may include a rotor and a shaft. The heat source may
include a gear train that connects the rotor to the shaft. The rotor may be a fan rotor or a
compressor rotor. The shaft may be a low speed shaft.

[0009] The heat source may include a gear train. Alternatively or in addition, the heat
source may include a bearing assembly, a seal assembly and/or any other device that generates
heat energy as, for example, a byproduct of turbine engine operation.

[0010] The turbine engine system may include a cooling medium reservoir that is fluidly
coupled to the cooling medium inlet and configured in the open loop circuit.

[0011] The turbine engine system may include a flow regulator that is fluidly coupled
between the cooling medium inlet and the third passage.

[0012] The turbine engine system may include a flow regulator that is fluidly coupled
between the third passage and the cooling medium outlet.

[0013] The turbine engine system may include a flow regulator that is fluidly coupled
between the first and the second passages.

[0014] The turbine engine system may include a second heat exchanger with a fourth
passage. The first passage may be fluidly coupled between an outlet of the second passage and
an inlet of the fourth passage. The heat source may include a fifth passage that is fluidly coupled
between an outlet of the fourth passage and an inlet of the second passage. The second heat

exchanger may be or include a radiator.
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[0015] The turbine engine system may include a second heat exchanger that includes a
fourth passage. The fourth passage is configured with a fifth passage in a second closed loop
circuit. The fifth passage may be included in the heat source. The second heat exchanger may
be or include a radiator.

[0016] The turbine engine system may include a second heat exchanger with a fourth
passage and a fifth passage. The fourth passage may be fluidly coupled between an outlet of the
second passage and an inlet of the first passage. The fifth passage may be fluidly coupled
between an outlet of the first passage and an inlet of the second passage.

[0017] The turbine engine system may include a cooling medium reservoir that is fluidly
coupled between the fifth passage and the second passage and/or the fourth passage.

[0018] The turbine engine system may include a flow regulator fluidly coupled between
the cooling medium reservoir and the fourth passage. The flow regulator may be configured

parallel with respect to the second passage within the closed loop circuit.

[0019] The cooling medium reservoir may be or include a fuel tank or an oil (e.g.,
lubrication oil) tank.
[0020] At least portions of the second and the third passages may be arranged in a

counter flow configuration.

[0021] At least portions of the second and the third passages may be arranged in a cross
flow configuration.

[0022] At least portions of the second and the third passages may be arranged in a
parallel flow configuration.

[0023] The turbine engine system may include a cooling medium reservoir that is
configured in the open loop circuit. This cooling medium reservoir may be or include a water
tank.

[0024] The turbine engine system may include a cooling medium reservoir that is
configured in the closed loop circuit. This cooling medium reservoir may be or include a fuel
tank or an oil (e.g., lubrication oil) tank.

[0025] The foregoing features and the operation of the invention will become more

apparent in light of the following description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0026] FIG. 1 is a schematic illustration of a cooling system for removing heat energy
from a turbine engine heat source;

[0027] FIG. 2 is a schematic illustration of a turbine engine system that includes an
alternative embodiment cooling system for removing heat energy from a turbine engine heat
source;

[0028] FIG. 3 is a schematic illustration of a turbine engine system that includes another
alternative embodiment cooling system for removing heat energy from a turbine engine heat
source;

[0029] FIG. 4 is a schematic illustration of a turbine engine system that includes still
another alternative embodiment cooling system for removing heat energy from a turbine engine

heat source;

[0030] FIG. 5 is a schematic illustration of a counter flow heat exchanger;

[0031] FIG. 6 is a schematic illustration of a cross flow heat exchanger;

[0032] FIG. 7 is a schematic illustration of a parallel flow heat exchanger;

[0033] FIG. 8 i_s a perspective cutaway illustration of a heat exchange passage with a
plurality of ribs;

[0034] FIG. 9 is a perspective cutaway illustration of a heat exchange passage with a
plurality of pedestals;

[0035] FIG. 10 is a perspective cutaway illustration of a cross flow heat exchanger;
[0036] FIG. 11 is a perspective cutaway illustration of a core for the cross flow heat

exchanger of FIG. 10;

[0037] FIG. 12 is a perspective cutaway illustration of an alternative core embodiment
for the cross flow heat exchanger of FIG. 10;

[0038] FIG. 13 is a partial sectional illustration of a turbine engine in which the heat
source of FIGS. 1-4 may be included.

