
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0041105 A1 

US 2015 0041 1 05A1 

Zager et al. (43) Pub. Date: Feb. 12, 2015 

(54) REDUCED THERMAL EXPANSION (52) U.S. Cl. 
CLOSURE BARS FOR A HEAT EXCHANGER CPC ........................................ F28F I/10 (2013.01) 

(71) Applicant: Hamilton Sundstrand Corporation, USPC .......................................................... 165/151 
Windsor Locks, CT (US) 

(72) Inventors: Michael Zager, Windsor, CT (US); (57) ABSTRACT 
Donald E. Army, Enfield, CT (US); 
George Kan, West Hartford, CT (US); 
Charles J. McColgan, West Granby, CT A plate fin heat exchanger is configured to receive hot flow 
(US); Nigel Palmer, West Granby, CT from a hot source and cool flow from a cool source. The plate 
(US) fin heat exchanger includes a plurality of plates arranged in 

parallel to define a plurality of flow passages there between, 
(73) Assignee: Hamilton Sundstrand Corporation, and a set of closure bars arranged at a first side of the plurality 

Windsor Locks, CT (US) of plates to seal a first set of the flow passages against ingress 
of the hot flow, thereby directing the hot flow into a second set 

(21) Appl. No.: 13/963.435 of the flow passages. Each respective closure bar includes an 
1-1. inner core formed of a first material having a first coefficient 

(22) Filed: Aug. 9, 2013 of thermal expansion and an outer cladding arranged about 
Publication Classification the inner core, the outer cladding formed of a second material 

having a second coefficient of thermal expansion. The first 
(51) Int. Cl. coefficient of thermal expansion is less than the second coef 

F28F L/10 (2006.01) ficient of thermal expansion. 

22 

  



Patent Application Publication Feb. 12, 2015 Sheet 1 of 3 US 2015/0041105 A1 

s 
(Y) 

7NZNZNZNZNZNZNA 

s 

  

      

  



Patent Application Publication Feb. 12, 2015 Sheet 2 of 3 US 2015/0041105 A1 

  



Patent Application Publication Feb. 12, 2015 Sheet 3 of 3 US 2015/0041105 A1 

SEx KS 

68 

62 74 

% 46 
Y-48 

78 66 

Fig. 4 

  



US 2015/0041 1 05 A1 

REDUCED THERMAL EXPANSION 
CLOSURE BARS FOR A HEAT EXCHANGER 

BACKGROUND 

0001. The present disclosure relates to heat exchangers, 
and in particular to closure bars for plate fin heat exchangers. 
0002 Heat exchangers are often used to transfer heat 
between two fluids. For example, in aircraft environmental 
control systems, heat exchangers may be used to transfer heat 
between a relatively hot air source (e.g., bleed air from a gas 
turbine engine) and a relatively cool air source (e.g., ram air). 
Some heat exchangers, often referred to as plate fin heat 
exchangers, include a plate fin core having multiple heat 
transfer sheets arranged in layers to define air passages there 
between. Closure bars seal alternating inlets of hot air and 
cool air inlet sides of the core. Accordingly, hot air and cool 
air are directed through alternating passages to form alternat 
ing layers of hot and cool air within the core. Heat is trans 
ferred between the hot and cool air via the heat transfer sheets 
that separate the layers. In addition, to facilitate heat transfer 
between the layers, each of the passages can include heat 
transfer fins, often formed of corrugated material (e.g., alu 
minum), that are oriented in a direction of the flow within the 
passage. The heat transfer fins increase turbulence and a 
Surface area that is exposed to the airflow, thereby enhancing 
heat transfer between the layers. 
0003 Typically, to further facilitate heat transfer within 
the core, components of a plate fin heat exchanger are formed 
ofa material, such as aluminum, that has a relatively high heat 
transfer coefficient. However, as hot air passes over the clo 
Sure bars (e.g., closure bars at the hot air inlet), a combination 
of a high velocity of hot air at the inlet and a relatively high 
coefficient of thermal expansion of aluminum can cause rapid 
physical expansion of the closure bars. Accordingly, because 
corners of the heat exchanger restrain overall expansion of the 
core, such rapid expansion of the closure bars can result in 
physical damage to components of the core (e.g., crushing of 
the heat transfer fins). 

