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(54) A HEAT EXCHANGER

(57) A heat exchanger comprises a first set of tubes
fluidically connected between a first and second mani-
fold,wherein a first fluid flows from the firstmanifold to the
second manifold through the first set of tubes. The heat
exchanger comprises a second set of tubes fluidically
connectedbetween the first andsecondmanifold,where-
in a second fluid flows from the first manifold to the
second manifold through the second set of tubes. The

heat exchanger comprises a third set of tubes fluidically
connectedbetween the first andsecondmanifold,where-
in at a first configuration, the second fluid flows from the
secondmanifold to the first manifold through the third set
of tubes; at a second configuration, the second fluid flows
from the first manifold to the secondmanifold through the
third set of tubes; and at a third configuration, the second
fluid does not flow through the third set of tubes.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a heat exchan-
ger. In particular, the present invention relates to an
internal heat exchanger in an air conditioning loop.

BACKGROUND

[0002] Generally, an air conditioning loop comprises a
high pressure fluid circuit and a low pressure fluid circuit.
An internal heat exchanger is provided in the air con-
ditioning loop to promote heat exchange between a high
pressure fluid from the high pressure fluid circuit and a
low pressure fluid from the low pressure circuit. In one
example, the internal heat exchanger can be a tube
inside tube type heat exchanger, wherein the internal
heat exchanger can be integrated inside another part,
for example, an accumulator. In another example, the
internal heat exchanger can be a plate type heat exchan-
ger, wherein the internal heat exchanger can have a
construction based on a plate type heat exchanger, for
example, aplate typechiller.When thehighpressurefluid
from the high pressure fluid circuit transfers heat energy
to the lowpressurefluid from the lowpressurefluidcircuit,
the efficiency of the internal heat exchanger increases.
However, when theefficiency of the internal heat exchan-
ger increases beyond a threshold value, some problems
occur in the air conditioning loop that are not preferred.
Further, when the internal heat exchanger is configured
with U-flow configuration, the efficiency of the internal
heat exchanger also increases. Although the U-flowmay
be favorable in terms of the efficiency, it may cause
drawbacks related to the increased pressure drop in
the internal heat exchanger. This may squander all the
advantages if not optimized correctly.
Therefore it would be advantageous to provide a heat
exchanger inwhich the efficiency and pressure dropmay
be regulated according to the needs, so that the optimi-
zation is easy and effective.

SUMMARY

[0003] An objective of the present invention is to pro-
vide a heat exchanger that alleviates the problems in the
prior arts. To bemore precise, an objective of the present
invention is to regulateefficiencyandpressuredropof the
heat exchanger.
[0004] To achieve the above objectives, the present
invention herein provides a heat exchanger. The heat
exchanger for the circulation of at least a first fluid and a
second fluid comprising: a first manifold; a second mani-
fold arranged in a spacedmanner from the first manifold;
a first set of tubes fluidically connected between the first
manifold and the second manifold, wherein the first fluid
flows from the first manifold to the second manifold
through the first set of tubes; a second set of tubes

