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(57) Abrégée/Abstract:
The heat exchanger system Includes a first heat exchanger assembly including a plurality of airfoll members circumferentially
spaced In a flow stream of an annular duct. Each airfoll member including a radially inner end and a radially outer end and a first
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(57) Abrege(suite)/Abstract(continued):

Internal flowpath configured to channel a flow of cooled fluid therethrough. The heat exchanger assembly includes a second heat
exchanger assembly including a plurality of fin members extending proximate the flow stream and a second internal flowpath
configured to channel a flow of cooled fluid therethrough. The heat exchanger assembly includes a header system including a
conduit path configured to couple the first heat exchanger assembly and the second heat exchanger assembly In flow
communication. The header system includes an inlet connection configured to receive a flow of hot fluid from thermal loads and an
outlet connection configured to direct cooled fluid to thermal loads.



CA 02951670 2016-12-15

234288

ABSTRACT

The heat exchanger system includes a first heat exchanger assembly including a plurality
of airfoil members circumferentially spaced in a flow stream of an annular duct. Each
airfoil member including a radially inner end and a radially outer end and a first internal
flowpath configured to channel a flow of cooled fluid therethrough. The heat exchanger
assembly includes a second heat exchanger assembly including a plurality of fin members
extending proximate the flow stream and a second internal flowpath configured to channel
a flow of cooleci fluid therethrough. The heat exchanger assembly includes a header system
including a conduit path configured to couple the first heat exchanger assembly and the
second heat exchanger assembly in flow communication. The header system 1ncludes an
inlet connection configured to receive a flow of hot fluid from thermal loads and an outlet

connection configured to direct cooled fluid to thermal loads.
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METHOD AND SYSTEM FOR COMBINATION HEAT EXCHANGER

BACKGROUND

[0001] The field of the disclosure relates generally to cooling systems in a gas turbine
engines and, more particularly, to a method and system for cooling fluid in a gas turbine

engine using a combination of different heat exchangers.

[0002] At least some known gas turbine engines include a fluid cooling system that is
used to cool and lubricate components of the gas turbine engine. The fluid cooling system
cools a tluid to remove heat transferred from the engine to the fluid. As gas turbine en gines
become larger and more powerful, more heat needs to be rejected from the gas turbine
engine and the lneeded cooling capacity of the gas turbine engine increases. At least some
known methods of increasing the cooling capacity of the gas turbine engine includes adding
coolers and heat exchangers to the gas turbine engine. At least some of the known coolers
and heat exchangers include compact heat exchangers known as brick coolers, surface
coolers, and outlet guide vane heat exchangers which are all air-oil heat exchangers

attached to the inner radial surface of the nacelle.

[0003] Each type of cooler or heat exchanger has a disadvantage. Brick coolers and
surface coolers protrude into the bypass airflow passageway and create drag in the air
flowing 1n the bypass airflow passageway. However, surface coolers protrude into the
bypass airtlow passageway to a much lesser extent than brick coolers and create
substantially less drag. Outlet guide vane heat exchangers are heat exchangers
incorporated into the already existing outlet guide vanes that support the nacelle. Outlet
guide vane heat exchangers do not create any additional drag. However, the heat transfer
area and heat transfer capability of outlet guide vane heat exchangers are limited and may
not be sufficient to meet the oil cooling needs of a gas turbine engine. Increasing the

cooling capacity of the gas turbine engine requires adding additional coolers while

managing the disadvantages of each type of cooler or heat exchanger.
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BRIEF DESCRIPTION

[0004] In one aspect, a heat exchanger system includes a first heat exchanger assembly
including a plurality of airfoil members circumferentially spaced in a flow stream of an
annular duct. Each airfoil member including a radially inner end and a radially outer end.
Each airfoil member further including a first internal flowpath configured to channel a flow
of cooled fluid therethrough. The heat exchanger assembly also includes a second heat
exchanger assembly extending proximate the flow stream. The second heat exchanger
assembly including a second internal flowpath configured to channel a flow of cooled fluid
therethrough. The heat exchanger assembly further includes a header system including a
conduit path configured to couple the first heat exchanger assembly and the second heat
exchanger assembly in flow communication. The header system further including an inlet
connection configured to receive a flow of relatively hot fluid from one or more thermal

loads and an outlet connection configured to direct cooled fluid to the one or more thermal

loads.

[0005] In ané)ther aspect, a method of heat exchange includes receiving a flow of
relatively hot fluid at an inlet to a first heat exchanger. The first heat exchanger includes a
plurality of guide vanes extending radially into an air stream from a radially outer wall to
a radially inner wall. The method also includes channeling the relatively hot fluid through
one or more fluid flow paths within the first heat exchanger. The relatively hot fluid
releasing a portion of heat continued in the relatively hot fluid to the air stream. The
method further includes receiving a flow of partially cooled fluid at an inlet to a second
heat exchanger. The second heat exchanger includes a plurality of fins extending
proximate the air stream from a radially outer wall. The method also includes channeling
the tlow of partially cooled fluid through one or more fluid flow paths within the second

heat exchanger. The flow of partially cooled fluid releasing a portion of heat continued in

the tlow of partially cooled fluid to the air stream through the plurality of fins.