SUMMARY 

0004. In one example, a plate fin heat exchanger is con 
figured to receive hot flow from a hot source and to receive 
cool flow from a cool source. The plate fin heat exchanger 
includes a plurality of plates arranged in parallel to define a 
plurality of flow passages there between. The plate fin heat 
exchanger further includes a first set of closure bars arranged 
at a first side of the plurality of plates to seal a first set of the 
plurality of flow passages against ingress of the hot flow, 
thereby directing the hot flow into a second set of the plurality 
of flow passages. Each respective closure bar of the set of 
closure bars includes an inner core formed of a first material 
having a first coefficient of thermal expansion, and an outer 
cladding arranged about the inner core. The outer cladding is 
formed of a second material having a second coefficient of 
thermal expansion. The first coefficient of thermal expansion 
is less than the second coefficient of thermal expansion. 
0005. In another example, a closure bar for a plate fin heat 
exchanger includes a first length defining a major axis of the 
closure bar extending from a first end of the closure bar to a 
second end of the closure bar, a first width defining a first 
minor axis of the closure bar extending from a first minor face 
of the closure bar to a second minor face of the closure bar, 
and a first thickness defining a second minor axis of the 
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closure bar extending from a first major face of the closure bar 
to a second major face of the closure bar. The closure bar 
further includes an inner core formed of a first material having 
a first coefficient of thermal expansion. The inner core has a 
second length, less than the first length of the closure bar, 
extending from a first end of the inner core proximate the first 
end of the closure bar to a second end of the inner core 
proximate the second end of the closure bar. The closure bar 
further includes an outer cladding formed of a second mate 
rial having a second coefficient of thermal expansion and 
arranged about the inner core to circumscribe the inner core 
about the major axis of the closure bar. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a schematic diagram of a plate fin heat 
exchanger. 
0007 FIG. 2 is an exploded view of a portion of the core of 
the plate fin heat exchanger of FIG. 1. 
0008 FIG. 3 is a side view of a closure bar. 
0009 FIG. 4 is a cross-sectional view along section A-A of 
FIG. 3. 

