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(54) A HEAT EXACHANGER

(57) The present invention provides a heat exchang-
er for a vehicle that includes a first header, a second
header, a first tank, a second tank, heat exchange tubes,
a second tube and an intermediate tube. The first tank
includes an inlet and an outlet, adapted to be coupled to
the first header. The second tank is adapted to be coupled
to the second header. Further, the heat exchange tubes
is deployed in parallel to each other between the first
header and the second header. Further, the adjacent
tubes of the plurality of heat exchange tubes form first
tubes. The second tube disposed between the first head-
er and the second header, is in fluidic communication
with the first set of tubes. Further, the intermediate tube
located between the second tube and the first tubes, is
configured to block the fluid communication between the
first tank and the second tank.
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Description

[0001] The present invention relates to a heat ex-
changer, more particularly, to a compact heat exchanger
for use in a vehicle.
[0002] A vehicle generally includes a number of heat
exchangers, such as for example a radiator, evaporator
and a condenser. The heat exchanger for use in the ve-
hicle is required to be packaged in a limited space due
to space constraints and accordingly, is required to be
compact. Generally, compactness of the heat exchanger
is achieved by limiting the size of a core of the heat ex-
changer, particularly, either by limiting the length of the
heat exchange tubes or by reducing the number of heat
exchange tubes. Usually, in case of decreased length of
the heat exchange tubes the pressure drop is decreased,
whereas in case of decreased number of tubes the pres-
sure drop is increased. With increased pressure drop
across the heat exchanger core, problems with flow of a
first heat exchange fluid across the heat exchanger core
arises, particularly, a higher capacity pump is required
to cause the first heat exchange fluid to flow across the
heat exchanger core, thereby increasing the overall cost
of the coolant loop.
[0003] In order to address the problems with flow of
the first heat exchange fluid across the heat exchanger
core and inefficient performance of the heat exchanger
due to decrease in internal pressure drop across the heat
exchanger core, an additional tube is connected between
an inlet tank and an outlet tank of the heat exchanger. In
case of an I-flow or Z-flow, the inlet tank and the outlet
tank are disposed on opposite sides of the heat exchang-
er core. Whereas in case of the U-flow the inlet tank and
the outlet tank are disposed along same side of the heat
exchanger core and an intermediate tank is disposed on
a side opposite to the side on which the inlet tank and
outlet tank are disposed. Accordingly, the additional tube
configures fluid communication between intermediate
tank and outlet tank in case of U-flow and inlet and outlet
tank in case of I flow or Z flow. The additional tube has
larger cross section compared to the individual heat ex-
changer tube, consequently the flow rate through the ad-
ditional tube is greater than through the heat exchange
tube of the core. The main function of the additional tube
is fluid communication between the inlet tank and the
outlet tank, while providing a robust reinforcement of the
structure due to its shape. Although there is some extent
of heat exchange between the first heat exchange fluid
flowing through the additional tube and air flowing outside
the additional tube, such heat exchange is limited or min-
imal. More specifically, the additional tube forms a return
flow passage from the intermediate tank to the outlet tank,
in case the heat exchange tubes along with the additional
tube are configuring U-flow.
[0004] Similarly, the additional tube forms flow pas-
sage from the inlet tank to the outlet tank, in case the
heat exchange tubes along with the additional tube are
configuring I flow or Z flow. The additional tube is of rec-