DETAILED DESCRIPTION OF THE INVENTION
[0039] A turbine engine includes various devices that generate heat energy as a
byproduct of engine operation. These devices are referred to below generally as “turbine engine

heat sources”. Some examples of a turbine engine heat source include a gear train, a bearing
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assembly and a seal assembly. Several non-limiting examples of a cooling system for removing
heat energy from at least one of the turbine engine heat sources are described below.

[0040] FIG. 1 is a schematic illustration of a cooling system 10 for removing heat energy
from a turbine engine heat source 12 such as a gear train. The cooling system 10 includes a
passage 14 arranged within the heat source 12, a heat exchanger 16, one or more flow regulators
18-20, a cooling medium inlet 22, and a cooling medium outlet 24.

[0041] The passage 14 extends through the heat source 12 between a passage inlet 28 and
a passage outlet 29. The passage 14, for example, may extend through a case that houses one or
more components of the heat source 12. The passage 14 may be formed by one or more
apertures, channels, gaps, chambers and/or other types of voids between components (e.g., gears,
shafts, bearings, a case wall, etc.) of the heat source 12 (e.g., gear train).

[0042] The heat exchanger 16 includes a plurality of heat exchange passages 30 and 32.
The first passage 30 extends through the heat exchanger 16 between a passage inlet 33 and a
passage outlet 34. The second passage 32 extends through the heat exchanger 16 between a
passage inlet 35 and a passage outlet 36. The heat exchanger 16 may be configured as a discrete
unit. Alternatively, the heat exchanger 16 may be included as part of one or more other
components of the turbine engine.

[0043] One or more of the flow regulators 18-20 are each adapted to control whether a
cooling medium may flow within a respective portion of the cooling system 10. One or more of
the flow regulators 18-20 may also or alternatively be adapted to control a flow rate at which the
cooling medium flows within the respective portion of the cooling system 10. Each of the flow
regulators 18-20 may include or be configured as one or more valves and/or a pump.

[0044] The cooling medium inlet 22 includes one or more discrete conduits (e.g., hoses).
The cooling medium inlet 22 may also or alternatively include one or more passages extending
through or define by one or more other components of the turbine engine.

[0045] The cooling medium outlet 24 includes one or more discrete conduits. The
cooling medium outlet 24 may also or alternatively include one or more passages extending
through or defined by one or more other components of the turbine engine.

[0046] The passages 14 and 30 and the flow regulator 18 are configured in a closed loop
circuit 38, and form a first heat exchange system 40. The passage outlet 34 is fluidly coupled to
the passage inlet 28. The flow regulator 18 is fluidly coupled inline between the passage outlet

5
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29 and the passage inlet 33. The passage 32, the flow regulators 19 and 20, the cooling medium
inlet 22 and the cooling medium outlet 24 are configured in an open loop circuit 42, and form a
second heat exchange system 44. The flow regulator 19 is fluidly coupled inline between the
cooling medium inlet 22 and the passage inlet 35. The flow regulator 20 is fluidly coupled inline
between the passage outlet 36 and the cooling medium outlet 24.

[0047] The heat source 12, as set forth above, may generate heat energy during turbine
engine operation. To remove this heat energy from the heat source 12, the flow regulator 18
permits a first cooling medium to circulate within the closed loop circuit 38. One or more of the
flow regulators 19 and 20 also permit a second cooling medium to flow through the open loop
circuit 42. The first cooling medium may be fuel, lubrication oil or refrigerant. The second
cooling medium may be fuel, pure or treated water or refrigerant. The cooling medium inlet 22
may receive the second cooling medium from a cooling medium reservoir (e.g., tank) or through
a conduit that is fluidly coupled to a remote cooling medium source such as a well or municipal
water supply. The cooling medium outlet 24 may exhaust the second cooling medium out of the
turbine engine or into a gas path of the turbine engine.