fluidically connected between the first manifold and the
secondmanifold, wherein the second fluid flows from the
first manifold to the second manifold through the second
set of tubes; and a third set of tubes fluidically connected
between the first manifold and the second manifold,
wherein at a first configuration, the second fluid flows
from the secondmanifold to the firstmanifold through the
third set of tubes; at a second configuration, the second
fluid flows from the first manifold to the second manifold
through the third set of tubes; and at a third configuration,
the second fluid does not flow through the third set of
tubes.
[0005] In one aspect, the second set of tubes together
with the third set of tubes are stacked alternatively with
the first set of tubes.
[0006] In another aspect, each tube from the second
set of tubes and the third set of tubes, at both sides, are in
contact with one tube from the first set of tubes.
[0007] In another aspect, a first channel is provided in
the first manifold and is fluidically connected to the first
set of tubes.
[0008] In another aspect, a second channel is provided
in the second manifold and is fluidically connected to the
first set of tubes.
[0009] In another aspect, the first fluid flows through
the first channel and the second channel.
[0010] In another aspect, a third channel is provided in
the first manifold and is fluidically connected to the sec-
ond set of tubes.
[0011] In another aspect, a fourth channel is provided
in the firstmanifold and is fluidically connected to the third
set of tubes.
[0012] In another aspect, a fifth channel is provided in
the second manifold and is fluidically connected to the
second set of tubes and the third set of tubes.
[0013] In another aspect, at the first configuration, the
second fluid flows through the third channel and the
fourth channel, and does not flow through the fifth chan-
nel.
[0014] In another aspect, at the second configuration,
the second fluid flows through the third channel, the
fourth channel and the fifth channel.
[0015] In another aspect, at the third configuration, the
second fluid flows through the third channel and the fifth
channel, and does not flow through the fourth channel.
[0016] In another embodiment, the present invention
herein provides an air conditioning loop. The air condi-
tioning loop comprises: at least one heat exchanger as
described in any one of preceding embodiments.
[0017] In another aspect, the first fluid is a lowpressure
fluid froma lowpressure fluid circuit of theair conditioning
loop and the second fluid is a high pressure fluid from a
high pressure fluid circuit of the air conditioning loop.
[0018] According to the above embodiments, effi-
ciency and pressure drop of the heat exchanger are
regulated by switching the heat exchanger to any one
of thefirst configuration, thesecondconfigurationand the
third configuration. When high efficiency and pressure
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drop are preferred, the heat exchanger is switched to the
first configuration. When intermediate efficiency and
pressure drop are preferred, the heat exchanger is
switched to the second configuration. When low effi-
ciency andpressure drop are preferred, the heat exchan-
ger is switched to the third configuration.

BRIEF DESCRIPTION OF DRAWINGS

[0019] Other characteristics, details and advantages
of the invention canbe inferred from thedescription of the
invention hereunder. A more complete appreciation of
the invention and many of the attendant advantages
thereof will be readily obtained, as the same becomes
better understood by reference to the following descrip-
tion when considered in connection with the accompany-
ing figures, wherein:

FIG. 1 illustrates an heat exchanger, in accordance
with an embodiment of the present invention.

FIG. 2 illustrates a first manifold of the heat exchan-
ger of FIG. 1;

FIG. 3 illustrates another view of the first manifold of
FIG. 2;

FIG. 4 illustrates an exploded view of the first mani-
fold of FIG. 2;

FIG. 5 illustrates a second manifold of the heat
exchanger of FIG. 1;

FIG.6 illustratesanother viewof thesecondmanifold
of FIG. 5;

FIG. 7 illustrates an exploded view of the second
manifold of FIG. 5;

FIG. 8 illustrates the flow of a first fluid in the heat
exchanger of FIG. 1;

FIG. 9 illustrates the flow of a second fluid in the heat
exchanger of FIG. 1, at a first configuration;

FIG. 10 illustrates the flow of the second fluid in the
heat exchanger of FIG. 1, at a second configuration;
and

FIG. 11 illustrates the flow of the second fluid in the
heat exchanger of FIG. 1, at a third configuration.

DETAILED DESCRIPTION OF PREFERRED EMBO-
DIMENTS

[0020] It must be noted that the figures disclose the
invention in a detailed enough way to be implemented,
the figures helping to better define the invention, if need

