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(54) HEAT EXCHANGER DISTRIBUTOR SWIRL VANE

(57) A vapor cycle heat exchanger has a plurality of
heat exchanger lines 38 and a distributor. The distributor
comprises a distributor housing 23, a swirl vane, an at-
omizing nozzle, a plurality of nozzles, and a fluid line
intersection. The distributor housing defines a main dis-
tributor line 24 configured to receive a non-homogenous

flow of the two-phase refrigerant fluid. The swirl vane is

disposed within the main distributor line and configured

to distribute the non-homogeneous flow into a symmetric
fluid distribution. The atomizing nozzle 28 is disposed
downstream of the swirl vane. The routing lines 32 each
lead to one of the plurality of heat exchanger lines. The
main distributor line branches into the routing lines at the
fluid line intersection, which is situated downstream of
the nozzle.
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Description
BACKGROUND

[0001] The presentinvention relates generally to heat
exchangers, and more particularly to a swirl vane for a
heat exchanger distributor.

[0002] Heatexchangers are used in a variety of appli-
cations to transfer and transport heat, and often include
a plurality of separate fluid lines through fins or planes
that increase surface area for thermal transfer. Heat ex-
changers commonly use distributors to evenly distribute
coolant from asingle inlet line across these separate heat
exchanger lines. To ensure efficient heat transfer, dis-
tributors must distribute fluid volume from inlet lines sub-
stantially evenly across heat exchanger lines.

[0003] Vapor cycle heat exchangers are often used to
cool electronics and other components with high thermal
loads. As used in the present application, the term "vapor
cycle heat exchanger" is defined as a closed system heat
exchanger that transfers heat via cyclical phase changes
of flowing refrigerant fluid. Many stages of vapor cycle
heat exchangers carry refrigerant in non-homogeneous
state mixtures of liquid and gas.

[0004] Itis desired to ensure efficient heat transfer dis-
tributors in vapor cycle heat exchangers by providing
equal refrigerant mass down each heat exchanger line,
and substantially the same proportion of liquid to gas
down each heat exchanger line.

SUMMARY

[0005] The presentinventionis directed toward a vapor
cycle heat exchanger with a plurality of heat exchanger
lines and a distributor. The distributor comprises a dis-
tributor housing, a swirl vane, an atomizing nozzle, a plu-
rality of nozzles, and a fluid line intersection. The distrib-
utor housing defines a main distributor line configured to
receive a non-homogenous flow of the two-phase coolant
fluid. The swirl vane is disposed within the main distrib-
utor line and configured to distribute the non-homogene-
ous flow into a symmetric fluid distribution. The atomizing
nozzle is disposed downstream of the swirl vane. The
routing lines each lead to one of the plurality of heat ex-
changer lines. The main distributor line branches into the
routing lines at the fluid line intersection, which is situated
downstream of the nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 is a simplified cross-sectional view of a heat
exchanger system.

FIG. 2 is a perspective view of a distributor of the
heat exchanger system of FIG. 1.

FIG. 3 a is a perspective view of a swirl vane in the
distributor of FIG. 2.
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FIG. 3b is a cross-sectional view of the swirl vane of
FIG. 3a.
FIG. 4 is a schematic view of the distributor of FIG. 2

[0007] While the above-identified figures set forth one
or more embodiments of the present disclosure, other
embodiments are also contemplated, as noted in the dis-
cussion. In all cases, this disclosure presents the inven-
tion by way of representation and not limitation. It should
be understood that numerous other modifications and
embodiments can be devised by those skilled in the art,
which fall within the scope and spirit of the principles of
the invention. The figures may not be drawn to scale, and
applications and embodiments of the present invention
may include features and components not specifically
shown in the drawings.

DETAILED DESCRIPTION

[0008] The presentinvention concernsaswirl vane dis-
posed in a main distributor line of a distributor for a vapor
cycle heat exchanger with a plurality of heat exchanger
lines. The swirl vane distributes non-homogeneous mix-
tures of gas and liquid refrigerant into a rotationally sym-
metric fluid distribution. A nozzle is located downstream
of the swirl vane. The swirl vane ensures that liquid re-
frigerant entering the nozzle is substantially evenly dis-
tributed across a plurality of routing lines, and that the
proportion of liquid to gas in each routine line is substan-
tially the same.