[0048] The heat energy from the heat source 12 is transferred into the first cooling
medium flowing through the passage 14. The heat exchanger 16 transfers the heat energy from
the first cooling medium flowing through the passage 30 into the second cooling medium
flowing through the passage 32. This transfer of heat energy may vaporize some or substantially
all of the second cooling medium, or the second cooling medium may remain in a single (e.g.,
liquid) phase. The second cooling medium as well as the heat energy carried thereby is
subsequently expelled from the cooling system 10 through the cooling medium outlet 24.

[0049] FIG. 2 is a schematic illustration of a turbine engine system 46 that includes an
alternate embodiment cooling system 48, the turbine engine heat source 12, and a cooling
medium reservoir 50. In contrast the cooling system 10 of FIG. 1, the cooling system 48 also
includes another passage 52 arranged within the heat source 12, and a second heat exchanger 54.
The cooling system 48 may also include various other components (e.g., flow regulators, heat
exchangers, etc.), which are not illustrated for ease of description.

[0050] The passage 52 extends through the heat source 12 between a passage inlet 57 and

a passage outlet 58. The passage 52 may be formed by one or more apertures, channels, gaps,
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chambers and/or other types of voids between components (e.g., gears, shafts, bearings, a case
wall, etc.) of the heat source 12 (e.g., gear train).

[0051] The second heat exchanger 54 is configured as a radiator (e.g., a liquid-to-air
finned tube heat exchanger) with a heat exchange passage 60. The passage 60 extends through
the second heat exchanger 54 between a passage inlet 61 and a passage outlet 62.

[0052] The passages 52 and 60 are configured in a second closed loop circuit 64, and
form a third heat exchange system 66. The passage outlet 58 is fluidly coupled to the passage
inlet 61. That passage outlet 62 is fluidly coupled to the passage inlet 57. The cooling medium
reservoir 50 is fluidly coupled to the cooling medium inlet 22.

[0053] To remove heat energy from the heat source 12, the first and the second heat
exchange systems 40 and 44 may be operated as described above. In addition or alternatively, a
third cooling medium may be circulated within the second closed loop circuit 64. The third
cooling medium may be fuel, lubrication oil or refrigerant. The heat energy from the heat source
12 is transferred into the third cooling medium flowing through the passage 52. The second heat
exchanger 54 transfers the heat energy from the third cooling medium flowing through the
passage 60 into air flowing through and/or around the second heat exchanger 54 (e.g., radiator).
[0054] FIG. 3 is a schematic illustration of another turbine engine system 68 that includes
another alternate embodiment cooling system 70, the turbine engine heat source 12, and the
cooling medium reservoir 50. In contrast the cooling system 48 of FIG. 2, the passages 30, 52,
60 and 14 and the flow regulator 18 of the cooling system 70 are configured in the closed loop
circuit 38, and form the first heat exchange system 40. The passage outlet 34 is fluidly coupled
to the passage inlet 57. The passage outlet 58 is fluidly coupled to the passage inlet 61. The
passage outlet 62 is fluidly coupled to the passage inlet 28. The flow regulator 18 is fluidly
coupled inline between the passage outlet 29 and the passage inlet 33. The passage outlet 29
may also be fluidly coupled to the passage inlet 57.

[0055] To remove heat energy from the heat source 12, the flow regulator 18 permits
the first cooling medium to circulate within the closed loop circuit 38. The heat energy from the
heat source 12 is transferred into the first cooling medium flowing through the passages 14 and
52. The second heat exchanger 54 transfers the heat energy from the first cooling medium
flowing through the passage 60 into air flowing through and/or around the second heat exchanger

54 (e.g., radiator). The heat exchanger 16 may also be operated as described above to transfer
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additional heat energy from the first cooling medium into the second cooling medium.
Alternatively, the flow regulator 18 may substantially prevent the first cooling medium from
flowing through the passage 30.

[0056] FIG. 4 is a schematic illustration of another turbine engine system 76 that includes
another alternate embodiment cooling system 78, the turbine engine heat source 12, the cooling
medium reservoir 50, and another cooling medium reservoir 80 (e.g., fuel or lubrication oil tank).
In contrast to the cooling system 10 of FIG. 1, the cooling system 78 also includes a second heat
exchanger 82.