be. The invention should however not be limited to the
embodiments disclosed in the description.
[0021] In the present description, some elements or
parametersmaybe indexed, suchasafirst elementanda
second element. In this case, unless stated otherwise,
this indexation is only meant to differentiate and name
elements that are similar but not identical. No idea of
priority should be inferred from such indexation, as these
may be switched without betraying the invention. Addi-
tionally, this indexation does not imply any order in
mounting or use of the elements of the invention.
[0022] FIG. 1 illustrates an heat exchanger 100, in
accordancewithanembodimentof thepresent invention.
The heat exchanger 100 comprises a first manifold 200
and a second manifold 300. The heat exchanger 100
further comprises a first set of tubes 400, a second set of
tubes 500 and a third set of tubes 600 that are fluidically
connectedbetween the firstmanifold 200 and the second
manifold 300.
[0023] In one embodiment, the heat exchanger 100
can comprise the first manifold 200 and the second
manifold 300 arranged in a spaced manner from the first
manifold 200. The heat exchanger 100 can comprise the
first set of tubes400,at oneend, is fluidically connected to
first manifold 200 and at another end, is fluidically con-
nected to the second manifold 300. Further, a first fluid
can flow from the first manifold 200 to the second mani-
fold 300 through the first set of tubes 400. The heat
exchanger 100 can comprise the second set of tubes
500, at one end, is fluidically connected to the first mani-
fold 200 andat another end, is fluidically connected to the
second manifold 300. Further, a second fluid can flow
from the first manifold 200 to the second manifold 300
through the second set of tubes 500. The heat exchanger
100 can comprise the third set of tubes 600, at one end, is
fluidically connected to the first manifold 200 and at other
end, is fluidically connected to the second manifold 300.
Further, the second fluid can flow in different configura-
tions through the third set of tubes 600 at different con-
figurations of the heat exchanger 100.
[0024] In one aspect, the second fluid can flow from the
secondmanifold 300 to the first manifold 200 through the
third set of tubes 600 at a first configuration, wherein at
the first configuration, the efficiency of the heat exchan-
ger 100 is high. In another aspect, the second fluid can
flow from the first manifold 200 to the second manifold
300 through the third set of tubes 600 at a second con-
figuration, wherein at the second configuration, the effi-
ciency of the heat exchanger 100 is intermediate. In
another aspect, the second fluid does not flow through
the third set of tubes 600 at a third configuration, wherein
at the third configuration, the efficiency of the heat ex-
changer 100 is low.
[0025] In another aspect, the second set of tubes 500
together with the third set of tubes 600 can be stacked
alternatively with the first set of tubes 400. Further, the
second set of tubes 500 and the third set of tubes 600 can
be arranged one behind another, wherein each tube from
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the second set of tubes 500 and the third set of tubes 600
is arranged in a coplanar manner. In one example, each
tube from the second set of tubes 500 and the third set of
tubes 600, at both sides, can be in contact with one tube
from the first set of tubes 400. In another example, the
each tube from thefirst set of tubes400,at bothsides, can
be in contact with one tube from the second set of tubes
500 and the third set of tubes 600.
[0026] In another aspect, the first set of tubes 400, the
second set of tubes 500 and the third set of tubes 600 can
be any type of tube. In another example, the first set of
tubes 400, the second set of tubes 500and the third set of
tubes 600 can be a multiport tube. In another example,
the first set of tubes 400, the second set of tubes 500 and
the third set of tubes600canbeasandwich tube,wherein
each sandwich tube can comprise two tubes with a
spacer sandwiched between the two tubes, and respec-
tiveendsof the two tubes canbefluidically connected to a
single orifice.
[0027] FIG. 2 andFIG. 3 illustrate two different views of
the firstmanifold 200 of the heat exchanger 100 of FIG. 1.
FIG.4 illustrates an exploded view of the first manifold
200ofFIG.2. Inanother aspect, thefirstmanifold 200can
comprise a first connection block 210, a first cover 220, at
least one first intermediate plate 230 and a first header
plater 240 assembled together. In another example, the
first manifold 200 can comprise one first intermediate
plate 230. In another example, the first manifold 200 can
comprise two first intermediate plates 230.
[0028] In another aspect, the first connection block 210
canbeadapted to fluidically connect to thefirst cover220.
The first connection block 210 can comprise a first con-
nection orifice 214 adapted to fluidically connect to a first
fluid circuit outside the heat exchanger 100, and a third
connection orifice 212anda fourth connection orifice 216
adapted to fluidically connect to a second fluid circuit
outside the heat exchanger 100. The first cover 220 can
comprise a first channel 224, a third channel 222 and a
fourth channel 216 adapted to fluidically connect to the
first connection orifice 214, the third connection orifice
212 and the fourth connection orifice 216 respectively.
[0029] In another aspect, the first cover 220 can be
adapted to fluidically connect to the at least one first
intermediate plate 230. The first cover 220 can comprise
a first set of channel orifices 224A, a third set of channel
orifices 222A and a fourth set of channel orifices 226A
fluidically connected to the first channel 224, the third
channel 222and the fourth channel 226 respectively. The
at least one first intermediate plate 230 can comprise a
first set of intermediate plate orifices 234, a third set of
intermediate plate orifices 232 and a fourth set of inter-
mediate plate orifices 236 adapted to fluidically connect
to the first set of channel orifices 224A, the third set of
channel orifices 222A and the fourth set of channel
orifices 226A respectively.
[0030] In another aspect, the at least one first inter-
mediate plate 230 canbeadapted to fluidically connect to
the first header plate 240. The first header plate 240 can