[0006] In yet another aspect, a gas turbine engine includes a core engine and a stationary

annular casing at least partially surrounding the core engine forming an annular duct. The

-
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gas turbine engine also includes a heat exchanger assembly. The heat exchanger assembly
includes a first heat exchanger assembly including a plurality of airfoil members
circumferentially spaced in a flow stream of an annular duct. Each airfoil member
including a radially inner end and a radially outer end. Each airfoil member further
including a first internal flowpath configured to channel a flow of cooled fluid
therethrough. The heat exchanger assembly also includes a second heat exchanger
assembly extending proximate the flow stream. The second heat exchanger assembly
including a second internal flowpath configured to channel a flow of cooled fluid
therethrough. The heat exchanger assembly further includes a header system including a
conduit path configured to couple the first heat exchanger assembly and the second heat
exchanger assembly in flow communication. The header system further including an inlet
connection configured to receive a flow of relatively hot fluid from one or more thermal

loads and an outlet connection configured to direct cooled fluid to the one or more thermal

loads.
BRIEF DESCRIPTION OF THE DRAWINGS

0007} These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference to

the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0008]  FIGS. 1-12 show example embodiments of the method and apparatus described

herein.

[0009] FIG. 1 is a schematic view of a gas turbine engine.

[0010] FIG. 2 is a schematic diagram of an outlet guide vane heat exchanger.
|0011] FIG. 3A 1s a schematic diagram of a surface cooler.

[0012] FIG. 3B is a schematic diagram of a surface cooler inlet and outlet.

3.
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[0013] FIG. 4 is a schematic diagram of a brick cooler.

[0014] FIG. 5 is a diagram of heat exchanger system configured in a series flow

configuration.

[0015] FIG. 6 is a diagram of heat exchanger system configured in a parallel flow

configuration.

[0016] FIG. 7 is a diagram of heat exchanger system configured in a hybrid series-parallel

flow configuration.

[0017} FIG. 8 1s a diagram of heat exchanger system in an aircraft engine configured in

a series flow configuration.

[0018]  FIG. 9 1s a diagram of heat exchanger system in an aircraft engine configured in

a parallel tlow configuration.

10019} FIG. 10 is a diagram of heat exchanger system in an aircraft engine configured in

a hybrid series-parallel flow configuration.

[0020]  FIG. 11 is a diagram of an OGVHE-surface cooler or brick cooler heat exchanger

system 1n an aircraft engine configured in a series flow configuration.

[0021] FIG. 12 is a diagram of an OGVHE-surface cooler or brick cooler heat exchanger

system 1n an aircraft engine configured in a parallel flow configuration.

[0022] Although specific features of various embodiments may be shown in some
drawings and not 1n others, this is for convenience only. Any feature of any drawing may

be reterenced and/or claimed in combination with any feature of any other drawing.

|0023] Unless otherwise indicated, the drawings provided herein are meant to illustrate
features of embodiments of the disclosure. These features are believed to be applicable in

a wide variety of systems comprising one or more embodiments of the disclosure. As such,
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the drawings are not meant to include all conventional features known by those of ordinary

skill 1n the art to be required for the practice of the embodiments disclosed herein.

DETAILED DESCRIPTION

[0024]  In the following specification and the claims, reference will be made to a number

of terms, which shall be defined to have the following meanings.

[0025] The singular forms “a”, “an”, and “the” include plural references unless the

context clearly dictates otherwise.

[0026] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the

event occurs and instances where 1t does not.

[0027] Approximating language, as used herein throughout the specification and claims,
may be applied to modify any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which it is related. Accordingly, a
value modified by a term or terms, such as “about”, “approximately”, and “substantially”,
are not to be limited to the precise value specified. In at least some instances, the
approximating language may correspond to the precision of an instrument for measuring

the value. Here and throughout the specification and claims, range limitations may be

combined and/or interchanged; such ranges are identified and include all the sub-ranges

contained therein unless context or language indicates otherwise.

[0028] The following detailed description illustrates embodiments of the disclosure by
way of example and not by way of limitation. It is contemplated that the disclosure has

general application to a method and system for cooling oil in an aircraft engine.

[0029] Embodiments of the heat exchanger system described herein cool oil in a gas
turbine engine. The heat exchanger system includes a plurality of outlet guide vane heat
exchangers (OGVHE) that circumscribe at least a portion of a core engine and a plurality

of surface coolers located on an inner radial surface of a nacelle. The surface coolers or

5.
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brick cooler and the OGVHEs cool the oil by exchanging heat with fan exhaust air in the
bypass airtlow passageway. In an exemplary embodiment, the surface coolers or brick
cooler and the OGVHESs are configured in a parallel flow configuration. The surface
coolers or brick cooler and the OGVHEs receive relatively hot oil from the engine, cool
the oil, and return the oil back to the engine. In another embodiment, the surface coolers
or brick cooler and the OGVHEs are configured in a series flow configuration. The
OGVHESs receive relatively hot oil from the engine, cool the oil, and channel the partially
cooled oil to the surface coolers. The surface coolers or brick cooler cool the oil and return
the o1l to the engine. In another embodiment, the OGVHEs are configured in a hybrid
series-parallel flow configuration in series or in parallel with a surface cooler or brick
cooler. The OGVHESs are divided into multiple groups. A group of OGVHEs and a group
of surfaces cooiers or brick cooler are coupled in flow communication. Each group of
OGVHEs receives relatively hot oil from the engine, cools the oil, and channels the oil to
the respective group of surface coolers. The respective group of surface coolers cools the

o1l and returns the oil to the engine.

|0030] The heat exchanger systems described herein offer advantages over known
methods of cooling oil in a gas turbine engine. More specifically, some known heat
exchanger systems are heavier and generate more drag than the system described herein.
Heat exchangers embedded in the already existing outlet guide vanes reduce weight and

drag. Furthermore, some known heat exchanger systems have less heat exchange area and
heat exchange capacity than the system described herein. Surface coolers combined with

OGVHEs provide increased heat exchange area and heat exchange capacity.

