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Description

BACKGROUND

[0001] A heat exchanger includes adjacent flow paths
that transfer heat from a hot flow to a cooling flow. The
flow paths are defined by a combination of plates and
fins that are arranged to transfer heat from one flow to
another flow. Thermal gradients present in the sheet ma-
terial create stresses that can be very high in certain lo-
cations. Increasing temperatures and pressures can re-
sult in stresses on the structure that can exceed material
and assembly capabilities.
[0002] Turbine engine manufactures utilize heat ex-
changers throughout the engine to cool and condition
airflow for cooling and other operational needs. Improve-
ments to turbine engines have enabled increases in op-
erational temperatures and pressures. The increases in
temperatures and pressures improve engine efficiency
but also increase demands on all engine components
including heat exchangers.
[0003] Turbine engine manufacturers continue to seek
further improvements to engine performance including
improvements to thermal, transfer and propulsive effi-
ciencies.

SUMMARY

[0004] In a featured embodiment, a heat exchanger
assembly includes an inlet manifold defining an expand-
ing area in a direction of flow; and an inlet in flow com-
munication with the inlet manifold, the inlet including a
wall for inducing a rotational inertia to flow entering the
inlet manifold.
[0005] In another embodiment according to the previ-
ous embodiment, the inlet comprises a constant cross-
sectional area over an inlet length prior to the inlet man-
ifold.
[0006] In another embodiment according to any of the
previous embodiments, the inlet comprises a pipe and
the wall comprises a plurality of walls spirally arranged
within the inlet length.
[0007] In another embodiment according to any of the
previous embodiments, the pipe is round and includes
an inner surface and the plurality of walls are disposed
transverse to the inner surface.
[0008] In another embodiment according to any of the
previous embodiments, the plurality of walls include a
height and the height is less than a width of the pipe.
[0009] In another embodiment according to any of the
previous embodiments, the plurality of walls extend
across a width of the pipe and define separate channels.
[0010] In another embodiment according to any of the
previous embodiments, the plurality of walls are contin-
uous for the entire inlet length.
[0011] In another embodiment according to any of the
previous embodiments, the plurality of walls are intermit-
tently arranged for at least a portion of the inlet length.

[0012] In another embodiment according to any of the
previous embodiments, a density of walls is uniform for
the entire inlet length.
[0013] In another embodiment according to any of the
previous embodiments, a density of walls varies within
the inlet length.
[0014] In another embodiment according to any of the
previous embodiments, a distance between the plurality
of walls in a direction parallel to a longitudinal axis and
an angle of the walls relative to the longitudinal axis and
a swirl induced into the inlet flow is determined by a com-
bination of the distance between the plurality of walls and
the angle.
[0015] In another embodiment according to any of the
previous embodiments, at least one of the distance be-
tween the plurality of walls and angle of the plurality of
walls varies over a length of the inlet.
[0016] In another featured embodiment, a heat ex-
changer assembly including an inlet manifold defining an
increasing flow area. A plate fin heat exchanger plate
includes a first end in flow communication with the inlet
manifold and including a plurality of inlet openings ar-
ranged across an inlet width. An inlet communicating flow
to the inlet manifold includes a means for inducing a spiral
flow for spreading flow through the inlet manifold across
the inlet width.
[0017] In another embodiment according to the previ-
ous embodiment, the inlet includes a uniform cross-sec-
tional flow area over an inlet length.
[0018] In another embodiment according to any of the
previous embodiments, inlet comprises a pipe and the
means for introducing a spiral inertial comprises a plu-
rality of walls spirally arranged and extending from an
interior surface of the pipe within the inlet length.
[0019] In another embodiment according to any of the
previous embodiments, the plurality of walls include a
height from the inner surface and the height that is less
than a width of the pipe.
[0020] In another embodiment according to any of the
previous embodiments, the plurality of walls extend de-
fine separate channels within the inlet.
[0021] In another featured embodiment, a method of
assembling a heat exchanger assembly includes forming
an inlet manifold to include an expanding flow area, at-
taching the inlet manifold to a plate fin heat exchanger
that includes a plurality of openings disposed across an
inlet width. Forming an inlet to include a constant flow
area and a spiral flow inducing means; and attaching the
inlet to the inlet manifold for spreading flow entering the
inlet manifold across inlet width.
[0022] In another embodiment according to the previ-
ous embodiment, the spiral flow inducing means com-
prises a plurality walls extending inward from an inner
surface that are arranged in a spiral along an inlet length.
[0023] In another embodiment according to any of the
previous embodiments, at least one of a distance be-
tween the plurality of walls in a direction common with a
longitudinal axis of the inlet and an angle of the plurality
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of walls relative to the longitudinal axis is defined to in-
duce a defined swirl component into the flow entering the
inlet manifold.
[0024] 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.
[0025] 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