comprise a first set of header plate orifices 244, a third set
of header plate orifices 242 and a fourth set of header
plate orifices 246 adapted to fluidically connect to the first
set of intermediate plate orifices 234, the third set of
intermediate plate orifices 232 and the fourth set of
intermediate plate orifices 236 respectively.
[0031] In another aspect, the first header plate 240 can
be adapted to fluidically connect to the first set to tubes
400, the second set of tubes 500and the third set of tubes
600. The first set of header plate orifices 244, the third set
of header plate orifices 242 and the fourth set of header
plate orifices 246 of the first header plate 240 can be
adapted to fluidically connect to the first set to tubes 400,
the second set of tubes 500 and the third set of tubes 600
respectively.
[0032] FIG. 5 andFIG. 6 illustrate two different views of
the second manifold 300 of the heat exchanger 100 of
FIG. 1. FIG. 7 illustrates an exploded view of the second
manifold 300 of FIG. 5. In another aspect, the second
manifold 300 can comprise a second connection block
310, a second cover 320, at least one second intermedi-
ate plate 330 and a second header plater 340 assembled
together. In another example, the second manifold 300
can comprise one second intermediate plate 330. In
another example, the secondmanifold 300 can comprise
two second intermediate plates 330.
[0033] In another aspect, the second connection block
310 can be adapted to fluidically connect to the second
cover 320. The second connection block 310 can com-
prise a second connection orifice 312 adapted to fluidi-
cally connect to a first fluid circuit outside the heat ex-
changer 100 and a fifth connection orifice 314 adapted to
fluidically connect to a second fluid circuit outside the
heat exchanger 100. The second cover 320 can com-
prise a second channel 322 and a fifth channel 324
adapted to fluidically connect to the second connection
orifice 312 and the fifth connection orifice 314 respec-
tively.
[0034] In another aspect, the second cover 320 can be
adapted to fluidically connect to the at least one second
intermediate plate 330. The second cover 320 can com-
prise a second set of channel orifices 322A and a fifth set
of channel orifices 324A fluidically connected to the
second channel 322 and the fifth channel 324 respec-
tively. Theat least one second intermediate plate 330 can
comprise a second set of intermediate plate orifices 332
andafifth set of intermediateplateorifices334adapted to
fluidically connect to the second set of channel orifices
322A and the fifth set of channel orifices 324A respec-
tively.
[0035] In another aspect, the at least one second inter-
mediate plate 330 canbeadapted to fluidically connect to
the second header plate 340. The second header plate
340 can comprise a second set of header plate orifices
342 adapted to fluidically connect to the second set of
intermediate plate orifices 332, and a fifth set of header
plate orifices 344 and a sixth set of header plate orifices
346 can be adapted to fluidically connect to the fifth set of
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intermediate plate orifices 334 respectively.
[0036] In another aspect, the second header plate 340
can be adapted to fluidically connect to the first set to
tubes 400, the second set of tubes 500and the third set of
tubes 600. The second set of header plate orifices 342,
the fifth set of header plateorifices344and the sixth set of
header plate orifices 346 of the second header plate 340
can be adapted to fluidically connect to the first set to
tubes 400, the third set of tubes 600and the second set of
tubes 500 respectively.
[0037] FIG. 8 illustrates the flow of the first fluid in the
heat exchanger 100 of FIG. 1. In another aspect, the first
fluid can flow through the first channel 224 and the
second channel 322. In another aspect, the first fluid
can flow in a I-flow configuration, wherein the first fluid
can flow in through the first connection orifice 214 of the
firstmanifold 200, then flow through the first channel 224,
the first set of tubes 400, the second channel 322, and
thenflowout through thesecondconnectionorifice312of
the second manifold 300.
[0038] FIG. 9 illustrates the flow of the second fluid in
the heat exchanger 100 of FIG. 1, at the first configura-
tion. In another aspect, the second fluid flows through the
third channel 222 and the fourth channel 226, and does
not flow through the fifth channel 324 at the first config-
uration. In another aspect, the second fluid can flow in a
U-flowconfiguration at the first configuration,wherein the
second fluid can flow in through the third connection
orifice 212 of the first manifold 200, then flow through
the third channel 222, the second set of tubes 500, then
make a U-turn in the second manifold 300, then flow
through the third set of tubes 600, the fourth channel
226, and then flow out through the fourth connection
orifice 216 of the first manifold 200.
[0039] FIG. 10 illustrates the flow of the second fluid in
the heat exchanger 100 of FIG. 1, at the second config-
uration. In another aspect, the second fluid flows through
the third channel 222, the fourth channel 226 and the fifth
channel 324 at the second configuration. In another
aspect, the second fluid can flow in a first I-flow config-
uration at the second configuration, wherein the second
fluid can flow in through the third connection orifice 212
and the fourth connection orifice 216 of the first manifold
200, then flow through the third channel 222 and the
fourth channel 226 respectively, then flow through the
second set of tubes 500 and the third set of tubes 600
respectively, then flow through the fifth channel 324, and
thenflowout through thefifth connectionorifice314of the
second manifold 300.
[0040] FIG. 11 illustrates the flow of the second fluid in
the heat exchanger 100 of FIG. 1, at the third configura-
tion. In another aspect, the second fluid flows through the
third channel 222 and the fifth channel 324, and does not
flow through the fourth channel 226 at the third config-
uration. In another aspect, the second fluid can flow in a
second I-flow configuration at the third configuration,
wherein the second fluid can flow in through the third
connection orifice 212 of the first manifold 200, then flow