[0031] FIG. 1 1s a schematic cross-sectional view of a gas turbine engine 110 in
accordance with an exemplary embodiment of the present disclosure. In the example
embodiment, gas turbine engine 110 is a high-bypass turbofan jet engine 110, referred to
herein as “turbofan engine 110.” As shown in FIG. 1, turbofan engine 110 defines an axial
direction A (extending parallel to a longitudinal centerline 112 provided for reference) and
a radial direction R. In general, turbofan 110 includes a fan section 114 and a core turbine

engine 116 disposed downstream from fan section 114.
_6-
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[0032] Exemplary core turbine engine 116 depicted generally includes a substantially
tubular outer casing 118 that defines an annular inlet 120. Outer casing 118 includes an
outer radial surface 119. Outer casing 118 encases, in serial flow relationship, a
compressor section including a booster or low pressure (LP) compressor 122 and a high
pressure (HP) compressor 124; a combustion section 126; a turbine section including a
high pressure (HP) turbine 128 and a low pressure (LP) turbine 130; and a jet exhaust
nozzle section 132. A high pressure (HP) shaft or spool 134 drivingly connects HP turbine
128 to HP compressor 124. A low pressure (LP) shaft or spool 136 drivingly connects LP
turbine 130 to LP compressor 122. The compressor section, combustion section 126,

turbine section, and nozzle section 132 together define a core air flowpath 137.

[0033] For the embodiment depicted, fan section 114 includes a variable pitch fan 138
having a plurality of fan blades 140 coupled to a disk 142 in a spaced apart manner. As
depicted, fan blades 140 extend outwardly from disk 142 generally along radial direction
R. Each fan blade 140 is rotatable relative to disk 142 about a pitch axis P by virtue of fan
blades 140 beirig operatively coupled to a suitable pitch change mechanism 144 configured
to collectively vary the pitch of fan blades 140 in unison. Fan blades 140, disk 142, and
pitch change mechanism 144 are together rotatable about longitudinal axis 112 by LP shaft
136 across a power gear box 146. Power gear box 146 includes a plurality of gears for
adjusting the rotational speed of fan 138 relative to LP shaft 136 to a more efficient

rotational fan speed.

[0034] Referr‘ing still to the exemplary embodiment of FIG. 1, disk 142 is covered by
rotatable front hub 148 aerodynamically contoured to promote an airflow through plurality
of fan blades 140. Additionally, exemplary fan section 114 includes an annular fan casing
or outer nacelle 150 that circumferentially surrounds fan 138 and/or at least a portion of
core turbine engine 116. Nacelle 150 includes an inner radial surface 151. It should be
appreciated that nacelle 150 may be configured to be supported relative to core turbine
engine 116 by a plurality of circumferentially-spaced outlet guide vanes 152. In the
exemplary embodiment, outlet guide vanes 152 include engine oil heat exchangers.

Moreover, a downstream section 154 of nacelle 150 may extend over an outer portion of

-
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core turbine engine 116 so as to define a bypass airflow passage 156 therebetween. A
plurality of surface coolers 157 is disposed on inner radial surface 151 of nacelle 150 in

bypass airflow passage 156.

10035] During operation of turbofan engine 110, a volume of air 158 enters turbofan 110
through an associated inlet 160 of nacelle 150 and/or fan section 114. As volume of air
158 passes across fan blades 140, a first portion of air 158 as indicated by arrows 162 is
directed or routed into bypass airflow passage 156 and a second portion of air 158 as
indicated by arrow 164 is directed or routed into core air flowpath 137, or more specifically
into LP compressor 122. The ratio between first portion of air 162 and second portion of
air 164 is commonly known as a bypass ratio. The pressure of second portion of air 164 is
then increased as it is routed through HP compressor 124 and into combustion section 126,

where 1t is mixed with fuel and burned to provide combustion gases 166.

[0036] Combustion gases 166 are routed through HP turbine 128 where a portion of
thermal and/or kinetic energy from combustion gases 166 is extracted via sequential stages
of HP turbine stator vanes 168 and HP turbine rotor blades 170. HP turbine stator vanes
168 are coupled to outer casing 118. HP turbine rotor blades 170 are coupled to HP shaft
or spool 134. Rotation of HP turbine rotor blades 170 causes HP shaft or spool 134 to
rotate, thereby 'supporting operation of HP compressor 124. Combustion gases 166 are
then routed through LP turbine 130 where a second portion of thermal and kinetic energy

1S extracted from combustion gases 166 via sequential stages of LP turbine stator vanes

172 and LP turbine rotor blades 174. LP turbine stator vanes 172 are coupled to outer
casing 118. LP turbine rotor blades 174 are coupled to LP shaft or spool 136. Rotation of
LP turbine rotor blades 174 causes LP shaft or spool 136 to rotate, thereby supporting

operation of LP compressor 122 and/or rotation of fan 138.

[0037] Combustion gases 166 are subsequently routed through jet exhaust nozzle section
132 of core turbine engine 116 to provide propulsive thrust. Simultaneously, the pressure
of first portion of air 162 is substantially increased as first portion of air 162 is routed

through bypass airflow passage 156 before it is exhausted from a fan nozzle exhaust section

8-
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176 of turbofan 110, also providing propulsive thrust. HP turbine 128, LP turbine 130, and
jet exhaust nozzle section 132 at least partially define a hot gas path 178 for routing

combustion gases 166 through core turbine engine 116.

[0038] It should be appreciated, however, that exemplary turbofan engine 110 depicted
in FIG. 1 is by way of example only, and that in other exemplary embodiments, turbofan
engine 110 may have any other suitable configuration. It should also be appreciated, that
in still other exemplary embodiments, aspects of the present disclosure may be
incorporated into any other suitable gas turbine engine. For example, in other exemplary
embodiments, aspects of the present disclosure may be incorporated into, e.g., a turboprop

engine.