tangular cross section that provides limited pressure drop
there across. The transition of flow from the additional
tube to an outlet pipe through the outlet tank is not smooth
and causes flow/ energy losses. Further, the outlet tank
and the outlet pipe faces packing issues. More specifi-
cally, the rectangular cross-section of the additional tube
provides a robust reinforcement to the whole structure
of the heat exchanger at low cost. During the operational
mode of the heat exchanger, the sub-components con-
tract and expand multiple times. Although the additional
tube improves the pressure drop across the heat ex-
change tubes, the presence of such tube may cause ther-
mal shock failure due to temperature gradient between
the additional tube and the other heat exchange tubes
during thermal shock cycle conditions. Further, low heat
exchange between additional tube and surroundings
may cause higher temperature of additional tube than
temperature of the other heat exchange tubes, so the
additional tube may expand more than of the other tubes,
thereby causing stress on the heat exchange tubes. Such
stress may reduce service life of the heat exchanger.
[0005] Accordingly, there is a need for a heat exchang-
er with features incorporated in either of an inlet tank, or
an outlet tank to improve internal pressure drop across
an additional tube and improve fluid flow through the ad-
ditional tube. Further, there is a need for a heat exchanger
that permits use of lower capacity pump for fluid flow
between the inlet tank and the outlet tank. Further, there
is another need to features incorporated in the heat ex-
changer that reduces stress generated on heat exchange
tubes and increases service life of the heat exchanger.
Further, there is need for a heat exchanger that exhibits
improved efficiency and performance due to decreased
internal pressure drop across the whole heat exchange
due to integration of additional tube.
[0006] In the present description, some elements or
parameters may be indexed, such as a first element and
a second element. In this case, unless stated otherwise,
this indexation is only meant to differentiate and name
elements which are similar but not identical. No idea of
priority should be inferred from such indexation, as these
terms may be switched without betraying the invention.
Additionally, this indexation does not imply any order in
mounting or use of the elements of the invention.
[0007] In view of the foregoing, an embodiment of the
invention herein provides a heat exchanger for a vehicle.
The heat exchanger includes a first header, a second
header, a first tank, a second tank, and a plurality of heat
exchange tubes. The first tank includes an inlet and an
outlet, adapted to be coupled to the first header. The
second tank positioned opposite to the first tank, is adapt-
ed to be coupled to the second header. Further, the plu-
rality of heat exchange tubes is deployed in parallel to
each other between the first header and the second head-
er. Further, the adjacent tubes of the plurality of heat
exchange tubes providing a fluidal communication be-
tween the first tank and the second tank form a first set
of tubes. The heat exchanger further includes at least
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one second tube and at least one intermediate tube. The
at least one second tube is having substantially rectan-
gular cross section, disposed between the first header
and the second header. Further, the second tube is in
fluidic communication with the first set of tubes through
the second tank. Further, the at least one intermediate
tube disposed between the first header and the second
header, is configured to block the fluid communication
between the first tank and the second tank, characterized
in that, the intermediate tube is located between the sec-
ond tube and the first set of tubes.
[0008] Further, the first tank includes a pair of baffles
configured to receive one end of the intermediate tube
to fluidly isolate the first tank and the second tank.
[0009] In one embodiment, the pair of baffles is pro-
vided in between the inlet and the outlet formed in the
first tank.
[0010] Further, both the first header and the second
header comprises slots to receive respective ends of the
first set of tubes and the second tube.
[0011] Further, each of the first header and the second
header includes an opening, complementary to the cross
section of the intermediate tube, to receive respective
ends of the intermediate tube.
[0012] In one embodiment, the opening is provided in-
line to the inlet formed in the first tank to enable fluid flow
into the second tube.
[0013] In another embodiment, the pair of baffles is
adapted to be fluid-tight contact with the first header cor-
responding to the slot receiving the intermediate tube.
[0014] In one embodiment, the intermediate tube is
non-heat exchange tube.
[0015] In one example, the cross-section of the second
tube is larger than of the cross-section of the tube forming
the first set of tubes.
[0016] Further, the second tube is provided at an end
of the heat exchanger and the inlet is provided on the
first tank in-line to the second tube.
[0017] Further, the first tank and the second tank are
crimped to the first header and the second header re-
spectively.
[0018] In one embodiment, the heat exchanger further
includes a gasket provided on each of the first header
and the second header to enable fluid tight connection
between the first and second headers and the first and
second tanks respectively.
[0019] Further, the inlet and the outlet formed in the
first tank are proximal with each other.
[0020] In one embodiment, the second tube is a re-
verse flow tube.
[0021] In another embodiment, the first tank is of var-
iable cross-section and the cross-section is decreasing
in a direction distal from the inlet and the outlet.
[0022] Other characteristics, details and advantages
of the invention can be inferred from the description 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 detailed
description when considered in connection with the ac-
companying figures, wherein:

Fig. 1 illustrates a perspective view of the heat ex-
changer, in accordance with an embodiment of the
present invention;