[0009] FIG. 1 is a simplified cross-sectional view of
heat exchanger system 10, comprising expansion valve
12, refrigerantinlet 14, expansion chamber 16, distributor
inlet 18, distributor 20 (with distributor housing 22, main
distributor line 24, swirl vane assembly 26, nozzle 28,
fluid intersection 30, routing lines 32, and branch sections
34), and heat exchanger 36 (with heat exchanger lines
38, heat exchanger inlets 40).

[0010] Heat exchanger system 10 is portion of a vapor
cycle heat exchanger. Heat exchanger 10 can, for exam-
ple, carry refrigerants fluids such as Freon, CO,, R134
refrigerants, or other refrigerants. Heat exchanger sys-
tem 10 can be used in a wide variety of applications,
including but not limited to air and electronics cooling.
Expansion valve 12 receives liquid or mostly-liquid re-
frigerant via refrigerant inlet 14. Refrigerant is allowed to
expand and evaporate in expansion chamber 16, pro-
ducing a mixture of liquid and gas that distributor inlet 18
carries to distributor 20. Distributor 20 distributes refrig-
erant substantially uniformly between a multitude of heat
exchanger lines 38 of heat exchanger 36. Each heat ex-
changer line 38 receives refrigerant from distributor 20
at a corresponding heat exchanger inlet 40.

[0011] Distributor 20 includes distributor housing 22, a
rigid structure that extends axially along distributor axis
A and forms the structure of distributor 20. Distributor
housing 20 can, in some embodiments, be a rigid metal
structure formed, for example, of cast aluminum. In other
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embodiments, distributor housing 20 can be an injection
molded polymer structure. Distributor housing 20 defines
main distributor line 24, a substantially axial fluid flow
path that carries refrigerant fluid flow F.. Refrigerant fluid
flow F. contains a mixture of liquid and gas refrigerant,
and is initially non-homogeneously distributed within
main distributor line 24. The particular proportions of re-
frigerant fluid in liquid and gas states can vary based on
application and refrigerant fluid selection. The initial non-
homogeneous distribution of refrigerant fluid flow F can,
for example, take the form of heavier liquid refrigerant
pooling along a bottom portion of main distributor line 24,
while coolant gas is correspondingly forced upwards.
Swirl vane assembly 26, a flow directing member within
main distributor line 24, redistributes the non-homoge-
neous fluid of refrigerant fluid flow F into a substantially
symmetric distribution. In at least some embodiments,
swirl vane assembly 26 is a rotationally symmetric fan-,
helix-, or propeller-shaped guide vane that redistributes
refrigerant fluid flow F; into a rotationally symmetric dis-
tribution, as described with respect to FIGs. 3a and 3b.
Distributions of refrigerant fluid flow F_ are discussed in
greater detail below with respect to FIG. 4. In some em-
bodiments, swirl vane assembly 26 can be formed as an
integral part of distributor housing 20. In other embodi-
ments, swirl vane assembly 26 can be an insert that is
installed within distributor housing 20, or an overmolded
piece about which distributor housing 20 is formed.

[0012] Swirl vane assembly 26 preconditions the non-
homogeneous mixture of liquid and gas refrigerantin fluid
flow F . to be substantially symmetrically distributed about
axis A. Downstream of swirl vane assembly 26, this pre-
conditioned refrigerant fluid flow F; passes through noz-
zle 28. Nozzle 28 is a narrow aperture that forms a neck
in main distributor line 24. Refrigerant fluid flow F; passes
through the constrained aperture of nozzle 28 at high
speeds, and is thereby atomized. This atomization of re-
frigerant flow F_ substantially homogenizes liquid and
gas distribution immediately downstream of nozzle 28,
where main distributor line 24 branches at fluid intersec-
tion 30 into a plurality of routing lines 32. Intersection 30
acts as a flow divider, separating refrigerant fluid flow F,
into a plurality of secondary refrigerant flows Fg, one
down each routing line 32. Each routing line 32 extends
from fluid intersection 30 to a heat exchanger inlet 40 for
one of the plurality of heat exchanger lines 38. Further
details of the routing path of routing lines 32 are described
below with respect to FIG. 2. Routing lines 32 include
branch sections 34, which extend axially and radially from
fluid intersection 30. Branch sections 34 are circumfer-
entially distributed about axis A at fluid intersection 30.
Refrigerant fluid flow F is substantially homogeneously
distributed at fluid intersection 30: the atomized, sym-
metrical distribution of refrigerant fluid flow F at fluid in-
tersection 30 ensures that substantially equal refrigerant
volumes with substantially identical distributions of liquid
and gas refrigerant enter each routing line 32 via corre-
sponding branch sections 34. Consequently, all second-
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ary refrigerant flows F¢ have substantially equal volume,
and share substantially the same proportion of liquid to
gas as refrigerant fluid flow F.. Secondary refrigerant
flows Fg can subsequently separate (i.e. into liquid and
gas layers) downstream of fluid intersection 30, without
any impact on the uniformity of fluid distribution across
heat exchanger lines 38, or the overall efficiency of heat
exchanger 36.