[0039] FIG. 2 is a schematic diagram of an airfoil member, specifically an outlet guide
vane heat exchanger (OGVHE) 200. OGVHE 200 includes an airfoil body 202. OGVHE
200 also includes a radially inner end 204 and a radially outer end 206. Radially inner end
204 1s coupled to core turbine engine 116 (shown in FIG. 1). Radially outer end 206 is
coupled to and supports nacelle 150 (shown in FIG. 1) relative to core turbine engine 116
(shown in FIG. 1). A plurality of internal flow paths 208 is disposed within airfoil body
202. OGVHE 200 includes an outlet guide vane heat exchanger inlet 210 (OGVHE inlet
210) configured to receive oil and coupled in flow communication with internal flow paths

208. OGVHE 200 also includes an outlet guide vane heat exchanger outlet 212 (OGVHE

outlet 212) coupled in flow communication with internal flow paths 208.

[0040] During operation, first portion of air 162 (shown in FIG. 1) in bypass airflow
passage 156 (shown in FIG. 1) 1s configured to flow proximate to airfoil body 202 and
configured to exchange heat with airfoil body 202. OGVHE inlet 210 is configured to
receive a tflow of fluid, such as, but not limited to, oil. OGVHE inlet 210 is configured to
channel oil to internal flow paths 208. Oil in internal flow paths 208 is configured to
exchange heat with first portion of air 162 (shown in FIG. 1) in bypass airflow passage 156
(shown in FIG. 1). Internal flow paths 208 are configured to channel oil to OGVHE outlet
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212, which is coupled in flow communication to components of core turbine engine 116

(shown in FIG. 1).

[0041] FIG. 3A i1s a schematic diagram of a surface cooler 300. Surface cooler 300
includes a surface 302 disposed on inner radial surface 151 (shown in FIG. 1) of nacelle
150 (shown in FIG. 1). In an alternative embodiment, surface cooler 300 includes a surface
302 disposed on outer radial surface 119 (shown in FIG. 1) of outer casing 118 (shown in
FIG. 1). Surfdce cooler 300 also includes a plurality of fin members 304 disposed on
surface 302 and extending into bypass airflow passage 156 (shown in FIG. 1). FIG. 3A is
a schematic diagram of a surface cooler 300 inlet and outlet. Surface cooler 300 includes
a surface cooler inlet 308, a surface cooler outlet 310, and one or more internal flow paths

306 extending therebetween.

[0042]  During operation, first portion of air 162 (shown in FIG. 1) in bypass airflow
passage 156 (shown in FIG. 1) is configured to flow proximate to surface 302 to exchange
heat with fin members 304. Surface cooler inlet 308 is configured to receive a flow of oil
to be cooled and channel oil to internal flow paths 306. Qil in internal flow paths 306 is
configured to exchange heat with first portion of air 162 (shown in FIG. 1) through fin
members 304. Internal tlow paths 306 are configured to channel oil to surface cooler outlet

310 which 1s configured to return oil to core turbine engine 116 (shown in FIG. 1).

0043] FIG. 4 1s a schematic diagram of a brick cooler 400. Brick cooler 400 includes a
body 402 disposed on inner radial surface 151 (shown in FIG. 1) of nacelle 150 (shown in

FIG. 1). In an alternative embodiment, brick cooler 400 includes a body 402 disposed on
outer radial surface 119 (shown in FIG. 1) of outer casing 118 (shown in FIG. 1). Body
402 extends 1nto bypass airflow passage 156 (shown in FIG. 1). Brick cooler 400 includes
a brick cooler inlet 404, a brick cooler outlet 406, and orie or more internal flow paths 408

extending therebetween.

[0044] During operation, first portion of air 162 (shown in FIG. 1) in bypass airflow
passage 156 (shown in FIG. 1) i1s configured to flow proximate to body 402 to exchange

heat with body 402. Brick cooler inlet 404 is configured to receive a flow of oil to be
-10-
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cooled and channel oil to internal flow paths 408. Oil in internal flow paths 408 is
configured to exchange heat with first portion of air 162 (shown in FIG. 1) through body
402. Internal flow paths 408 are configured to channel oil to brick cooler outlet 406 which

1s configured to return oil to core turbine engine 116 (shown in FIG. 1).

[0045] FIG. 5 1s a diagram of heat exchanger system 500 configured in a series flow
contiguration. Heat exchanger system 500 includes a plurality of heat exchanger
assemblies 502, 504, 506, and 508. In the exemplary embodiment, heat exchanger
assemblies 502, 504, 506, and 508 include OGVHESs 200 (shown in FIG. 2), surface coolers
300 (shown in FIG. 3), and brick coolers 400 (shown in FIG. 4). Heat exchanger
assemblies 502, 504, 506, and 508 each include a heat exchanger inlet 510 and a heat
exchanger outlét 512. In the exemplary embodiment, heat exchanger inlet 510 includes
OGVHE inlet 210 (shown in FIG. 2), surface cooler inlet 308 (shown in FIG. 3), or brick
cooler 1nlet 404 (shown in FIG. 4) and heat exchanger outlet 512 includes OGVHE outlet
212 (shown in FIG. 2), surface cooler outlet 310 (shown in FIG. 3), or brick cooler outlet
406 (shown in FIG. 4). Heat exchanger system 500 includes a header system 514
comprising a plurality of conduits 516, 518, 520, 522, and 524.

[0046] Conduit 516 1s coupled in flow communication with heat exchanger inlet 510
disposed on heat exchanger assembly 502. Heat exchanger outlet 512 disposed on heat
exchanger assembly 502 is coupled in flow communication with conduit 518 which is

coupled 1n tlow communication with heat exchanger inlet 510 disposed on heat exchanger

assembly 504. Heat exchanger outlet 512 disposed on heat exchanger assembly 504 is
coupled in tlow communication with conduit 520 which is coupled in flow communication
with heat exchanger inlet 510 disposed on heat exchanger assembly 506. Heat exchanger
outlet 512 disposed on heat exchanger assembly 506 is coupled in flow communication

with conduit 522 which is coupled in flow communication with heat exchanger inlet 510
disposed on heat exchanger assembly 508. Heat exchanger outlet 512 disposed on heat
exchanger assembly 508 is coupled in flow communication with conduit 524 which is

coupled 1n flow communication with core turbine engine 116 (shown in FIG. 1).