DETAILED DESCRIPTION 

0010. According to techniques of this disclosure, a closure 
bar of a plate fin heat exchanger includes an inner core formed 
from a material (e.g., titanium) that has a lower coefficient of 
thermal expansion than a cladding (e.g., aluminum) arranged 
about the core. The inner core lowers the overall thermal 
expansion properties of the closure bar. The outer cladding 
can enable the closure bar to be more easily attached (e.g., 
welded) to other components of the heat exchanger (e.g., the 
heat exchanger housing) that may be formed of a similar 
material. Accordingly, a closure bar disclosed herein can help 
to prevent resulting stress and physical damage to compo 
nents of the plate fincore. Such as heat transfer fins of the core, 
which can result from rapid thermal expansion of the closure 
bar. In this way, the disclosed closure bar can increase reli 
ability and longevity of components of a plate fin heat 
exchanger. 
0011 FIG. 1 is a schematic diagram of plate fin heat 
exchanger 10, in accordance with one or more aspects of this 
disclosure. As illustrated, plate fin heat exchanger 10 includes 
hot air inlet 12, hot air inlet manifold 13, hot air outlet 14, hot 
air outlet manifold 15, and plate fin core 16. Plate fin core 16 
includes heat transfer plates 18, cool air closure bars 20, and 
hot air closure bars 22. As illustrated, plate fin core 16 can 
further include a plurality of heat transfer structures disposed 
between heat transfer plates 18, such as hot air fins 19 and 
cool air fins 21. 
0012 Heat transfer plates 18 are arranged in parallel to 
define a plurality of flow passages there between. As illus 
trated, heat transfer plates 18 can be generally rectangular 
plates arranged in parallel layers to define flow passages (e.g., 
air flow passages) through gaps between the layers. As in the 
example of FIG. 1, heat transfer plates 18 can be arranged 
within plate fin core 16 to define a set of hot airflow passages 
24 and a set of cool air flow passages 26. Heat transfer plates 
18 can be formed of one or more materials having a relatively 
high heat transfer coefficient, Such as aluminum, copper, sil 
ver, gold, or other materials, thereby facilitating efficient heat 
transfer between air flows through alternating layers. Hot air 
fins 19 and cool air fins 21 can be disposed within hot airflow 
passages 24 and cool air flow passages 26, respectively, and 
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oriented in a direction of flow within a respective air flow 
passage, as is further described below. 
0013 Plate fin core 16 includes cladded cool air closure 
bars 20 disposed at hot air inlet side 28 and hot air outlet side 
30 of plate fin core 16. As illustrated, cool air closure bars 20 
(i.e., a set of cool air closure bars 20) are arranged at hot air 
outlet side 30 in close physical proximity to the set of cool air 
flow passages 26 (e.g., by welding, brazing, or other attach 
ment techniques) to seal the set of cool air flow passages 26 
against ingress of hot air at hot air outlet side 30. While 
illustrated as including cool air closure bars 20 arranged at hot 
air outlet side 30, it should be understood that plate fin core 16 
includes similar cool air closure bars 20 disposed at hot air 
inlet side 28 opposite hot air outlet side 30. That is, each of 
cool airflow passages 26 is sealed against ingress of hot air at 
both hot air inlet side 28 and hot air outlet side 30 of plate fin 
core 16 by a set of cool air closure bars 20. In this way, cool 
air closure bars 20 are configured to seal cool air flow pas 
sages 26 (i.e., a set of alternating flow passages of plate fin 
core 16) against ingress of hot air, thereby directing hot air 
received from a hot air source (e.g., engine bleed air from a 
gas turbine engine) into hot air flow passages 24. 
0014 Plate fin core 16 further includes cladded hot air 
closure bars 22 disposed at cool air inlet side 32 and cool air 
outlet side 34 of plate fin core 16. As illustrated, hot air 
closure bars 22 are arranged at cool air outlet side 34 in close 
physical proximity to the set of hot airflow passages 24 (e.g., 
by welding, brazing, or other attachment techniques) to seal 
the set of hot air flow passages 24 against ingress of cool air 
at cool air outlet side 34. While illustrated as including hot air 
closure bars 22 arranged at cool air outlet side 34, it should be 
understood that plate fin core 16 includes similar hot air 
closure bars 22 disposed at cool air inlet side32 opposite cool 
air outlet side 34. That is, each of hot air flow passages 24 is 
sealed against ingress of cool air at both cool air inlet side 32 
and cool air outlet side 34 of plate fin core 16 by a set of hot 
air closure bars 22. In this way, hot air closure bars 22 are 
configured to seal hot air flow passages 24 (i.e., a set of 
alternating flow passages of plate fin core 16) against ingress 
of cool air, thereby directing cool air received from a cool air 
Source (e.g., ram air) into cool air flow passages 26. 
0015. In some examples, as in the example of FIG. 1, each 
of hot air inlet side 28 and hot air outlet side 30 can be 
orthogonal to both of cool air inlet side 32 and cool air outlet 
side 34. In such examples, plate fin core 16 includes hot air 
flow passages 24 that define a flow direction of hot air that is 
orthogonal a direction of a cool air flow defined by cool air 
flow passages 26. In other examples, hot air inlet side 28 and 
hot air outlet side 30 need not be orthogonal to both of cool air 
inlet side 32 and cool air outlet side 34. In general, plate fin 
core 16 can include any configuration of hot airflow passages 
and cool air flow passages Such that hot air and cool air are 
directed through plate fin core 16 in alternating layers of hot 
and cool air. 