Fig. 2 is an exploded view of the heat exchanger of
Fig. 1;

Figs 3 and 4 illustrate perspective views of a first
tank and a second tank of the heat exchanger of Fig.
2 respectively;

Fig. 5 illustrates a perspective view of a first header
of the heat exchanger of Fig. 2;

Fig. 6 illustrates an exploded view of the heat ex-
changer of Fig 1, showing the first tank that is isolated
from the heat exchanger; and

Fig. 7 illustrates a cross-sectional view of the first
tank of Fig. 1 coupled to the first header, in which
one end of the heat exchange tubes and the second
tube are received therein.

[0023] It must be noted that the figures disclose the
invention in a detailed enough way to be implemented,
said figures helping to better define the invention if needs
be. The invention should however not be limited to the
embodiment disclosed in the description.
[0024] The present invention relates a heat exchanger
provided with an intermediate tube to reduce temperature
gradient difference across heat exchange tubes provided
in the heat exchanger. Generally, the heat exchanger is
provided with a reverse flow tube to improve internal pres-
sure drop across the heat exchange tubes provided in
the heat exchanger. The reverse flow tube may not effi-
ciently contribute on heat exchange, however, it contrib-
ute minimal heat exchange between the fluid flowing into
the heat exchange tubes and fluid flowing around the
heat exchange tubes. Further, the fluid flowing into the
reverse flow tube may be of higher temperature than the
fluid flowing in other heat exchange tubes, so the reverse
flow tube may expand more than of the other heat ex-
change tubes, thereby causing stress on the other heat
exchange tubes. Such stress may reduce service life of
the heat exchanger. To obviate such problems an inter-
mediate tube is provided between the reverse flow tube
and other heat exchange tubes. The intermediate tube
may be a dead tube that does not contribute in heat ex-
change function. The intermediate tube may reduce the
temperature gradient difference between the reverse
flow tube and other heat exchange tubes, thereby com-
pensating difference in temperature gradient between
the reverse flow tube and the other heat exchange tubes.
[0025] Figs. 1 and 2 illustrate schematic representa-

3 4 



EP 3 943 861 A1

4

5

10

15

20

25

30

35

40

45

50

55

tions of a heat exchanger 100, in accordance with an
embodiment of the present invention. In this example,
Fig. 1 is a perspective view of the heat exchanger 100
and Fig. 2 is an exploded view of the heat exchanger
100. The heat exchanger 100 includes a first header 102
and a second header 104 disposed opposite to the first
header 102. Further, a plurality of heat exchange ele-
ments 202 deployed in parallel to each other between
the first header 102 and the second header 104. The
heat exchanger 100 further includes a first tank 106 and
a second tank 108 opposite to the first tank 106. The first
tank 106 is adapted to be coupled the first header 102
and the second tank 108 is adapted to be coupled the
second header 104. The first tank 106 may include an
inlet 110 and an outlet 112 fluidically isolated from the
inlet 110. In other words, the first tank 106 may include
a partition to fluidically isolate the area in the first tank
106 corresponding to the inlet 110 from the area in the
first tank 106 corresponding to the outlet 112. In one em-
bodiment, the inlet 110 and the outlet 112 formed in the
first tank 106 are proximal with each other. Further, a
cross-section of the first tank 106 corresponding to the
inlet 110 is less than of the cross-section of the first tank
106 corresponding to the outlet 112. The inlet 110 is
adapted to ingress a heat exchange fluid into the first
tank 106 and the outlet 112 is adapted to egress the heat
exchange fluid from the first tank 106. In one embodi-
ment, the first tank 106 is crimped to the first header 102
and the second tank 108 is crimpled to the second header
104.
[0026] The plurality of heat exchange elements 202,
hereinafter referred to as heat exchange tubes, is dis-
posed between the first header 102 and the second head-
er 104 to provide fluidal communication between the first
tank 106 and the second tank 108. Further, adjacent
tubes of the heat exchange tubes 202 form a first set of
tubes 204. The heat exchanger 100 further includes at
least one second tube 206 having substantially rectan-
gular cross-section, disposed between the first header
102 and the second header 104. The second tube 206
can be a tubular element having rectangular section to
increase the pressure drop there across, thereby improv-
ing the fluid flow through the second tube 206. In one
embodiment, the second tube 206 is referred to as a re-
verse flow tube. The second tube 206 is in-line to the
inlet 110 to receive the heat exchange fluid. The heat
exchange tubes 202 forming the first set of tubes 204
receives the heat exchange fluid through the second tank
108. Thereafter, the heat exchange fluid is received in
the first tank 106, corresponding to the outlet area. Fur-
ther, temperature of the heat exchange fluid while enter-
ing into the second tube 206 is less as comparted to the
heat exchange fluid flowing in the first set of tubes 204.
Therefore, thermal expansion between the first set of
tubes 204 and the second tube 206 is not same, thereby
causing stress on the first set of tubes 204.
[0027] To avoid such stress, at least one intermediate
tube 208 is introduced between the first set of tubes 204