[0013] FIG. 2 is a perspective view of distributor 20,
described above with respectto FIG. 1. FIG. 2 illustrates
distributor housing 22, routing lines 32, branch sections
34, heat exchangerinlets 40, secondary distribution sec-
tions 42, distributor axis A. Distributor housing 20 is trans-
parently to allow routing lines 32 to be seen.

[0014] Distributor 20 operates as described above with
respectto FIG. 1, with swirl vane assembly 26 and nozzle
28 ensuring substantially uniform refrigerant distribution
across all routing lines 32. Routing lines 32 comprise
branch sections 34 and secondary distribution sections
42. In the depicted embodiment, branch sections 32 are
distributed circumferentially about axis A, and extend ax-
ially and radially form fluid intersection 30 to an axially
rear-most portion of distributor housing 22. Secondary
distribution sections 42 extend from branch sections 34
to heat exchanger inlets 40. In the depicted embodiment,
all heat exchanger inlets 40 are aligned along a heat ex-
changer line Lg. This embodiment corresponds to an
arrangement of heat exchanger lines 38 (e.g. for each
vane or fin of heat exchanger 36) along a single plane
intersecting distributor housing 22 at heat exchanger line
Lye. In alternative embodiments, heat exchanger inlets
40 can be distributed across several locations on distrib-
utorhousing 22, e.g. where heat exchanger 36 comprises
multiple planes of heat exchanger lines. In the illustrated
embodiment, secondary distribution sections 42 extend
axially and circumferentially from branch sections 34 to
heat exchanger inlets 40.

[0015] FIGs 3aand 3b are perspective and cross-sec-
tional views, respectively, of one possible embodiment
of swirl vane assembly 26. FIGs. 3a and 3b illustrate flow
guide vanes 44 and vane connection 46. In the depicted
embodiment, swirl vane assembly 26 comprises two flow
guide vanes 44 joined at vane connection 46, and each
swirl vane assembly 26 comprises a bent half-moon
shape. As shown in FIGs. 3a and 3b, flow guide vanes
44 are bent sections of substantially uniform thickness,
and vane connection 46 is a chamfered connection be-
tween flow guide vanes 44. In this embodiment, parallel
surfaces of flow guide vanes 44 are separated by an axial
distance D. Axial distance D is also the spanwise diam-
eter of a circular region R of each fluid guide vane 44
conforming to a circular shape, and each fluid guide vane
44 comprises two opposite symmetrically controlled cir-
cular and/or oval regions, each covering an angular
sweep 6 from the center cross-section line. Angular
sweep 60 can, for example, be 30-60°. More generally,
the shape of swirl vane assembly 26 is selected such
that refrigerant fluid flow F impinging on swirl vane as-
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sembly 26 is constrained by fluid guide vanes 44 and by
cylindrical walls of distributor housing 22 to conform to a
swirling or vortex pattern. Alternative embodiments of
swirl vane assembly 26 can, for example, be helical or
propeller-shaped. As described above with respect to
FIG. 1, the vortex imparted on coolant fluid flow F. by
swirl vane assembly 26 serves to rearrange the asym-
metric distribution of non-homogeneous coolant fluid flow
F. upstream of swirl vane assembly 26 into a rotationally
symmetric distribution that preconditions refrigerant for
increased homogeneity after passing through nozzle 28.
In some embodiments, swirl vane assembly 26 can be
cast or molded as a single piece, and/or machined into
a desired shape. In other embodiments, swirl vane as-
sembly 26 can be formed from multiple pieces (e.g. as
separate flow guide vanes 46) welded or otherwise joined
together during manufacturing. The particular geometry
of swirl vane assembly 26 illustrated in FIGs. 3a and 3b
comprises only one possible embodiment, but provides
desirable flow characteristics.