0016. According to techniques disclosed herein, cool air 
closure bars 20 and/or hot air closure bars 22 include an inner 
core formed of a first material having a first coefficient of 
thermal expansion and an outer cladding arranged about the 
inner core. The outer cladding can be formed of a second 
material having a second coefficient of thermal expansion. 
The first coefficient of thermal expansion can be less than the 
second coefficient of thermal expansion, thereby reducing the 
overall thermal expansion properties of the closure bar. 
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0017. As an example operation of plate fin heat exchanger 
10, hot air is received by plate fin heat exchanger 10 via hot air 
inlet 12 from a hot air source, such as engine bleed air from a 
gas turbine engine. The hot air received via hot air inlet 12 is 
directed toward hot air inlet side 28 of plate fin core 16 by hot 
air inlet manifold 13. Cool air closure bars 20, arranged at hot 
air inlet side 28 of plate fin core 16, seal cool airflow passages 
26 from ingress of the hot air, thereby directing the hot air into 
hot airflow passages 24 (i.e., an alternating set of airpassages 
ofplate fin core 16). Accordingly, hot airflows through hot air 
flow passages 24 of plate fin core 16 along hot air flow path 
36. Hot air exiting hot air outlet side 30 is collected by hot air 
outlet manifold 15 and directed throughhotair outlet 14. Cool 
air is received by plate fin heat exchanger 10 via a cool air inlet 
(not illustrated) from a cool air source. Such as ram air accu 
mulated from an aircraft. The cool air is directed toward cool 
air inlet side 32 of plate fin core 16 by, for example, a cool air 
manifold. Hotair closure bars 22 seal hot airflow passages 24 
from ingress of the cool air, thereby directing the cool air into 
cool airflow passages 26 (i.e., an alternating set of passages of 
plate fin core 16 that is complementary to the set of hot air 
flow passages 24). As such, cool air flows through cool air 
flow passages 26 of plate fin core 16 along cool air flow path 
38 and exits plate fin core 16 at cool air outlet side 34. 
0018. In operation, heat transfers between the alternating 
sets of hot airflow passages 24 and cool air flow passages 26 
via heat transfer plates 18 that separate the layers. Hot air fins 
19 disposed within hot airflow passages 24, and cool airflow 
fins 21 disposed within cool airflow passages 26 enhance heat 
transfer between the layers. Cool air closure bars 20 and/or 
hot air closure bars 22 include an inner core formed of a 
material (e.g., titanium) that has a lower coefficient of thermal 
expansion than a material that forms an outer cladding 
arranged about the core (e.g., aluminum), as is further 
described below. Accordingly, the inner core lowers the over 
all thermal expansion properties of cool air closure bars 20 
and/or hot air closure bars 22, thereby decreasing a rate and/or 
amount of physical thermal expansion of cool air closure bars 
20 and/or hot air closure bars 22. In this way, cool air closure 
bars 20 and/or hot air closure bars 22 can reduce physical 
stress on components of plate fin heat exchanger 10 and/or 
damage to the components (e.g., crushing of heat transfer fins 
disposed between heat transfer plates 18) that can result from 
rapid expansion of cool air closure bars 20 and/or hot air 
closure bars 22. 

0019 FIG. 2 is an exploded view of a portion of plate fin 
core 16 of FIG. 1. As illustrated in FIG. 2, plate fin core 16 
includes heat transfer plates 18, cool air closure bars 20, and 
hot air closure bars 22. As further illustrated, plate fin core 16 
can include hot air flow fins 19 and cool air flow fins 21 
disposed between heat transfer plates 18. Heat transfer plates 
18 are arranged in parallel to define a plurality of air passages 
there between, Such as hot air flow passages 24 and cool air 
flow passages 26. Cool air closure bars 20 are configured to be 
mounted (e.g., welded, brazed, and the like) adjacent cool air 
flow passages 26 at the hot air inlet side and hot air outlet side 
of plate fin core 16 to seal cool air flow passages 26 from 
ingress of hot air, thereby directing hot air received from a hot 
air source through hot air flow passages 24. Hot air closure 
bars 22 are configured to be mounted (e.g., welded, brazed, 
and the like) adjacent hot air flow passages 24 at the cool air 
inlet side and cool air outlet side of plate fin core 16 to seal hot 
airflow passages 24 from ingress of coolair, thereby directing 
cool air received from a cool air source through cool air flow 
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passages 26. While the example illustration of FIG.2 includes 
one cool air closure bar 20 and one hot air closure bar 22, it 
should be understood that plate fin core 16 can include mul 
tiple such cool air closure bars 20 and hot air closure bars 22. 
For instance, as illustrated in FIG. 1, plate fin core 16 can 
include multiple cool air closure bars 20 disposed at alternat 
ing air flow passages of both a hot air inlet side (e.g., hot air 
inlet side 28 of FIG. 1) and a hot air outlet side (e.g., hot air 
outlet side 30 of FIG. 1) of plate fin core 16. Similarly, plate 
fin core 16 can include multiple hot air closure bars 22 dis 
posed at alternating flow passages of both a cool air inlet side 
(e.g., cool air inlet side 32 of FIG. 1) and a cool air outlet side 
(e.g., cool air outlet side 34 of FIG. 1) of plate fin core 16. 
0020. As illustrated, hot air flow fins 19 and cool air flow 
fins 21 can each be formed of a corrugated sheet of material 
and oriented in a direction of flow within a respective air flow 
passage. For instance, hot air flow fins 19 can be oriented 
within hot air flow passages 24 such that folds in the corru 
gation are oriented in a direction of hot airflow throughhotair 
flow passages 24. Cool airflow fins 21 can be oriented within 
cool airflow passages 26 Such that folds in the corrugation are 
orientated in a direction of cool airflow through cool air flow 
passages 26. 
0021. As further described below, cool air closure bars 20 
and/or hot air closure bars 22 can include an inner core 
formed of a first material (e.g., titanium) that has a lower 
coefficient of thermal expansion than a material that forms a 
cladding (e.g., aluminum) arranged about the inner core. The 
inner core can reduce the rate and/or amount of thermal 
expansion (e.g., Volumetric and/or linear expansion) of cool 
air closure bars 20 and/or hot air closure bars 22 when sub 
jected to hot air flow, thereby reducing stress and/or damage 
to components of plate fin core 16 resulting from Such expan 
sion of the closure bars (e.g., crushing of hot air flow fins 19 
and/or cool air flow fins 21). 
0022 FIG. 3 is a side view of a closure bar for a plate fin 
heat exchanger, in accordance with one or more aspects of 
this disclosure. As illustrated in FIG. 3, closure bar 44 
includes inner core 46 and outer cladding 48. Inner core 46 
can be formed of a first material having a first coefficient of 
thermal expansion. Examples of the first material of the inner 
core can include titanium, nickel, platinum, or other materi 
als. Outer cladding 48 can be formed of a second material, 
different than the first material of inner core 46. Examples of 
the second material of the outer cladding can include alumi 
num, stainless Steel, or other materials. The second material 
can have a second coefficient of thermal expansion. The first 
coefficient of thermal expansion of inner core 46 can be less 
than the second coefficient of thermal expansion of outer 
cladding 48. In certain examples, the second material that 
forms outer cladding 48 can be the same material as a material 
that forms a housing of the plate fin core. In some examples, 
the second material that forms outer cladding 48 can be a 
material that has a melting point that is within a threshold 
temperature range of a melting point of the material that 
forms a housing of the plate fin core (e.g., ten degrees Celsius, 
twenty degrees Celsius, fifty degrees Celsius, or other thresh 
old amounts), thereby enabling attachment of closure bar 44 
via attachment techniques such as welding, brazing, or other 
Such techniques. In general, inner core 46 can be formed of 
any material that has a lower coefficient of thermal expansion 
than the material that forms outer cladding 48. In this way, 
inner core 46 can lower the overall thermal expansion prop 
erties of closure bar 44, thereby reducing the volumetric 
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and/or linear physical thermal expansion of closure bar 44 
when closure bar 44 is subjected to hot flow. 
0023. As illustrated in FIG. 3, closure bar 44 has closure 
bar length 50 extending from first closure bar end 52 to 
second closure bar end 54 and defining a major axis (i.e., an 
axis having greatest length) of closure bar 44. Inner core 46 
has inner core length 56 extending from first inner core end 
58, proximate first closure bar end 52, to second inner core 
end 60, proximate second closure bar end 54. As illustrated, 
inner core length 56 can be less than closure bar length 50. 
Such that outer cladding 48 is arranged about inner core 46 
and circumscribes inner core 46 along the major axis from 
first closure bar end 52 to second closure bar end 54. 
0024. In some examples, inner core 46 can taper from a 
maximum width toward at least one of first inner core end 58 
and second inner core end 60. For example, as illustrated in 
FIG.3, inner core 46 can taper along taper length 62 to a point. 
In other examples, inner core 46 can taper from a maximum 
width to a non-zero minimum width. The taper from the 
maximum width toward at least one of first inner core end 58 
and second inner core end 60 can help to Smooth a transition 
of thermal expansion properties of closure bar 44. Such that 
reduced thermal expansion properties of closure bar 44 pro 
vided by inner core 46 do not abruptly change within closure 
bar 44. 
0025 FIG. 4 is a cross-sectional view along section A-A of 
FIG. 3. As illustrated in FIG.4, closure bar 44 includes inner 
core 46 and outer cladding 48. Closure bar 44 has closure bar 
width 64 extending from first closure bar minor face 66 to 
second closure bar minor face 68 (i.e., minor faces having less 
area than an area of a major face of closure bar 44) and 
defining a first minor axis of closure bar 44 (i.e., an axis 
having less than the greatest length of the axes of closure bar 
44). Closure bar 44 has thickness 70 extending from first 
closure bar major face 72 to second closure bar major face 74 
and defining a second minor axis of the closure bar. Inner core 
46 has inner core width 76 extending from first inner core 
minor face 78 to second inner core minor face 80. 
0026. In some examples, such as the illustrated example of 
FIG. 4, inner core width 76 can be greater than half of closure 
bar width 64, such that inner core 46 forms greater than half 
ofa width and/or volume of closure bar 44. In other examples, 
inner core width 76 can be less than half of closure bar width 
64. In certain examples, as illustrated in FIG.4, a thickness of 
inner core 46 can extend from first closure bar major face 72 
to second closure bar major face 74. Such that a thickness of 
inner core 46 is the same as (e.g., equal to) thickness 70 of 
closure bar 44. In this way, outer cladding 48 can be arranged 
about inner core 46 to circumscribe inner core 46 along a 
major axis of closure bar 44 (e.g., a length of closure bar 44) 
and not to circumscribe inner core 46 about the major faces of 
closure bar 44. In other examples, outer cladding 48 can be 
arranged about inner core 46 to Surround inner core 46 about 
each of the faces of inner core 46, thereby enclosing inner 
core 46 within outer cladding 48 (not illustrated). 
0027. The following are non-exclusive descriptions of 
embodiments of the present disclosure. 
0028. A plate fin heat exchanger is configured to receive 
hot flow from a hot source and to receive cool flow from a cool 
Source. The plate fin heat exchanger includes a plurality of 
plates arranged in parallel to define a plurality of flow pas 
sages there between. The plate fin heat exchanger further 
includes a first set of closure bars arranged at a first side of the 
plurality of plates to seal a first set of the plurality of flow 
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passages against ingress of the hot flow, thereby directing the 
hot flow into a second set of the plurality of flow passages. 
Each respective closure bar of the first set of closure bars 
includes an inner core formed of a first material having a first 
coefficient of thermal expansion, and an outer cladding 
arranged about the inner core. The outer cladding is formed of 
a second material having a second coefficient of thermal 
expansion. The first coefficient of thermal expansion is less 
than the second coefficient of thermal expansion. 
0029. The plate fin heat exchanger of the preceding para 
graph can optionally include, additionally and/or alterna 
tively, any one or more of the following features, configura 
tions, and/or additional components: 
0030 The plate fin heat exchanger may further include a 
second set of closure bars arranged at a second side of the 
plurality of plates to seal the second set of the plurality of flow 
passages againstingress of the cool flow, thereby directing the 
cool flow into the first set of the plurality of flow passages. 
0031. Each respective closure bar of the second set of 
closure bars may comprise an inner core formed of the first 
material having the first coefficient of thermal expansion and 
an outer cladding arranged about the inner core, the outer 
cladding formed of the second material having the second 
coefficient of thermal expansion. 
0032. The first set of the plurality of flow passages and the 
second set of the plurality of flow passages may comprise 
alternating sets of the plurality of flow passages. 
0033. The plate fin heat exchanger may further include a 
plurality of heat transfer structures disposed between each of 
the plurality of plates and within each of the plurality of 
defined flow passages. Each of the plurality of heat transfer 
structures may be oriented in a flow direction of the respective 
flow passage. 
0034 Each of the plurality of heat transfer structures may 
comprise a plurality of heat transfer fins. 
0035 Each of the plurality of heat transfer fins may be 
formed of a corrugated sheet of the second material. 
0036. The first side of the plurality of plates may be 
orthogonal to the second side of the plurality of plates. 
0037. The first material may comprise titanium. 
0038. The second material may comprise aluminum. 
0039. A maximum width of the inner core of each respec 

tive closure bar of the first set of closure bars may be greater 
than half of a width of the respective closure bar. 
0040. The inner core of each respective closure bar of the 

first set of closure bars may taper from a maximum width of 
the inner core toward at least one of a first and second end of 
the inner core. 
0041 Alength of each respective closure bar of the first set 
of closure bars may be greater than a length of the inner core 
of the respective closure bar. 
0042. A thickness of the outer cladding of each respective 
closure bar of the first set of closure bars may be equal to a 
thickness of the inner core of the respective closure bar. 
0043. The plate fin heat exchanger may further include an 
outer housing that encloses the plurality of plates. The outer 
housing may be formed of the second material. 
0044. A closure bar for a plate fin heat exchanger includes 
a first length defining a major axis of the closure bar extending 
from a first end of the closure bar to a second end of the 
closure bar, a first width defining a first minor axis of the 
closure bar extending from a first minor face of the closure bar 
to a second minor face of the closure bar, and a first thickness 
defining a second minor axis of the closure bar extending 
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from a first major face of the closure bar to a second major 
face of the closure bar. The closure bar further includes an 
inner core formed of a first material having a first coefficient 
of thermal expansion. The inner core has a second length, less 
than the first length of the closure bar, extending from a first 
end of the inner core proximate the first end of the closure bar 
to a second end of the inner core proximate the second end of 
the closure bar. The closure bar further includes an outer 
cladding formed of a second material having a second coef 
ficient of thermal expansion and arranged about the inner core 
to circumscribe the inner core about the major axis of the 
closure bar. 

0045. The closure bar for the plate fin heat exchanger of 
the preceding paragraph can optionally include, additionally 
and/or alternatively, any one or more of the following fea 
tures, configurations, and/or additional components: 
0046. The first material may comprise titanium. The sec 
ond material may comprise aluminum. 
0047. The inner core may have a second thickness equal to 
the first thickness of the closure bar and extending from the 
first major face of the closure bar to the second major face of 
the closure bar along the second minor axis of the closure bar. 
0048. A maximum width of the inner core extending along 
the first minor axis of the closure bar may be greater than half 
of the first width of the closure bar. 

0049. The inner core may taper from a maximum width of 
the inner core toward each of the first and second ends of the 
closure bar. 

0050. While the invention has been described with refer 
ence to an exemplary embodiment(s), 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 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment(s) 
disclosed, but that the invention will include all embodiments 
falling within the scope of the appended claims. 

1. A plate fin heat exchanger configured to receive hot flow 
from a hot source and to receive cool flow from a cool source, 
the plate fin heat exchanger comprising: 

a plurality of plates arranged in parallel to define a plurality 
of flow passages there between; and 

a first set of closure bars arranged at a first side of the 
plurality of plates to seal a first set of the plurality of flow 
passages against ingress of the hot flow, thereby direct 
ing the hot flow into a second set of the plurality of flow 
passages, 

wherein each respective closure bar of the first set of clo 
Sure bars comprises: 
an inner core formed of a first material having a first 

coefficient of thermal expansion; and 
an outer cladding arranged about the inner core, the 

outer cladding formed of a second material having a 
second coefficient of thermal expansion, wherein the 
first coefficient of thermal expansion is less than the 
second coefficient of thermal expansion. 