and the second tube 206. The intermediate tube may be
a dead tube that does not contribute in the heat exchange
phenomenon; however, such tube reduces the stress
generated on the first set of tubes 204. In one embodi-
ment, the intermediate tube 208 may be integrally defined
in the heat exchange tubes 202. In another embodiment,
the intermediate tube 208 may be attached to the heat
exchange tubes 202. The intermediate tube 208 is dis-
posed between the first header 102 and the second head-
er 104 of the heat exchanger 100. The intermediate tube
208 is configured to block the fluid communication be-
tween the first tank 106 and the second tank 108.
[0028] Figs 3 and 4 illustrate perspective views of the
first tank 106 and the second tank 108 of the heat ex-
changer 100 of Fig. 2 respectively. Fig. 5 illustrates a
perspective view of the first header 102 of the heat ex-
changer 100 of Fig. 2. The first tank 106 is crimped to
the first header 102 that includes slots 302 to receive one
end of the heat exchange tubes 202 forming the first set
of tubs 204 and the intermediate tube 208. The first head-
er 102 includes also an opening 304, complementary to
the cross-section of the intermediate tube 208, to receive
one end of the second tube 206 defining an entrance of
the second tube 206. Similarly, the second header 104
also includes the slots and the opening complementary
to the slots 302 and the opening 304 formed in the first
header 102. The second tank 108 is crimped to the sec-
ond header 104 that includes the slots 302 to receive
opposite end of the heat exchange tubes 202 forming
the first set of tubs 204 and the intermediate tubes 208.
The second header 104 further includes the opening 304
to receive the opposite end of the second tube 206. The
opening 304 provided in the first header 102 is in-line
with the inlet 110 formed in the first tank 106 to enable
fluid flow into the second tube 206. With such configura-
tion, the heat exchange tubes 202 and the second tube
206 configure fluid communication between the inlet 110
and the outlet 112. Further, the first tank 106 includes a
pair of baffles 210 configured to receive one end of the
intermediate tube 208 to fluidically isolate the first tank
106 and the second tank 108. The pair of baffles 210
may be provided in between the inlet 110 and the outlet
112 of the first tank 106.
[0029] Fig. 6 illustrates an exploded view of the heat
exchanger 100 of Fig 1, showing the first tank 106 that
is isolated from the heat exchanger 100. The pair of baf-
fles 210 provided in the first tank 106 is adapted to fluid-
ically isolate the inlet 110 from the outlet 112 in the first
tank 106. In other words, the pair of baffles 210 may act
as barrier to restrict direct fluid flow from the inlet 110 to
the outlet 112 in the first tank 106. Further, the pair of
baffles 210 may block an entrance 308 of the intermedi-
ate tube 208, thereby restricting fluid flow from the first
tank 106 to the second tank 108 through the intermediate
tube 208. Further, the inlet 110 provided the first tank
106 is in fluid communication with and supplies the first
heat exchange fluid received therein to the second tube
206. The second tube 206 receive the heat exchange
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fluid from the inlet 110 and deliver the heat exchange
fluid to the second tank 108. Thereafter, the heat ex-
change tubes 202 forming the first set of tubes 204 re-
ceives the first heat exchange fluid and delivers to the
outlet 112 formed in the first tank 106. