
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

49
2 

85
8

A
1

TEPZZ¥49 858A_T
(11) EP 3 492 858 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
05.06.2019 Bulletin 2019/23

(21) Application number: 18209933.3

(22) Date of filing: 03.12.2018

(51) Int Cl.:
F28F 9/02 (2006.01) F28D 1/053 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 01.12.2017 US 201762593413 P

(71) Applicant: United Technologies Corporation
Farmington, CT 06032 (US)

(72) Inventor: McCAFFREY, Michael G.
Windsor, CT Connecticut 06095 (US)

(74) Representative: Dehns
St. Brides House 
10 Salisbury Square
London EC4Y 8JD (GB)

(54) HEAT EXCHANGER LOW PRESSURE LOSS MANIFOLD

(57) A heat exchanger (10) includes a plurality of flow
passages (18) in thermal contact with a cooling flow (24).
The plurality of flow passages (18) include a first end and
a second end. An inlet manifold (12) is at the first end of
the plurality of flow passages (18). The inlet manifold (12)

includes a plurality of independent splitter passages that
communicate airflow (22) to the first end of the plurality
of flow passages (18). An exhaust manifold (14) is at the
second end of the plurality of flow passages (18).



EP 3 492 858 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] A heat exchanger includes inlet structures that
distribute flow from a circular conduit into one or many
smaller flow passages. High initial total pressure with the
inlet manifold is desired to be maintained, with minimal
loss, through the heat exchanger and out the exit mani-
fold. Flow Velocity within the relative large spaces pro-
vided by the manifold are relatively low compared to air-
flow velocities desired within the smaller flow passages
where thermal transfer occurs. Higher airflow velocities
through the flow passages increase thermal transfer ef-
ficiencies. Pressure losses between the conduit, mani-
fold and the smaller flow passages can be substantial
and reduce airflow velocity and thereby thermal transfer
efficiencies. Moreover, upon exiting the flow passages,
the airflow expands into the larger space that generates
further pressure losses. The combined pressure losses
at the inlet and the outlet reduce thermal efficiencies and
require structurally larger heat exchangers to accommo-
date increased demands.
[0002] Turbine engine manufactures utilize heat ex-
changers throughout the engine to cool and condition
airflow for cooling and other operational needs. Turbine
engine improvements have enabled increases in opera-
tional temperatures and pressures. The increases in tem-
peratures and pressures improve engine efficiency but
also increase demands on all engine components includ-
ing heat exchangers.
[0003] Turbine engine manufacturers continue to seek
further improvements to engine performance including
improvements to thermal transfer and propulsive efficien-
cies.

SUMMARY

[0004] In one aspect, a heat exchanger includes a plu-
rality of flow passages in thermal contact with a cooling
flow. The plurality of flow passages include a first end
and a second end. An inlet manifold is at the first end of
the plurality of flow passages. The inlet manifold includes
a plurality of independent splitter passages that commu-
nicate airflow to the first end of the plurality of flow pas-
sages. An exhaust manifold is at the second end of the
plurality of flow passages.
[0005] In an embodiment according to the above, each
of the plurality of splitter passages include a flow area
between an inlet of the inlet manifold and an outlet of the
inlet manifold into the first end of the plurality of passages
that are the same.
[0006] In another embodiment according to any of the
above, a ratio between an area of the inlet and an area
of the outlet of each of the plurality of splitter passages
is between 1.5 and 5.
[0007] In another embodiment according to any of the
above, the inlet includes a circular shape in cross-section