2. The plate fin heat exchanger of claim 1, further compris 
ing: 

a second set of closure bars arranged at a second side of the 
plurality of plates to seal the second set of the plurality of 
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flow passages against ingress of the cool flow, thereby 
directing the cool flow into the first set of the plurality of 
flow passages. 

3. The plate fin heat exchanger of claim 2, 
wherein each respective closure bar of the second set of 

closure bars comprises: 
an inner core formed of the first material having the first 

coefficient of thermal expansion; and 
an outer cladding arranged about the inner core, the 

outer cladding formed of the second material having 
the second coefficient of thermal expansion. 

4. The plate fin heat exchanger of claim 2, wherein the first 
set of the plurality of flow passages and the second set of the 
plurality of flow passages comprise alternating sets of the 
plurality of flow passages. 

5. The plate fin heat exchanger of claim 2, further compris 
ing a plurality of heat transfer structures disposed between 
each of the plurality of plates and within each of the plurality 
of defined flow passages, wherein each of the plurality of heat 
transfer structures is oriented in a flow direction of the respec 
tive flow passage. 

6. The plate fin heat exchanger of claim 5, wherein each of 
the plurality of heat transfer structures comprises a plurality 
of heat transfer fins. 

7. The plate fine heat exchanger of claim 6, wherein each of 
the plurality of heat transfer fins is formed of a corrugated 
sheet of the second material. 

8. The plate fin heat exchanger of claim 2, wherein the first 
side of the plurality of plates is orthogonal to the second side 
of the plurality of plates. 

9. The plate fin heat exchanger of claim 1, wherein the first 
material comprises titanium. 

10. The plate fin heat exchanger of claim 1, wherein the 
second material comprises aluminum. 

11. The plate fin heat exchanger of claim 1, wherein a 
maximum width of the inner core of each respective closure 
bar of the first set of closure bars is greater than half of a width 
of the respective closure bar. 

12. The plate fin heat exchanger of claim 1, wherein the 
inner core of each respective closure bar of the first set of 
closure bars tapers from a maximum width of the inner core 
toward at least one of a first and second end of the inner core. 

13. The plate fin heat exchanger of claim 1, wherein a 
length of each respective closure bar of the first set of closure 
bars is greater than a length of the inner core of the respective 
closure bar. 
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14. The plate fin heat exchanger of claim 1, wherein a 
thickness of the outer cladding of each respective closure bar 
of the first set of closure bars is equal to a thickness of the 
inner core of the respective closure bar. 

15. The plate fin heat exchanger of claim 1, further com 
prising an outer housing that encloses the plurality of plates, 
wherein the outer housing is formed of the second material. 

16. A closure bar for a plate fin heat exchanger comprising: 
a first length defining a major axis of the closure bar 

extending from a first end of the closure bar to a second 
end of the closure bar; 

a first width defining a first minor axis of the closure bar 
extending from a first minor face of the closure bar to a 
second minor face of the closure bar; 

a first thickness defining a second minor axis of the closure 
bar extending from a first major face of the closure bar to 
a second major face of the closure bar; 

an inner core formed of a first material having a first coef 
ficient of thermal expansion, the inner core having a 
second length, less than the first length of the closure bar, 
extending from a first end of the inner core proximate the 
first end of the closure bar to a second end of the inner 
core proximate the second end of the closure bar, and 

an outer cladding formed of a second material having a 
second coefficient of thermal expansion and arranged 
about the inner core to circumscribe the inner core about 
the major axis of the closure bar. 

17. The closure bar of claim 16, wherein the first material 
comprises titanium, and wherein the second material com 
prises aluminum. 

18. The closure bar of claim 16, wherein the inner core has 
a second thickness equal to the first thickness of the closure 
bar and extending from the first major face of the closure bar 
to the second major face of the closure bar along the second 
minor axis of the closure bar. 

19. The closure bar of claim 16, whereina maximum width 
of the inner core extending along the first minor axis of the 
closure bar is greater than half of the first width of the closure 
bar. 

20. The closure bar of claim 16, wherein the inner core 
tapers from a maximum width of the inner core toward each 
of the first and second ends of the closure bar. 
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