-11-
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10047]  During operation, conduit 516 is configured to receive a flow of cooled fluid and
1s configured to channel a flow of cooled fluid to heat exchanger inlet 510 disposed on heat
exchanger assembly 502. In the exemplary embodiment, cooled fluid includes oil. Heat
exchanger outlet 512 disposed on heat exchanger assembly 502 is configured to channel
oil to conduit 518 which is configured to channel oil to heat exchanger inlet 510 disposed
on heat exchanger assembly 504. Heat exchanger outlet 512 disposed on heat exchanger
assembly 504 is configured to channel oil to conduit 520 which is configured to channel
oil to heat exchanger inlet 510 disposed on heat exchanger assembly 506. Heat exchanger
outlet 512 disposed on heat exchanger assembly 506 is configured to channel oil to conduit
522 which 1s configured to channel oil to heat exchanger inlet 510 disposed on heat
exchanger assembly 508. Heat exchanger outlet 512 disposed on heat exchanger assembly
508 1s configured to channel oil to conduit 524 which is configured to channel oil to core

turbine engine 116 (shown in FIG. 1).

10048] FIG. 6 1s a diagram of heat exchanger system 600 configured in a parallel flow
configuration. Heat exchanger system 600 includes a plurality of heat exchanger
assemblies 602, 604, 606, and 608. In the exemplary embodiment, heat exchanger
assemblies 602, 604, 606, and 608 include OGVHESs 200 (shown in FIG. 2), surface coolers
300 (shown in FIG. 3), and brick coolers 400 (shown in FIG. 4). Heat exchanger
assemblies 602, 604, 606, and 608 each include a heat exchanger inlet 610 and a heat

exchanger outlet 612. In the exemplary embodiment, heat exchanger inlet 610 includes

OGVHE inlet 210 (shown in FIG. 2), surface cooler inlet 308 (shown in FIG. 3), or brick
cooler inlet 404 (shown in FIG. 4) and heat exchanger outlet 612 includes OGVHE outlet
212 (shown 1in FIG. 2), surface cooler outlet 310 (shown in FIG. 3), or brick cooler outlet
406 (shown 1n FIG. 4). Heat exchanger system 600 includes a header system 614
comprising an inlet header 616, an outlet header 618, a plurality of inlet conduits 620, 622,
624, and 626, and a plurality of outlet conduits 628, 630, 632, and 634. Inlet header 616
includes a cooled fluid inlet 636 and outlet header 618 includes a cooled fluid outlet 638.

[0049] Inlet header 616 1s coupled in flow communication with inlet conduits 620, 622,

624, and 626. Inlet conduits 620, 622, 624, and 626 are coupled in flow communication
_12-
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with heat exchanger inlets 610 disposed on heat exchanger assemblies 602, 604, 606, and
608 respectively. Heat exchanger outlets 612 disposed on heat exchanger assemblies 602,
604, 606, and 608 are coupled in flow communication with outlet conduits 628, 630, 632,
and 634 respectively. Outlet conduits 628, 630, 632, and 634 are coupled in flow

communication with outlet header 618.

[0050] During operation, cooled fluid inlet 636 is configured to receive a flow of cooled
fluid and is configured to channel a flow of cooled fluid to inlet header 616. In the
exemplary embodiment, cooled fluid includes oil. Inlet header 616 is configured to channel
oil to inlet conduits 620, 622, 624, and 626 which are configured to channel oil to heat
exchanger inlets 610 disposed on heat exchanger assemblies 602, 604, 606, and 608
respectively. Heat exchanger outlets 612 disposed on heat exchanger assemblies 602, 604,
606, and 608 ére configured to channel oil to outlet conduits 628, 630, 632, and 634
respectively. Outlet conduits 628, 630, 632, and 634 are configured to channel oil to outlet
header 618 which is configured to channel oil to cooled fluid outlet 638. Cooled fluid

outlet 638 is configured to channel oil to core turbine engine 116 (shown in FIG. 1).

[0051] FIG. 7 is a diagram of heat exchanger system 700 configured in a hybrid series-
parallel flow configuration. Heat exchanger system 700 includes a plurality of heat
exchanger assemblies 702, 704, 706, and 708. In the exemplary embodiment, heat
exchanger assemblies 702, 704, 706, and 708 include OGVHEs 200 (shown in FIG. 2),

surface coolers 300 (shown in FIG. 3), and brick coolers 400 (shown in FIG. 4). Heat
exchanger assemblies 702, 704, 706, and 708 each include a heat exchanger inlet 710 and

a heat exchanger outlet 712. In the exemplary embodiment, heat exchanger inlet 710

includes OGVHE inlet 210 (shown in FIG. 2), surface cooler inlet 308 (shown in FIG. 3),
or brick cooler inlet 404 (shown in FIG. 4) and heat exchanger outlet 712 includes OGVHE
outlet 212 (shown 1n FIG. 2), surface cooler outlet 310 (shown in FIG. 3), or brick cooler
outlet 406 (shown in FIG. 4). Heat exchanger system 700 includes a header system 714
comprising an inlet header 716, an outlet header 718, a plurality of inlet conduits 720 and

722, a plurahity of outlet conduits 724 and 726, and a plurality of transfer conduits 728 and

-13-
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7130. Inlet header 716 includes a cooled fluid inlet 732 and outlet header 718 includes a
cooled fluid outlet 734.