[0026]

Figure 1 is a schematic view of an example heat
exchanger.
Figure 2 is a front view of an example plate fin heat
exchanger.
Figure 3 is a schematic view of prior art heat ex-
changer inlet manifold.
Figure 4 is schematic view of an example inlet man-
ifold embodiment.
Figure 5a is a cross-section of a portion of an exam-
ple inlet pipe.
Figure 5b is a cross-section of another portion of the
example inlet pipe.
Figure 5c is a cross-section of another portion of the
example inlet pipe.
Figure 6 is a side view of an interior of the example
inlet pipe.
Figure 7 is a schematic view of another example inlet
pipe embodiment.
Figure 8 is a schematic view of yet another inlet pipe
embodiment.
Figure 9 is a schematic view of still another example
inlet pipe embodiment.
Figure 10a is a schematic view of another example
inlet pipe embodiment.
Figure 10b is a schematic view of another example
inlet pipe embodiment.
Figure 10c is a schematic view of another example
inlet pipe embodiment.
Figure 11a is a cross-section through a portion of
another example inlet pipe embodiment.
Figure 11b is a cross-section through another portion
of the example inlet pipe embodiment.
Figure 11c is a cross-sectional of another portion of
an example inlet pipe embodiment.

DETAILED DESCRIPTION

[0027] Referring to Figures 1 and 2, an example heat
exchanger 10 includes an inlet manifold 12 that feeds
hot airflow 18 to a plate fin heat exchanger 14. The plate