[0016] FIG. 4 is a schematic view of distributor 20 il-
lustrating the distribution of refrigerant fluid by swirl vane
assembly 26. FIG. 4 also depicts distributor housing 22,
main distribution line 24, and distributor axis A. FIG. 4
illustrates the transition of refrigerant fluid flow from a
first, asymmetric distribution Dist, to a second, rotation-
ally symmetrical distribution Distg. As shown in FIGs. 1
and 4, distributor housing 22 defines a predominantly
axial main distributor line 24. Swirl vane assembly 26 is
interposed within main distributor line 24, upstream of
nozzle 28. Swirl vane assembly 26 imparts a rotational
component about axis A on fluid velocity within main dis-
tributor line 24, preventing asymmetric pooling of denser
liquid or lighter gas in nozzle 28 and fluid intersection 30.
Swirl vane assembly 26 and nozzle 28 cooperate to en-
sure that fluid distribution is uniform across all routing
lines 32 branching off of fluid intersection 30. This uni-
formity takes two forms. First, distributor 20 helps ensure
that substantially equal volumes of refrigerant fluid reach
each routing line 32. Second, distributor 20 helps ensure
thatthe proportion of liquid to gas is substantially identical
in refrigerantreaching each routing line 32. This uniform-
ity promotes efficient operation of heat exchanger 36.

Discussion of Possible Embodiments

[0017] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0018] A distributor for a two-phase refrigerant fluid of
a vapor cycle heat exchanger having a plurality of heat
exchanger lines, the distributor comprising: a distributor
housing defining a main distributor line configured to re-
ceive a non-homogenous flow of the two-phase coolant
fluid; a swirl vane disposed within the main distributor
line and configured to distribute the non-homogeneous
flow into a symmetric fluid distribution; an atomizing noz-
zle disposed downstream of the swirl vane; a plurality of
routing lines, each leading to one of the plurality of heat
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exchanger lines; and a fluid line intersection situated
downstream of the nozzle, and where the main distributor
line branches into the plurality of routing lines.

[0019] The distributor of the preceding paragraph can
optionally include, additionally and/or alternatively, any
one or more of the following features, configurations
and/or additional components:

[0020] A further embodiment of the foregoing distribu-
tor, wherein the main distributor line is a cylindrical pas-
sage extending along a distributor axis.

[0021] A further embodiment of the foregoing distribu-
tor, wherein the symmetric fluid distribution is a substan-
tially rotationally symmetric distribution of the two-phase
fluid about the distributor axis.

[0022] A further embodiment of the foregoing distribu-
tor, wherein the rotationally symmetric distribution com-
prises a radially outer layer of liquid, and a radially inner
core of gas.

[0023] A further embodiment of the foregoing distribu-
tor, wherein the routing lines extend axially and radially
with respect to the distributor axis, away from the fluid
line intersection, and wherein the routing lines are evenly
circumferentially distributed about the distributor axis at
the fluid line intersection.

[0024] A further embodiment of the foregoing distribu-
tor, wherein each routing line extends from the fluid line
intersection to a line inlet into one of the plurality of heat
exchanger lines, and wherein the line inlets are arranged
in a line parallel to the distributor axis.

[0025] A further embodiment of the foregoing distribu-
tor, wherein the swirl vane is a helical or propeller-shaped
vane.

[0026] A further embodiment of the foregoing distribu-
tor, wherein the swirl vane is an integral part of the dis-
tributor housing.

[0027] A further embodiment of the foregoing distribu-
tor, wherein the swirl vane is a separate component in-
stalled within the distributor housing.

[0028] A heatexchanger system comprises: aheatex-
changer with a plurality of parallel heat exchanger lines,
arranged along a common heat exchanger plane, each
heat exchanger line having a line inlet; a distributor hous-
ing defining a main distributor line oriented along a dis-
tributor axis, and configured to receive a non-homoge-
nous flow of the two-phase coolant fluid; a swirl vane
disposed within the main distributor line and configured
to distribute the non-homogeneous flow into a rotationally
symmetric fluid distribution about the distributor axis; an
atomizing nozzle disposed downstream of the swirl vane;
a plurality of routing lines, each leading to one of the line
inlets; and a rotationally symmetric fluid line intersection
situated downstream of the nozzle, and where the main
distributor line branches into the plurality of routing lines.
[0029] The heat exchanger system of the preceding
paragraph can optionally include, additionally and/or al-
ternatively, any one or more of the following features,
configurations and/or additional components:

[0030] A further embodiment of the foregoing heat ex-
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changer system, wherein the swirl vane is a helical or
propeller-shaped vane.