[0052] Inlet };eader 716 1s coupled in flow communication with inlet conduits 720 and
722. Inlet conduits 720 and 722 are coupled in flow communication with heat exchanger
inlets 710 disposed on heat exchanger assemblies 702 and 706 respectively. Heat
exchanger outlets 712 disposed on heat exchanger assemblies 702 and 706 are coupled in
flow communication with transfer conduits 728 and 730 respectively. Transfer conduits
728 and 730 are coupled in flow communication with heat exchanger inlets 710 disposed
on heat exchanger assemblies 704 and 708 respectively. Heat exchanger outlets 712
disposed on heat exchanger assemblies 704 and 708 are coupled in flow communication
with outlet conduits 724 and 726 respectively. Outlet conduits 724 and 726 are coupled in
flow communication with outlet header 718 which is couple in flow communication with

cooled fluid outlet 734.

[0053] During operation, cooled fluid inlet 732 is configured to receive a flow of cooled
fluid and is configured to channel a flow of cooled fluid to inlet header 716. In the
exemplary embodiment, cooled fluid includes oil. Inlet header 716 is configured to channel
o1l to 1nlet conduits 720 and 722 which are configured to channel oil to heat exchanger
inlets 710 disposed on heat exchanger assemblies 702 and 706 respectively. Heat
exchanger outlets 712 disposed on heat exchanger assemblies 702 and 706 are configured

to channel o1l to transfer conduits 728 and 730 respectively. Transfer conduits 728 and

730 are configured to channel oil to heat exchanger inlets 710 disposed on heat exchanger
assemblies 704 and 708 respectively. Heat exchanger outlets 712 disposed on heat
exchanger assemblies 704 and 708 are configured to channel oil to outlet conduits 724 and
726 respectively. Qutlet conduits 724 and 726 are configured to channel oil to outlet header
718 which is configured to channel oil to cool fluid outlet 734. Cooled fluid outlet 734 is

configured to channel oil to core turbine engine 116 (shown in FIG. 1).

[0054] FIG. 8 1s a diagram of heat exchanger system 800 in core turbine engine 116

(shown 1n FIG. 1) configured in a series flow configuration. Heat exchanger system 800
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includes a therﬁal load 802, a plurality of outlet guide vane heat exchangers (OGVHEs)
304, a plurality of surface coolers 806, and a header system 808. In the exemplary
embodiment, thermal load 802 includes core turbine engine 116 (shown in FIG. 1).
OGVHEs 804 may be configured in the series flow configuration shown in FIG. 5, the
parallel flow configuration shown in FIG. 6, or the hybrid series-parallel flow configuration
shown in FIG. 7. Surface coolers 806 may be configured in the series flow configuration
shown in FIG.'5, the parallel flow configuration shown in FIG. 6, or the hybrid series-

parallel tlow configuration shown in FIG. 7.

[0055] Header system 808 includes a plurality of inlet headers 810, a plurality of transfer
headers 812, and a plurality of outlet headers 814. Inlet headers 810 are coupled in flow
communication with thermal load 802 and OGVHEs 804. OGVHEs 804 are coupled in
flow communication with transfer headers 812 which are coupled in flow communication
with surface coolers 806. Surface coolers 806 are coupled in flow communication with

outlet headers 812 which are coupled in flow communication with thermal load 802.

[0056] During operation, inlet headers 810 are configured to receive a flow of cooled
fluid and are configured to channel a flow of cooled fluid to OGVHEs 804. In the
exemplary embodiment, cooled fluid includes oil. OGVHESs 804 are configured to channel
a tlow of oil to transfer headers 812 which are configured to channel a flow of oil to surface
coolers 806. Sﬁrface coolers 806 are configured to channel a flow of oil to outlet headers

812 which are configured to channel a flow of oil to thermal load 802.

[0057] FIG. 9 1s a diagram of heat exchanger system 900 in core turbine engine 116
(shown in FIG. 1) configured in a parallel flow configuration. Heat exchanger system 900
includes a thermal load 902, a plurality of outlet guide vane heat exchangers (OGVHEs)
904, a plurality of surface coolers 906, and a header system 908. In the exemplary
embodiment, thermal load 902 includes components of core turbine engine 116 (shown in
FIG. 1). OGVHEs 904 may be configured in the series flow configuration shown in FIG.
5, the parallel flow configuration shown in FIG. 6, or the hybrid series-parallel flow

configuration shown in FIG. 7. Surface coolers 906 may be configured in the series flow
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configuration shown in FIG. 5, the parallel flow configuration shown in FIG. 6, or the

hybrid series-parallel flow configuration shown in FIG. 7.

[0058] Header system 908 includes a plurality of inlet headers 910 and a plurality of
outlet headers 912. Thermal load 902 is coupled in flow communication with inlet headers
910 which are coupled in flow communication with OGVHEs 904 and surface coolers 906.
OGVHESs 904 and surface coolers 906 are coupled in flow communication with outlet

headers 912 which are coupled in flow communication with thermal load 902.

[0059] During operation, inlet headers 910 are configured to receive a flow of cooled
tfluid and are configured to channel a flow of cooled fluid to OGVHEs 904 and surface
coolers 906. In the exemplary embodiment, cooled fluid includes oil. OGVHEs 904 and
surface coolers 906 are configured to channel a flow of oil to outlet headers 912 which are

configured to channel a flow of oil to thermal load 902.

[0060] FIG. 10 1s a diagram of heat exchanger system 1000 in core turbine engine 116
(shown in FIG. 1) configured in a hybrid series-parallel flow configuration. Heat
exchanger system 1000 1ncludes a thermal load 1002, a plurality of outlet guide vane heat
exchangers (OGVHEs) 1004 and 1008, a plurality of surface coolers 1006 and 1010, and a
header system 1012. In the exemplary embodiment, thermal load 1002 includes core

turbine engine 116 (shown in FIG. 1). OGVHEs 1004 and 1008 may be configured in the

series flow configuration shown in FIG. 5, the parallel flow configuration shown in FIG.
6, or the hybrid series-parallel flow configuration shown in FIG. 7. Surface coolers 1006
and 1010 may be configured in the series flow configuration shown in FIG. 5, the parallel

tflow configuration shown in FIG. 6, or the hybrid series-parallel flow configuration shown

in FIG. 7.