through the third channel 222, the second set of tubes
500, the fifth channel 324, and then flow out through the
fifth connection orifice 314 of the second manifold 300.
[0041] In another aspect, the heat exchanger 100 can
be switched to any one of the first configuration, the
second configuration and the third configuration by con-
trolling the flow of the first fluid and the second fluid in the
heat exchanger 100. In another example, flow control
valves can be used to control the flow of the first fluid and
the second fluid in the heat exchanger 100.
[0042] In another embodiment, the heat exchanger
100 can be an internal heat exchanger of an air condi-
tioning loop that promotesheat exchangebetweenahigh
pressure fluid from a high pressure fluid circuit of the air
conditioning loop and a low pressure fluid from a low
pressure fluid circuit of the air conditioning loop. In an-
other aspect, the first fluid of the heat exchanger 100 can
be a low pressure fluid from the low pressure fluid circuit
of theair conditioning loopand thesecondfluidof theheat
exchanger 100 can be a high pressure fluid from the high
pressure fluid circuit of the air conditioning loop.
[0043] According to above-described embodiments,
efficiency and pressure drop of the heat exchanger
100 can be regulated by switching the heat exchanger
100 to any one of the first configuration, the second
configuration and the third configuration. When high
efficiency and pressure drop are preferred, the heat
exchanger 100 can be switched to the first configuration.
When intermediate efficiency and pressure drop are
preferred, the heat exchanger 100 can be switched to
the second configuration. When low efficiency and pres-
sure drop are preferred, the heat exchanger 100 can be
switched to the third configuration.
[0044] All the above-described embodiments are just
to explain the present inventionwhilemoreembodiments
andcombinations thereofmight exist.Hence, thepresent
invention should not be limited to the above-described
embodiments alone.