[0057] The second heat exchanger 82 includes a plurality of heat exchange passages 84-
86. The first passage 84 extends through the second heat exchanger 82 between a passage inlet
87 and a passage outlet 88. The second passage 85 extends through the second heat exchanger
82 between a passage inlet 89 and a passage outlet 90. The third passage 86 extends through the
second heat exchanger 82 between a passage inlet 91 and a passage outlet 92, and is configured
as part of another heat exchange system such as a fuel / lubrication oil cooler. Various types and
configurations of fuel / lubrication oil coolers are known in the art, and therefore will not be
discussed in further detail. The second heat exchanger 82 may be configured as a discrete unit.
Alternatively, the second heat exchanger 82 may be included as part of one or more other
components of the turbine engine.

[0058] The passages 30, 84, 14 and 85, the cooling medium reservoir 80, and the flow
regulator 18 are configured in the closed loop circuit 38, and form the first heat exchange system
40. The passage 30 and the flow regulator 18 are arrange in parallel, and fluidly coupled inline
between an outlet 93 of the cooling medium reservoir 80 and the passage inlet 87. The passage
outlet 88 is fluidly coupled to the passage inlet 28. The passage outlet 29 is fluidly coupled to
the passage inlet 89. The passage outlet 90 is fluidly coupled to an inlet 94 of the cooling
medium reservoir 80.

[0059] To remove heat energy from the heat source 12, the first cooling medium
circulates within the closed loop circuit 38. The heat energy from the heat source 12 is
transferred into the first cooling medium flowing through the passage 14. The second heat
exchanger 82 transfers the heat energy from the first cooling medium flowing through the
passages 84 and 85 into another cooling medium flowing through the passage 86 and circulating

within the cooler. In some modes of operation, the flow regulator 18 may cause the first cooling
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medium to bypass the heat exchanger 16. In other modes of operation, the flow regulator 18
may direct at least a portion of the first cooling medium through passage 30 in order to transfer
additional heat energy from the first cooling medium into the second cooling medium as
described above.

[0060] One or more of the heat exchangers 16, 54 and 82 may have various
configurations other than those described above and illustrated in the drawings. The heat
exchange passages 30 and 32, for example, may be arranged in a counter flow configuration as
illustrated in FIG. 5. The heat exchange passages 30 and 32 may be arranged in a cross flow
configuration as illustrated in FIG. 6. The heat exchange passages 30 and 32 may be arranged in
a parallel flow configuration as illustrated in FIG. 7. One or more of the heat exchange passages
may each include one or more heat transfer enhancement features such as ribs, pedestals and/or
any other types of protrusions and/or recesses that increase surface area of the passage. For
example, FIG. 8 illustrates a heat exchange passage 100 that includes a plurality of ribs 102. In
another example, FIG. 9 illustrates a heat exchange passage 104 that includes a plurality of
pedestals 106. One or more of the heat exchange passages may each include a plurality of sub-
passages. In the heat exchanger 108 of FIGS. 10 and 11, for example, the second passage 30
includes a plurality of parallel and straight sub-passages 110. The third passage 32 includes a
plurality of parallel and straight sub-passages 112. Alternatively, as illustrated in FIG. 12, the
third passage 32 may include a plurality of parallel and tortuous sub-passages 114. The present
invention therefore is not limited to any particular heat exchanger and/or heat exchange passage
types and/or configurations.

[0061] One or more of the heat exchangers 16, 54 and 82 may be manufactured with a
metal powder bed process. The metal powder bed process may utilize direct metal laser sintering
(DMLS) and/or electron beam welding (EBM). The present invention, of course, is not limited
to any particular heat exchanger manufacturing processes or techniques.

[0062] FIG. 13 is a partial sectional illustration of a geared turbine engine 220 in which
the heat source 12 may be included. The turbine engine 220 is a two-spool turbofan that
generally incorporates a fan section 222, a compressor section 224, a combustor section 226 and
a turbine section 228. Alternative engines might include an augmentor section (not shown)
among other systems or features. The fan section 222 drives air along a bypass flowpath while

the compressor section 224 drives air along a core flowpath for compression and communication
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into the combustor section 226 then expansion through the turbine section 228. Although
depicted as a turbofan gas turbine engine in the disclosed non-limiting embodiment, it should be
understood that the concepts described herein are not limited to use with turbofans as the
teachings may be applied to other types of turbine engines such as a three-spool (plus fan) engine
wherein an intermediate spool includes an intermediate pressure compressor (IPC) between the
LPC and HPC and an intermediate pressure turbine (IPT) between the HPT and LPT.