[0061] Header system 1012 includes a plurality of inlet headers 1014, a plurality of
transter headers 1016 and 1018, and a plurality of outlet headers 1020. Thermal load 1002
1s coupled in flow communication with inlet headers 1014 which are coupled in flow

communication with OGVHEs 1004 and 1008. OGVHEs 1004 and 1008 are coupled in

flow communication with transfer headers 1016 and 1018 respectively. Transfer headers
-16-
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1016 and 1018 are coupled in flow communication with surface coolers 1006 and 1010
respectively. Surface coolers 1006 and 1010 are coupled 1n flow communication with

outlet headers 1020 which are coupled in flow communication with thermal load 1002.

|0062] During operation, thermal load 1002 is configured to channel a flow of cooled
tluid to inlet headers 1014 which are configured to channel a flow of cooled fluid to
OGVHEs 1004 and 1008. In the exemplary embodiment, cooled fluid includes oil.
OGVHEs 1004 and 1008 are configured to channel a flow of oil to transfer headers 1016
and 1018 respectively. Transfer headers 1016 and 1018 are configured to channel a flow
of oil to surface coolers 1006 and 1010 respectively. Surface coolers 1006 and 1010 are
contigured to channel a flow of oil to outlet headers 1020 which are configured to channel

a flow of oil to thermal load 1002.

[0063] FIG. 11 is a diagram of an OGVHE-surface cooler heat exchanger system 1100
in core turbine engine 116 (shown in FIG. 1) configured in a series flow configuration.
Heat exchanger system 1100 includes a thermal load 1102, an outlet guide vane heat
exchanger (OGVHE) network 1104, a surface cooler 1106, and a header system 1108. In
the exemplary embodiment, thermal load 1102 includes core turbine engine 116 (shown in
FIG. 1). OGVHE network 1104 includes a plurality of outlet guide vane heat exchanger
(OGVHEs) 1110. OGVHEs 1110 within OGVHE network 1104 are configured in the

hybrid series-parallel flow configuration shown in FIG. 7.

[0064] Header system 1108 includes a plurality of inlet headers 1112, a plurality of
transter headers 1114, and a plurality of outlet headers 1116. Inlet headers 1112 are
coupled in flow communication with thermal load 1102 and OGVHE network 1104.
OGVHE network 1104 1s coupled in flow communication with transfer headers 1114 which
are coupled 1n flow communication with surface cooler 1106. Surface cooler 1106 is
coupled in flow communication with outlet headers 1116 which are coupled in flow

communication with thermal load 1102.

[0065] During operation, inlet headers 1112 are configured to receive a flow of cooled

fluid and are configured to channel a flow of cooled fluid to OGVHE network 1104. In
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the exemplary embodiment, cooled fluid includes oil. OGVHE network 1104 are
configured to channel a flow of oil to transfer headers 1114 which are configured to channel

a flow of oil to surface cooler 1106. Surface cooler 1106 is configured to channel a flow

of o1l to outlet headers 1116 which are configured to channel a flow of oil to thermal load

1102.

[0066] FIG. 12 is a diagram of an OGVHE-surface cooler heat exchanger system 1200
in core turbine engine 116 (shown in FIG. 1) configured in a parallel flow configuration.
Heat exchanger system 1200 includes a thermal load 1202, an outlet guide vane heat
exchangers (OGVHE) network 1204, a surface cooler 1206, and a header system 1208. In
the exemplary embodiment, thermal load 1202 includes components of core turbine engine
116 (shown in FIG. 1). OGVHE network 1204 includes a plurality of outlet guide vane
heat exchanger (OGVHEs) 1210. OGVHEs 1210 within OGVHE network 1204 are

configured in the hybrid series-parallel flow configuration shown in FIG. 7.

[0067] Header system 1208 includes a plurality of inlet headers 1212 and a plurality of
outlet headers 1214. Thermal load 1202 is coupled in flow communication with inlet
headers 1212 which are coupled in flow communication with OGVHE network 1204 and
surface cooler 1206. OGVHE network 1204 and surface cooler 1206 are coupled in flow

communication with outlet headers 1214 which are coupled in flow communication with

thermal load 1202.

[0068] During operation, inlet headers 1212 are configured to receive a flow of cooled
fluid and are configured to channel a flow of cooled fluid to OGVHE network 1204 and
surface cooler 1206. In the exemplary embodiment, cooled fluid includes oil. OGVHE
network 1204 and surface cooler 1206 are configured to channel a flow of oil to outlet

headers 1214 which are configured to channel a flow of oil to thermal load 1202.

[0069] The above-described heat exchange systems provide an efficient method for
cooling oil in a gas turbine engine. Specifically, the above-described heat exchange system
provides increased heat exchange area and heat exchange capacity. When surface coolers

and OGVHEs are configured in series, parallel, and hybrid series-parallel flow
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configuration, increased heat exchange area and heat exchange capacity is provided. As
such, cooling oil with surface coolers and OGVHE:s increases heat exchange area and heat

exchange capacity. Additionally, OGVHEs generate less drag and reduce the weight of

the engine.

[0070] Exemplary embodiments of heat exchange systems are described above in detail.
The heat exchange systems, and methods of operating such systems and devices are not
limited to the specific embodiments described herein, but rather, components of systems
and/or steps of the methods may be utilized independently and separately from other
components ana/or steps described herein. For example, the methods may also be used in
combination with other systems requiring oil cooling, and are not limited to practice with
only the systems and methods as described herein. Rather, the exemplary embodiment can
be implemented and utilized in connection with many other machinery applications that

are currently configured to receive and accept heat exchange systems.