and is divided into passage inlets of equal area that cor-
respond with each of the plurality of splitter passages.
[0008] In another embodiment according to any of the
above, each of the passage inlets are pie-shaped in
cross-section.
[0009] In another embodiment according to any of the
above, each of the passage inlets are circular shaped in
cross-section.
[0010] In another embodiment according to any of the
above, the outlet includes a rectangular shape in cross-
section and is divided into passage outlets of equal area
that correspond with the plurality of splitter passages.
[0011] In another embodiment according to any of the
above, each of the passage outlets is in communication
with more than one of the plurality of flow passages.
[0012] In another embodiment according to any of the
above, each of the plurality of splitter passages includes
a smooth curved passage without interruption between
the inlet and the outlet.
[0013] In another embodiment according to any of the
above, the exhaust manifold includes an inlet portion at
the second end of the plurality of flow passages and an
outlet portion. The exhaust manifold includes a plurality
of exhaust passages defining separate flow passages
between the inlet portion and the outlet portion.
[0014] In another embodiment according to any of the
above, the inlet portion is divided into a plurality of rec-
tangular inlets corresponding with the second end of the
plurality of flow passages.
[0015] In another embodiment according to any of the
above, each of the outlet portions includes a plurality of
outlets having one of a pie-shaped cross-section and cur-
vilinear shaped cross-section.
[0016] In another aspect, a method of forming a man-
ifold for a heat exchanger includes creating a plurality of
core sections that define a passageway between an inlet
and an outlet. Each of the plurality of core sections define
a common inlet area and outlet area for the passageway.
A mold cavity is defined to receive the core sections that
defines an outer shape of the manifold. The plurality of
core sections is molded within the mold cavity to encase
the core sections within a casting material. The core sec-
tions are removed from the casting material.
[0017] In an embodiment according to the above, each
of the core sections defines an area ratio between the
inlet and the outlet of between 1.5 and 5.
[0018] In another embodiment according to any of the
above, the core sections define the inlet as one of a pie-
shaped and a curvilinear shape in cross-section.
[0019] In another embodiment according to any of the
above, each of the core sections define a smooth curved
passage without interruption between the inlet and the
outlet.
[0020] In another embodiment according to any of the
above, the plurality of core sections together define a
circular inlet in cross-section.
[0021] In another embodiment according to any of the
above, the core defines a substantially rectangular outlet
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in cross-section.
[0022] Although the different examples have the spe-
cific components shown in the illustrations, embodiments
of this disclosure are not limited to those particular com-
binations. It is possible to use some of the components
or features from one of the examples in combination with
features or components from another one of the exam-
ples.
[0023] These and other features disclosed herein can
be best understood from the following specification and
drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Figure 1 is a schematic view of an example heat
exchanger embodiment.
Figure 2 is a perspective view of an example plate
of the example heat exchanger.
Figure 3 is a perspective view of an example intake
manifold embodiment.
Figure 4 is a schematic cross section of a passage
of the example intake manifold.
Figure 5 is a schematic view of an outlet for the ex-
ample intake manifold.
Figure 6 is a schematic view of an inlet passage for
the example intake manifold.
Figure 7 is a schematic view of an example exhaust
manifold.
Figure 8 is a cross-sectional view of an inlet for the
example heat exchanger.
Figure 9 is a cross-sectional view of an example out-
let for the example heat exchanger.
Figure 10 is a cross-sectional view of another em-
bodiment of an example inlet for the heat exchanger.
Figure 11 is a cross-sectional view of yet another
example embodiment of an intake for the example
intake manifold.
Figure 12 is perspective view of another example
intake manifold embodiment.
Figure 13 is a perspective view of an outlet for the
example intake manifold of Figure 12.
Figure 14 is a schematic view of a method of creating
and casting an example intake manifold according
to the disclosed embodiments.

DETAILED DESCRIPTION

[0025] Referring to Figures 1 and 2, a disclosed heat
exchanger 10 includes an intake manifold 12 and an ex-
haust manifold 14. The intake manifold 12 is disposed
on a first end 32 of a plurality of plates 16 with a limited
number identified in Figure 1. The exhaust manifold 14
is disposed on a second end 34 of the plurality of plates
16. The intake manifold 12 defines an inlet 26 that com-
municates a first flow 22 to the first end 32 of the plates
16. Each of the plates 16 includes a first flow passage