Claims

1. Aheat exchanger (100) for thecirculationof at least a
first fluid and a second fluid comprising:

a first manifold (200);
a second manifold (300) arranged in a spaced
manner from the first manifold (200);
a first set of tubes (400) fluidically connected
between the first manifold (200) and the second
manifold (300), wherein the first fluid flows from
the first manifold (200) to the second manifold
(300) through the first set of tubes (400);
a second set of tubes (500) fluidically connected
between the first manifold (200) and the second
manifold (300), wherein the second fluid flows
from the first manifold (200) to the secondmani-
fold (300) through the second set of tubes (500);
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and
a third set of tubes (600) fluidically connected
between the first manifold (200) and the second
manifold (300), wherein

at afirst configuration, thesecondfluidflows
from the second manifold (300) to the first
manifold (200) through the third set of tubes
(600);
at a second configuration, the second fluid
flows from the first manifold (200) to the
second manifold (300) through the third
set of tubes (600); and
at a third configuration, the second fluid
does not flow through the third set of tubes
(600).

2. The heat exchanger (100) as claimed in preceding
claim,wherein thesecondset of tubes (500) together
with the third set of tubes (600) are stacked alterna-
tively with the first set of tubes (400).

3. The heat exchanger (100) as claimed in preceding
claim, wherein each tube from the second set of
tubes (500) and the third set of tubes (600), at both
sides, are in contact with one tube from the first set of
tubes (400).

4. The heat exchanger (100) as claimed in any one of
preceding claims, wherein a first channel (224) is
provided in the first manifold (200) and is fluidically
connected to the first set of tubes (400).

5. The heat exchanger (100) as claimed in preceding
claim, wherein a second channel (322) is provided in
the second manifold (300) and is fluidically con-
nected to the first set of tubes (400).

6. The heat exchanger (100) as claimed in preceding
claim, wherein the first fluid flows through the first
channel (224) and the second channel (322).

7. The heat exchanger (100) as claimed in any one of
preceding claims, wherein a third channel (222) is
provided in the first manifold (200) and is fluidically
connected to the second set of tubes (500).

8. The heat exchanger (100) as claimed in preceding
claim, wherein a fourth channel (226) is provided in
the first manifold (200) and is fluidically connected to
the third set of tubes (600).

9. The heat exchanger (100) as claimed in preceding
claim, wherein a fifth channel (324) is provided in the
secondmanifold (300) and is fluidically connected to
the second set of tubes (500) and the third set of
tubes (600).

10. The heat exchanger (100) as claimed in preceding
claim, wherein at the first configuration, the second
fluid flows through the third channel (222) and the
fourth channel (226), and does not flow through the
fifth channel (324).

11. The heat exchanger (100) as claimed in claim 9,
wherein at the second configuration, the second fluid
flows through the third channel (222), the fourth
channel (226) and the fifth channel (324).

12. The heat exchanger (100) as claimed in claim 9,
wherein at the third configuration, the second fluid
flows through the third channel (222) and the fifth
channel (324), and does not flow through the fourth
channel (226).

13. An air conditioning loop comprises:
at least one heat exchanger (100) as claimed in any
one of preceding claims.

14. The air conditioning loop as claimed in preceding
claim, wherein the first fluid is a low pressure fluid
froma lowpressure fluid circuit of the air conditioning
loop and the second fluid is ahigh pressure fluid from
a high pressure fluid circuit of the air conditioning
loop.
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