[0071] Example methods and apparatus for cooling oil in a gas turbine engine are
described above in detail. The apparatus illustrated is not limited to the specific
embodiments described herein, but rather, components of each may be utilized
independently and separately from other components described herein. Each system

component can also be used in combination with other system components.

[0072] While there have been described herein what are considered to be preferred and
cxemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.
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WHAT IS CLAIMED IS:

1. A heat exchanger system comprising:

a first heat exchanger assembly comprising a plurality of airfoil members
circumferentially spaced in a flow stream of an annular duct, each airfoil member
comprising a radially inner end and a radially outer end, each airfoil member further
comprising a first internal flowpath configured to channel a flow of cooled fluid
therethrough;

a second heat exchanger assembly extending proximate said flow stream, said
second heat exchanger assembly comprising a second internal flowpath configured to
channel a flow of cooled fluid therethrough; and

a header system comprising a conduit configured to couple said first heat
exchanger assembly and said second heat exchanger assembly in flow communication, said
header system further comprising an inlet connection configured to receive a flow of
relatively hot fluid from one or more thermal loads and an outlet connection configured to

direct cooled fluid to the one or more thermal loads.

2. The heat exchanger system of Claim 1, wherein said inlet connection is

configured to channel said flow of relatively hot fluid to said first heat exchanger assembly.

3. The heat exchanger system of Claim 1, wherein said inlet connection is

configured to channel said flow of relatively hot fluid to said first heat exchanger assembly

and said second heat exchanger assembly substantially simultaneously.

4, The heat exchanger system of Claim 1, wherein said outlet connection is

configured to receive said flow of cooled fluid from said second heat exchanger assembly.

5.  The heat exchanger system of Claim 1, wherein said outlet connection is
contigured to receive said flow of cooled fluid from said first heat exchanger assembly and

said second heat exchanger assembly substantially simultaneously.
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6. A method of heat exchange comprising:

receiving a flow of relatively hot fluid at an inlet to a first heat exchanger, said
first heat exchanger comprising a plurality of guide vanes extending radially into an air
stream from a radially outer wall to a radially inner wall;

channeling thé relatively hot fluid through one or more fluid flow paths within
said first heat exchanger, the relatively hot fluid releasing a portion of heat contained in the
relatively hot fluid to the air stream;

recetving a tlow of partially cooled fluid at an inlet to a second heat exchanger,
sald second heat exchanger comprising a plurality of fins, said second heat exchanger
coupled to at least one of the radially outer wall and the radially inner wall and extending
into the air stream; and

channeling the flow of partially cooled fluid through one or more fluid flow
paths within said second heat exchanger, the flow of partially cooled fluid releasing a
portion of heat contained in the flow of partially cooled fluid to the air stream through said

plurality of fins.

7. The method of Claim 6 further comprising channeling the flow of

partially cooled fluid from the first heat exchanger to the second heat exchanger.

8. The method of Claim 6, further comprising channeling the flow of

partially cooled fluid from the second heat exchanger to a thermal load.

9. The method of Claim 6, further comprising channeling a flow of

relatively hot fluid from a thermal load to the first heat exchanger.

10.  The method of Claim 6, further comprising channeling a flow of
relatively hot fluid from a thermal load to the first heat exchanger and the second heat

exchanger substantially simultaneously.

11.  The method of Claim 6, further comprising channeling the flow of
partially cooled fluid from the first heat exchanger and the second heat exchanger to a

thermal load su‘bstantially stmultaneously.
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12. A gas turbine engine comprising:
a core engine;

a stationary annular casing at least partially surrounding said core engine

forming an annular duct;
a heat exchanger system comprising:
a first heat exchanger assembly comprising a plurality of airfoil members
circumferentially spaced in a flow stream of said annular duct, each airfoil member
comprising a radially inner end and a radially outer end, each airfoil member further

comprising a first internal flowpath configured to channel a flow of cooled fluid

therethrough;

a second heat exchanger assembly extending proximate said flow stream,
said second heat exchanger assembly comprising a second internal flowpath configured to

channel a flow of cooled fluid therethrough; and

a header system comprising a conduit configured to couple said first heat
exchanger assembly and said second heat exchanger assembly in flow communication, said
header system further comprising an inlet connection configured to receive a flow of
relatively hot fluid from said core engine and an outlet connection configured to direct

cooled fluid to said core engine.

13.  The gas turbine engine of Claim 12, wherein said inlet connection is

configured to channel said flow of relatively hot fluid to said first heat exchanger assembly.

14.  The gas turbine engine of Claim 13, wherein said outlet connection is

configured to receive said flow of cooled fluid from said second heat exchanger assembly.

15.  The gas turbine engine of Claim 14, wherein said second heat exchanger

assembly comprises a surface cooler.

16.  The gas turbine engine of Claim 15, wherein said airfoil members within
said first heat exchanger assembly are configured in a hybrid series-parallel flow

configuration.
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1'7. The gas turbine engine of Claim 12, wherein said inlet connection is
configured to channel said flow of relatively hot fluid to said first heat exchanger assembly

and said second heat exchanger assembly substantially simultaneously.

18.  The gas turbine engine of Claim 17, wherein said outlet connection is
configured to receive said flow of cooled fluid from said first heat exchanger assembly and

said second heat exchanger assembly substantially simultaneously.

19. The gas turbine engine of Claim 18, wherein said second heat exchanger

assembly comprises a surface cooler.

20.  The gas turbine engine of Claim 19, wherein said airfoil members within
said first heat exchanger assembly are configured in a hybrid series-parallel flow

configuration.
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