[0063] The engine 220 generally includes a low spool 230 and a high spool 232 mounted
for rotation about an engine central longitudinal axis A relative to an engine static structure 236
via several bearing assemblies 238. The low spool 230 generally includes an inner shaft 240
(e.g., low speed shaft) that interconnects a fan 242, a low pressure compressor 244 (“LPC”) and
a low pressure turbine 246 (“LPT”). The inner shaft 240 drives the fan 242 directly or through a
geared architecture 248 (e.g., gear train) to drive the fan 242 at a lower speed than the low spool
230. An exemplary reduction transmission is an epicyclic transmission, namely a planetary or
star gear system.

[0064] The high spool 232 includes an outer shaft 250 (e.g., high speed shaft) that
interconnects a high pressure compressor 252 (“HPC”) and high pressure turbine 254 (“HPT”).
A combustor 256 is arranged between the high pressure compressor 252 and the high pressure
turbine 254. The inner shaft 240 and the outer shaft 250 are concentric and rotate about the
engine central longitudinal axis A which is collinear with their longitudinal axes.

[0065] Core airflow is compressed by the low pressure compressor 244 then the high
pressure compressor 252, mixed with the fuel and burned in the combustor 256, then expanded
over the high pressure turbine 254 and low pressure turbine 246. The turbines 254, 246
rotationally drive the respective low spool 230 and high spool 232 in response to the expansion.
[0066] The main engine shafts 240, 250 are supported at a plurality of points by bearing
assemblies 238 within the static structure 236. It should be understood that various bearing
assemblies 238 at various locations may alternatively or additionally be provided.

[0067] In one non-limiting example, the gas turbine engine 220 is a high-bypass geared
aircraft engine. In a further example, the gas turbine engine 220 bypass ratio is greater than
about six (6:1). The geared architecture 248 can include an epicyclic gear train, such as a
planetary gear system or other gear system. The example epicyclic gear train has a gear

reduction ratio of greater than about 2.3:1, and in another example is greater than about 2.5:1.
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The geared turbofan enables operation of the low spool 230 at higher speeds which can increase
the operational efficiency of the low pressure compressor 244 and low pressure turbine 246 and
render increased pressure in a fewer number of stages.

[0068] A pressure ratio associated with the low pressure turbine 246 is the pressure
measured prior to the inlet of the low pressure turbine 246 as related to the pressure at the outlet
of the low pressure turbine 246 prior to an exhaust nozzle of the gas turbine engine 220. In one
non-limiting embodiment, the bypass ratio of the gas turbine engine 220 is greater than about ten
(10:1), the fan diameter is significantly larger than that of the low pressure compressor 244, and
the low pressure turbine 246 has a pressure ratio that is greater than about 5 (5:1). It should be
understood, however, that the above parameters are only exemplary of one embodiment of a
geared architecture engine and that the present disclosure is applicable to other gas turbine
engines including direct drive turbofans.

[0069] In one embodiment, a significant amount of thrust is provided by the bypass flow
path B due to the high bypass ratio. The fan section 222 of the gas turbine engine 220 is designed
for a particular flight condition - typically cruise at about 0.8 Mach and about 35,000 feet. This
flight condition, with the gas turbine engine 220 at its best fuel consumption, is also known as
bucket cruise Thrust Specific Fuel Consumption (TSFC). TSFC is an industry standard
parameter of fuel consumption per unit of thrust.

[0070] Fan Pressure Ratio is the pressure ratio across a blade of the fan section 222
without the use of a Fan Exit Guide Vane system. The low Fan Pressure Ratio according to one
non-limiting embodiment of the example gas turbine engine 220 is less than 1.45. Low
Corrected Fan Tip Speed is the actual fan tip speed divided by an industry standard temperature
correction of “T” / 518.7%° in which “T” represents the ambient temperature in degrees Rankine.
The Low Corrected Fan Tip Speed according to one non-limiting embodiment of the example
gas turbine engine 220 is less than about 1150 fps (351 m/s).