fin heat exchanger 14 includes an inlet end 32 attached
to the inlet manifold 12 and an outlet end 34 attached to
the outlet manifold 16. The hot flow 18 is communicated
through an opening 30 of an inlet pipe 22 to the inlet
manifold 12 and thereby to the plate fin heat exchanger
14. A cooling airflow 20 flows over the plate fin heat ex-
changer 14 and accepts heat from the hot flow 18. Out-
going hot flow 18 through the exhaust outlet manifold 16
is of a cooler temperature than the hot flow 18 into the
inlet manifold 12.
[0028] The plate fin heat exchanger 14 includes a plu-
rality of internal passages schematically shown at 26 and
an outer surface including a plurality of fins 24. Each of
the passages 26 is in communication with the inlet end
32 that includes a plurality of openings 36. The openings
36 are disposed across an inlet width 28 that is in com-
munication with the inlet manifold 12.
[0029] Referring to Figure 3, a typical inlet manifold
112 receives flow from an inlet pipe 122. The flow projects
into the manifold 112 and does not expand uniformly to-
ward outer areas schematically indicated at 125. Instead,
the flow concentrates within a center region 116 of the
manifold and the corresponding center passages 126
within a heat exchanger 114. The non-uniform distribu-
tion of flow in to the heat exchanger 114 reduces heat
transfer efficiency.
[0030] Referring to Figure 4, with continued reference
to Figures 1 and 2, the disclosed example inlet manifold
12 includes a first area 40 near the inlet pipe 22 and a
second area 42 near the inlet end 32. The first area 40
is much smaller than the second area 42. Accordingly,
the inlet manifold 12 includes an expanding cross-sec-
tional flow area in a direction towards the plate fin heat
exchanger 14 inlet end 32. The rapidly increasing flow
area within the inlet manifold 12 can cause distribution
problems of flow entering from the inlet pipe 22. Flow
entering from the inlet pipe 22 will proceed towards the
center most passages of the plate fin heat exchanger 14
potentially leaving gaps of lower flow to areas indicated
schematically at 25 near the inlet end 32.
[0031] The example inlet pipe 22 includes a means for
distributing flow entering the inlet manifold 12 across the
entire width 28 of the inlet end 32. In one disclosed ex-
ample illustrated in Figure 4, the means for distributing
flow includes a plurality of walls 38 on the inner surface
of the inlet pipe 22 to induce a spiral flow to the incoming
flow to uniformly distribute flow along the inlet width 28.
[0032] The example inlet pipe 22 includes an inlet
length 44 with a substantially constant flow area. A plu-
rality of walls 38 that define spiral channels 56 along the
inner surface within the inlet pipe 22 at least for the inlet
length 44. The walls 38 are provided within the inlet length
44, but may also extend throughout the entire inlet pipe
22. The walls 38 may also be provided only within the
inlet length 44. The inlet length 44 is a length that is pre-
determined to provide sufficient turns to induce the de-
sired spiral component to incoming hot flow 18. The walls
38 are twisted within the inlet pipe 22 to induce a spiral
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flow component inlet manifold 12. The induced spiral flow
components drive flow towards the extremes of the inlet
width 28 schematically indicated at 25. The mixing and
distributions provided by the swirling flows provide a
more uniform distribution of the hot flow 18 into the plate
fin heat exchanger 14.
[0033] Referring to Figures 5a, 5b and 5c, sections of
the inlet pipe 22 are illustrated for the inlet length 44 and
show the twist of one wall section 46 at different positions
about the circumference of the inlet pipe 22. The wall
section 46 spirally winds along the inner surface of the
inlet pipe 22.
[0034] Each of the walls 46 extends a height 54 from
the internal surface 48. In this example the height 54 is
much less than a width 52 of the inlet pipe 22. The width
52 in the disclosed example inlet 22 is a diameter of the
inlet 22. The example inlet 22 is a circular pipe including
a circular inner surface 48. Each of the walls 46 extend
the height 54 towards the center portion of the inlet 22.
In this example each of the walls 46 are disposed trans-
versally at an angle 50 normal to the inner surface 48. It
should be appreciated that the walls 46 may be disposed
at an angle other than normal to provide a desired flow
component into the inlet manifold 12.
[0035] Referring to Figure 6 with continued reference
to Figures 5a, 5b, and 5c, circumferential spacing be-
tween the walls 46 define channels 56 for the flow 18.
The spiral round channels 56 induce a spiral swirling
component into the flow that carries forward through the
inlet manifold 12. The spiral component to the inlet hot
flow 18 drives portions of the flow toward the sides of the
inlet end 32 to more uniformly distribute flow into the heat
exchanger plate 14.
[0036] Referring to Figure 7, an example inlet 22’ in-
cludes the example walls 46 are spaced apart to define
channels 58. In this example the walls 46 are spaced the
distance 58 to provide a defined density along the inlet
length 44. The density of walls 46 within the inlet length
44 is provided to define a desired amount of swirl into
the inlet flow.
[0037] Referring to Figure 8 another example inlet 60
is disclosed includes spacing 64 that is greater than the
spacing 58 described in the previous embodiment. The
increased spacing 64 illustrates a different density of
walls 62 within the inlet 22 to enable tuning specific flow
parameters designed to spread incoming flow across the
passages 36.
[0038] Referring to Figure 9 another example inlet 68
is disclosed and includes a plurality of walls 70 that are
intermittent and includes spaces 72 therebetween. The
spaces 72 demonstrate that walls 70 need not be uniform
or constant throughout the entire inlet length 44. The inlet
pipe 68 includes intermittent walls 70 that provide the
desired inducement of swirl into the incoming flow.
[0039] Referring to Figures 10a, 10b and 10c, density
is also be changed by varying an angle 90 of the walls
92. The angle 90 defines the length that an individual
wall 92 needs to rotate 360 degrees about the interior

wall of the inlet pipe. The space 88 between the walls 92
is a function of the angle 90 and the number of walls 92
within a length 95 of the inlet cross section. The changing
angle 90 enables tailoring a swirl rate of airflow through
the inlet. In the disclosed examples shown in Figures
10a-c, the swirl rate is modified as function of the angle
90 and the number of walls 92 within the length 95 of the
inlet. The steeper the angle 90, the more turns for the
same length 95. Additionally, increasing or reducing the
number of walls 92 also can be tailored to provide a de-
sired swirl in the incoming flow.
[0040] An inlet 82 shown in Figure 10a includes walls
92 that are a distance 88a apart and disposed at an angle
90a relative to a longitudinal axis A. The angle 90a and
number of walls 92 for the length 95 defines a density
that is tailored to induce a predefined swirl into the flow
exiting the inlet 82. The example angle, in one disclosed
embodiment, is less than 90 degrees and more than 45
degrees. The distance 88a is a function of the angle 90a
of the walls 92 in the defined length 95.
[0041] Another inlet 84 shown in Figure 10b includes
walls 92 that disposed at an angle 90b combined with a
number of walls 92 that provides a spacing 88b that is
less than the spacing 88a shown in Figure 10a. The angle
90a remains the same, but increasing the number of walls
92 decrease in the spacing 88b to provide increased swirl
for the same length 95.
[0042] A further inlet 86 shown in Figure 10c includes
an angle 90b that is not as steep as the previous angle
90a. The number of walls 92 is reduced and therefore
the distance 88c is greater than either that shown in Fig-
ures 10a and 10b. The different angle 90b with a reduced
number of walls 92 provides a larger spacing 88c to in-
duce the desired defined swirl in the inlet flow. The swirl
provided by the walls 92 of the inlet 86 can have any
number of variation of the walls 92 and angles 90 to pro-
vide different spacings 88 to induce different swirl in flows
exiting the inlet tube.
[0043] Referring to Figures 11a, 11b, and 11c, another
example inlet 76 is disclosed and includes a plurality walls
78 defining a corresponding plurality of closed passages
80 that spirally wind along the inlet length 44. The plurality
of separate passages 80 induce swirl components into
the incoming airflow to uniformly spread and distribute
airflow along the inlet end 32 of the plate fin heat ex-
changer 14.
[0044] Accordingly, the disclosed inlet pipe induces
flow characteristics that aid in more uniformly distributing
the hot airflow throughout the passages of the heat ex-
changer.
[0045] 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 3 567 332 A1