18 between the first end 32 and the second end 34. The
plates 16 also define a second flow path 20 for cooling
airflow. The second flow path 20 is comprised of a plu-
rality of fins 30 that extend upward from an outer surface
of each of the plates 16.
[0026] Airflow 22 through the first flow passage 18 is
placed in thermal contact with the cooling airflow 24
through the second flow path 20. The disclosed example
plate 16 comprises a single unitary part that provides for
thermal communication between the inlet flow 22 and the
cooling airflow 24. It should be understood that it is within
the contemplation of this disclosure that other plate con-
figurations or other heat exchanger configurations could
be utilized, benefit from this disclosure, and are within
the contemplation of this disclosure.
[0027] Referring to Figures 3 and 4 with continued ref-
erence to Figures 1 and 2, the airflow 22 is of a hotter
temperature and flows through the first flow passage 18
defined by the plate 16. Cooled flow 36 exits through the
exhaust manifold outlet 28. Both the intake manifold 12
and the exhaust manifold 14 includes a plurality of sep-
arate splitter passages 38 defined within a housing 52
between an inlet that receives flow and an outlet that
distributes a flow to the plurality of flow passages 18. In
the case of the exhaust manifold, the exhaust manifold
receives airflow from the first flow passage 18 defined
within the plates 16 and transitions that flow into the cir-
cular outlet 28. In the case of the inlet manifold 12, the
inlet flow 22 flows through a substantially circular inlet
and is divided evenly to provide a smooth uniform flow
path to each of the first flow passages 18. It should be
understood that although the intake manifold 12 is de-
scribed by way of example in this disclosure, that the
same features are also applicable to the exhaust mani-
fold 14.
[0028] Referring to Figures 3, 4, 5 and 6, the example
intake manifold 12 includes the inlet 26 and an outlet 40.
The outlet 40 distributes airflow to a plurality of first ends
32 of a corresponding plurality of the plates 16. The split-
ter passages 38 define a flow path between the inlet 26
and the outlet 40. The splitter passages 38 include
smooth curved walls 50 reduce disruptions that may cre-
ate turbulence and inefficient airflows. Each of the splitter
passages 38 include smooth walls 50 along the curved
passage without interruption between the inlet 26 and
outlet 40. It should be understood, that surface treat-
ments and/or surface features 55 may be added to the
smooth walls 50, to assist the turning of the flow, within
the passage 38. The smooth walls 50 may include sur-
face features 55 that assist in turning of flow within the
passage 38. The surface features 55 may include vortex
generating structures such as dimples and local areas
of increased roughness relative to the smooth walls 50.
The surface features 55 can be utilized in regions of
where flow might separate from the walls 50 and cause
aerodynamic disturbances that reduce flowrate.
[0029] The inlet 26 is divided into a plurality of inlet
portions 42 that include a cross sectional area 46. The
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outlet 40 is divided into a plurality of outlet portions 44
that include an area 48. In one example embodiment, a
ratio between the inlet area 46 and the outlet area 48 is
within a range between 1.5 and 5. Each of the inlet por-
tions 42 are of an equal area and disposed within the
cross section of the inlet 26.
[0030] Referring to Figure 7, the disclosed exhaust
manifold 14 is substantially the same as the intake man-
ifold 12 except reversed such that airflow exiting through
second ends 34 of the plurality of plates 16 enters a rec-
tangular inlet portion and exits through the circular outlet
28. The splitter passages 38 include a common flow vol-
ume between the inlet 26 and the outlet 40. The exhaust
manifold 14 includes exhaust passages 56 that, like pas-
sages 38, are of an equal flow area from the inlet portion
to the outlet 28. The inlet portion is divided into a plurality
of rectangular inlets 54. The outlet 28 is divided into a
plurality of outlet portions 58 having a pie-shaped cross-
section. The outlet portions 58 may also be of other cur-
vilinear shapes in cross-section corresponding to each
of the exhaust passages 56.
[0031] Referring to Figure 8 with continued reference
to Figures 3-6, the example inlet 26 is a circular shape
in cross section and is subdivided into six separate inlet
portions 42. Each of the inlet portions 42 are of a sub-
stantially equal area and communicate independently
with a corresponding passage 38. In this example, each
of the inlet portions 42 are substantially pie shaped (or
sector-shaped) in cross section and subdivide the circu-
lar cross section 26 of the inlet into six separate inlet
portions 42 that communicate with different correspond-
ing splitter passages 38.
[0032] Referring to Figure 9, the example outlet 40 in-
cludes a plurality of outlet portions 44 that are substan-
tially rectangular. The rectangular orientation and cross
sectional shape matches the inlet shape for the plate 16.
It should be appreciated that other shapes of the outlet
openings 44 could be utilized to correspond with shapes
of the inlets to each of the plates 16. Moreover, it should
be understood that each of the outlet portions 44 corre-
spond with in at least one or several of the flow passages
18.
[0033] Referring to Figure 10, another example inlet
25 is shown and includes a plurality of inlet portions 41.
In this example, the inlet 25 includes a circular cross sec-
tion and includes a plurality of subdivided inlet portions
41. Each of the inlet portions 41 is a curvilinear shape
that includes an irregularly curved shape. The different
curvilinear shapes are provided to fit within the circular
cross section of the inlet 25. Although example inlet por-
tions 41 are schematically shown, other regular and ir-
regularly shaped inlet portions 41 could be utilized and
are within the contemplation of this disclosure. In this
example, the inlet portions 41 are substantially identical
in area while not identical in shape and provide smoothed
shape to transition into each corresponding splitter pas-
sages 38.
[0034] Referring to Figure 11, another example inlet