[0071] While various embodiments of the present invention have been disclosed, it will
be apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible within the scope of the invention. For example, the present
invention as descﬁbed herein includes several aspects and embodiments that include particular
features. Although these features may be described individually, it is within the scope of the

present invention that some or all of these features may be combined within any one of the
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aspects and remain within the scope of the invention. Accordingly, the present invention is not

to be restricted except in light of the attached claims and their equivalents.
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What is claimed is:

1. A turbine engine system, comprising;
a turbine engine heat source including a first passage;
a heat exchanger including a second passage and a third passage;
a cooling medium inlet; and
a cooling medium outlet;
wherein the first and the second passages are configured in a closed loop circuit, and the
third passage is configured between the cooling medium inlet and the cooling medium outlet in

an open loop circuit.

2. The system of claim 1, further comprising a rotor and a shaft, wherein the heat source

includes a gear train that connects the rotor to the shaft.

3. The system of claim 1, further comprising a cooling medium reservoir that is fluidly

coupled to the cooling medium inlet and configured in the open loop circuit.

4. The system of claim 1, further comprising a flow regulator that is fluidly coupled

between the cooling medium inlet and the third passage.

5. The system of claim 1, further comprising a flow regulator that is fluidly coupled

between the third passage and the cooling medium outlet.

6. The system of claim 1, further comprising a flow regulator that is fluidly coupled

between the first and the second passages.

7. The system of claim 1, further comprising a second heat exchanger that includes a fourth
passage, wherein
the first passage is fluidly coupled between an outlet of the second passage and an inlet of

the fourth passage; and

13
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the heat source includes a fifth passage that is fluidly coupled between an outlet of the

fourth passage and an inlet of the second passage.

8. The system of claim 1, further comprising  a second heat exchanger including a fourth
passage that is configured with a fifth passage in a second closed loop circuit, wherein the fifth

passage is included in the heat source.

9. The system of claim 1, further comprising a second heat exchanger that includes a fourth
passage and a fifth passage, wherein the fourth passage is fluidly coupled between an outlet of
the second passage and an inlet of the first passage, and the fifth passage is fluidly coupled

between an outlet of the first passage and an inlet of the second passage.

10.  The system of claim 9, further comprising a cooling medium reservoir that is fluidly

coupled between the fifth passage and at least one of the second passage and the fourth passage.

11.  The system of claim 10, further comprising a flow regulator fluidly coupled between the
cooling medium reservoir and the fourth passage, and configured in parallel with the second

passage within the closed loop circuit.

12.  The system of claim 10, wherein the cooling medium reservoir comprises one of a fuel
tank and an oil tank.
13.  The system of claim 1, wherein at least portions of the second and the third passages are

arranged in a counter flow configuration.

14.  The system of claim 1, wherein at least portions of the second and the third passages are

arranged in a cross flow configuration.

15.  The system of claim 1, wherein at least portions of the second and the third passages are

arranged in a parallel flow configuration.
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16. A turbine engine system, comprising:

a gear train connecting a rotor to a shaft; and

a plurality of heat exchange systems, wherein a first of the heat exchange systems
transfers heat energy from the gear train to a second of the heat exchange systems, the first of the
heat exchange systems is configured in a closed loop circuit, and the second of the heat exchange

systems is configured in an open loop circuit.

17.  The system of claim 16, further comprising:
a case that houses the gear train, and includes a first passage; and
a heat exchanger including a second passage and a third passage;
wherein the first of the heat exchange systems includes the first and the second passages,

and the second of the heat exchange systems includes the third passage.

18.  The system of claim 16, further comprising a cooling medium reservoir that is configured

in the open loop circuit.

19.  The system of claim 16, further comprising a cooling medium reservoir that is configured

in the closed loop circuit.

20.  The system of claim 19, wherein the cooling medium reservoir comprises one or a fuel

tank and a lubrication oil tank.
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