[0031] A further embodiment of the foregoing heat ex-
changer system, wherein the line inlets are arranged in
a line formed by the intersection of the heat exchanger
plane with the heat exchanger housing.

[0032] A further embodiment of the foregoing heat ex-
changer system, wherein at least one of the distributor
housing and the swirl vane is formed of aluminum.

Summation

[0033] Anyrelativetermsorterms ofdegree used here-
in, such as "substantially”, "essentially", "generally", "ap-
proximately" and the like, should be interpreted in ac-
cordance with and subject to any applicable definitions
or limits expressly stated herein. In all instances, any
relative terms or terms of degree used herein should be
interpreted to broadly encompass any relevant disclosed
embodiments as well as such ranges or variations as
would be understood by a person of ordinary skill in the
art in view of the entirety of the present disclosure, such
as to encompass ordinary manufacturing tolerance var-
iations, incidental alignment variations, alignment or
shape variations induced by thermal, rotational or vibra-
tional operational conditions, and the like.

[0034] Whiletheinvention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments 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.

Claims

1. Adistributor for a two-phase refrigerant fluid of a va-
por cycle heat exchanger having a plurality of heat
exchanger lines (38), the distributor comprising:

a distributor housing (22) defining a main dis-
tributor line (24) configured to receive a non-ho-
mogenous flow of the two-phase coolant fluid;
a swirl vane disposed within the main distributor
line (24) and configured to distribute the non-
homogeneous flow into a symmetric fluid distri-
bution;

an atomizing nozzle (28) disposed downstream
of the swirl vane;

a plurality of routing lines (32), each leading to
one of the plurality of heat exchanger lines (38);
and
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a fluid line intersection situated downstream of
the nozzle, and where the main distributor line
branches into the plurality of routing lines.

2. The distributor of claim 1, wherein the main distrib-
utor line (24) is a cylindrical passage extending along
a distributor axis.

3. Thedistributor of claim 2, wherein the symmetric fluid
distribution is a substantially rotationally symmetric
distribution of the two-phase fluid about the distrib-
utor axis.

4. The distributor of claim 3, wherein the rotationally
symmetric distribution comprises a radially outer lay-
er of liquid, and a radially inner core of gas.

5. The distributor of claim 2, wherein the routing lines
(32) extend axially and radially with respect to the
distributor axis, away from the fluid line intersection,
and wherein the routing lines are evenly circumfer-
entially distributed about the distributor axis at the
fluid line intersection.

6. The distributor of claim 2, wherein each routing line
extends from the fluid line intersection to a line inlet
into one of the plurality of heat exchanger lines (38),
and wherein the line inlets are arranged in a line par-
allel to the distributor axis.

7. The distributor of any preceding claim, wherein the
swirl vane is a helical or propeller-shaped vane.

8. The distributor of any preceding claim, wherein the
swirl vane is an integral part of the distributor hous-

ing.

9. The distributor of any of claims 1 to 7, wherein the
swirl vane is a separate component installed within
the distributor housing.

10. A heat exchanger system (10) comprises:

a heat exchanger with a plurality of parallel heat
exchanger lines (38), arranged along a common
heatexchanger plane, each heat exchanger line
(38) having a line inlet;

the distributor of any preceding claim, the main
distributor line oriented along a distributor axis;
said swirl vane disposed within the main distrib-
utor line and configured to distribute the non-
homogeneous flow into a rotationally symmetric
fluid distribution about the distributor axis;

said plurality of routing lines, each leadingtoone
of the line inlets; and

said fluid line intersection being a rotationally
symmetric fluid line intersection situated down-
stream of the nozzle, and where the main dis-
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tributor line branches into the plurality of routing
lines.

The heat exchanger system of claim 10, wherein the
swirl vane is a helical or propeller-shaped vane.

The heatexchanger system of claim 10 or 11, where-
in the line inlets are arranged in a line formed by the
intersection of the heat exchanger plane with the
heat exchanger housing.

The heat exchanger system of any of claims 10 to
12, wherein at least one of the distributor housing
(22) and the swirl vane is formed of aluminum.
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