27 is substantially circular and divided into rectangular
inlet portions 43. Each of the rectangular inlet portions
43 correspond with one of the corresponding splitter pas-
sages 38.
[0035] Referring to Figures 12 and 13, another exam-
ple intake manifold 60 is shown and includes an inlet 62
that is subdivided into different inlet portions 66. The man-
ifold 60 includes a housing 68 that defines a plurality of
separate passages 74 that extend from the inlet 62 to
the outlet 64. The passages 74 define a single unitary
smoothly curved passage that reduces pressure losses.
The inlet 62 includes separate inlet portions 66 and the
outlet 64 includes separate outlet portions 72. The ex-
ample housing 68 including the inlet 62 and the outlet 64
is a single unitary structure without seams or joints be-
tween different portions.
[0036] In this example, the outlet 64 includes flanges
70. The flanges 70 are attached to the intake manifold
60 and enable securement to the plates 16 or to support-
ing structures utilized to support the heat exchanger 60
in operation. The flanges 70 are shown as a separate
feature from the housing 68, but also may be an integrally
formed as a portion of the housing 68.
[0037] Referring to Figure 14, a method of creating one
of the disclosed manifolds 12, 14 and 60 includes a cast-
ing operation where a core assembly 76 is utilized to
define each of the individual flow splitter passages 38
(Figure 4). In this example, the core assembly 76 includes
a plurality of passage defining structures 78A-F. Each of
the passage defining structures 78A-F includes an inlet
portion 80A-F and an outlet portion 82A-F.
[0038] The core assembly 76 is inserted into a mold
84 that defines a cavity 86. The cavity 86 defines outer
surface features of a completed intake manifold. During
operation, a casting material 88 is injected into the mold
84 and filled around the core assembly 76 to define the
completed part. The cast part is then removed from the
mold 84. The core assembly 76 is than removed accord-
ing to known procedure and processes to provide a com-
pleted intake manifold 90. Additional finishing steps may
be required to finalize the intake manifold 90 such as for
example, polishing, machining, coating and other finish-
ing processes as are known. Additionally, flange 70 may
be added if not part of the cast manifold 90.
[0039] The example disclosed manifolds includes fea-
tures to limit pressure losses and improve thermal trans-
fer efficiencies. Moreover, each of the manifolds includes
features that enable airflow velocities to be increased to
improve thermal transfer efficiencies.
[0040] Although an example embodiment has been
disclosed, a worker of ordinary skill in this art would rec-
ognize that certain modifications would come within the
scope of this disclosure. For that reason, the following
claims should be studied to determine the scope and
content of this disclosure.

5 6 



EP 3 492 858 A1

5

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A heat exchanger (10) comprising:

a plurality of flow passages (18) in thermal con-
tact with a cooling flow (24), the plurality of flow
passages (18) including a first end (32) and a
second end (34);
an inlet manifold (12; 60) at the first end (32) of
the plurality of flow passages (18), the inlet man-
ifold (12; 60) including a plurality of independent
splitter passages (38; 74) that communicate air-
flow (22) to the first end (32) of the plurality of
flow passages (18); and
an exhaust manifold (14) at the second end (34)
of the plurality of flow passages (18).

2. The heat exchanger (10) as recited in claim 1, where-
in each of the plurality of splitter passages (38; 74)
includes a flow volume between an inlet (25; 26; 27;
62) of the inlet manifold (12; 60) and an outlet (40;
64) of the inlet manifold (12; 60) into the first end (32)
of the plurality of passages (18) that are the same.

3. The heat exchanger (10) as recited in claim 2, where-
in a ratio between an area (46) of the inlet (25; 26;
27; 62) and an area (48) of an outlet (44) of each of
the plurality of splitter passages (38; 74) is between
1.5 and 5.

4. The heat exchanger (10) as recited in claim 2 or 3,
wherein the inlet (25; 26; 27; 62) comprises a circular
shape in cross-section and is divided into passage
inlets (41; 42; 43) of equal area that correspond with
each of the plurality of splitter passages (38; 74).

5. The heat exchanger (10) as recited in claim 4, where-
in each of the passage inlets (41; 42; 43) are pie-
shaped or curvilinear-shaped in cross-section.

6. The heat exchanger (10) as recited in any of claims
2 to 5, wherein the outlet (40; 64) comprises a rec-
tangular shape in cross-section and is divided into
passage outlets (44; 72) of equal area that corre-
spond with the plurality of splitter passages (38; 74).

7. The heat exchanger (10) as recited in claim 6, where-
in each of the passage outlets (44; 72) is in commu-
nication with more than one of the plurality of flow
passages (18).

8. The heat exchanger (10) as recited in any of claims
2 to 7, wherein each of the plurality of splitter pas-
sages (38; 74) comprises a smooth curved passage
(50) without interruption between the inlet (25; 26;
27; 62) and the outlet (40; 64).

9. The heat exchanger (10) as recited in any preceding

claim, wherein the exhaust manifold (14) includes
an inlet portion at the second end (34) of the plurality
of flow passages (18) and an outlet portion (28), and
the exhaust manifold (14) includes a plurality of ex-
haust passages (56) between the inlet portion and
the outlet portion (28).

10. The heat exchanger (10) as recited in claim 9, where-
in the inlet portion is divided into a plurality of rec-
tangular inlets (54) corresponding with the second
end (34) of the plurality of flow passages (18).

11. The heat exchanger (10) as recited in claim 9 or 10,
wherein the outlet portion (28) comprises a plurality
of outlets (58) having a pie-shaped cross-section or
a curvilinear shaped cross-section.

12. A method of forming a manifold (12; 14; 60) for a
heat exchanger (10) comprising:

creating a plurality of core sections (78A-F) that
define a passageway (38; 56; 74) between an
inlet (25; 26; 27; 62) and an outlet (28; 40; 64),
wherein an inlet area for each of the plurality of
core sections (78A-F) are the same and an outlet
area for each of the pluralilty of core sections
(78A-F) are the same;
defining a mold cavity (86) to receive the core
sections (78A-F) that defines an outer shape of
the manifold (12; 14; 60);
molding the plurality of core sections (78A-F)
within the mold cavity (86) to encase the core
sections (78A-F) within a casting material (88);
and
removing the core sections (78A-F) from the
casting material (88).

13. The method as recited in claim 12, wherein each of
the core sections (78A-F) defines an area ratio be-
tween the inlet (25; 26; 27; 62) and the outlet (28;
40; 64) of between 1.5 and 5.

14. The method as recited in claim 12 or 13, wherein:

the core sections (78A-F) define the inlet (25;
26; 27; 62) as pie-shaped or a curvilinear shape
in cross-section; and/or
each of the core sections (78A-F) define a
smooth curved passage (50) without interrup-
tion between the inlet (25; 26; 27; 62) and the
outlet (28; 40; 64).

15. The method as recited in any of claims 12 to 14,
wherein:

the plurality of core sections (78A-F) together
define a circular inlet (25; 26; 27; 62) in cross-
section; and/or

7 8 



EP 3 492 858 A1

6

5

10

15

20

25

30

35

40

45

50

55

the plurality of core sections (78A-F) together
define a substantially rectangular outlet in cross-
section.
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