5

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A heat exchanger assembly comprising:

an inlet manifold defining an expanding area in
a direction of flow; and
an inlet in flow communication with the inlet man-
ifold, the inlet including a wall for inducing a ro-
tational inertia to flow entering the inlet manifold.

2. The heat exchanger assembly as recited in claim
1 wherein the inlet comprises a constant cross-sec-
tional area over an inlet length prior to the inlet man-
ifold.

3. The heat exchanger assembly as recited in claim
1 or 2, wherein the inlet comprises a pipe and the
wall comprises a plurality of walls spirally arranged
within the inlet length.

4. The heat exchanger assembly as recited in claim
3, wherein the pipe is round and includes an inner
surface and the plurality of walls are disposed trans-
verse to the inner surface.

5. The heat exchanger assembly as recited in claim
3 or 4, wherein the plurality of walls include a height
and the height is less than a width of the pipe.

6. The heat exchanger assembly as recited in any
one of claims 3-5, wherein the plurality of walls ex-
tend across a width of the pipe and define separate
channels.

7. The heat exchanger assembly as recited in any
one of claims 3-6, wherein the plurality of walls are
continuous for the entire inlet length.

8. The heat exchanger assembly as recited in any
one of claims 3-7, wherein the plurality of walls are
intermittently arranged for at least a portion of the
inlet length.

9. The heat exchanger assembly as recited in any
one of claims 3-8, wherein a density of walls is uni-
form for the entire inlet length, or wherein a density
of walls varies within the inlet length.

10. The heat exchanger assembly as recited in any
one of claims 3-9, including a distance between the
plurality of walls in a direction parallel to a longitudinal
axis and an angle of the walls relative to the longitu-
dinal axis and a swirl induced into the inlet flow is
determined by a combination of the distance be-
tween the plurality of walls and the angle, wherein,
optionally, at least one of the distance between the
plurality of walls and angle of the plurality of walls
varies over a length of the inlet.

10. A heat exchanger assembly comprising:

an inlet manifold defining an increasing flow ar-
ea;
a plate fin heat exchanger plate including a first
end in flow communication with the inlet mani-
fold and including a plurality of inlet openings
arranged across an inlet width;
an inlet communicating flow to the inlet manifold
including a means for inducing a spiral flow for
spreading flow through the inlet manifold across
the inlet width.

11. The heat exchanger assembly as recited in claim
10, wherein the inlet includes a uniform cross-sec-
tional flow area over an inlet length.

12. The heat exchanger assembly as recited in claim
10 or 11, wherein inlet comprises a pipe and the
means for introducing a spiral inertial comprises a
plurality of walls spirally arranged and extending
from an interior surface of the pipe within the inlet
length, wherein, optionally, the plurality of walls in-
clude a height from the inner surface and the height
that is less than a width of the pipe, wherein, option-
ally, the plurality of walls extend define separate
channels within the inlet.

13. A method of assembling a heat exchanger as-
sembly comprising:

forming an inlet manifold to include an expand-
ing flow area;
attaching the inlet manifold to a plate fin heat
exchanger that includes a plurality of openings
disposed across an inlet width;
forming an inlet to include a constant flow area
and a spiral flow inducing means; and
attaching the inlet to the inlet manifold for
spreading flow entering the inlet manifold across
inlet width.

14. The method as recited in claim 13, wherein the
spiral flow inducing means comprises a plurality
walls extending inward from an inner surface that
are arranged in a spiral along an inlet length.

15. The method as recited in claim 14, wherein at
least one of a distance between the plurality of walls
in a direction common with a longitudinal axis of the
inlet and an angle of the plurality of walls relative to
the longitudinal axis is defined to induce a defined
swirl component into the flow entering the inlet man-
ifold.
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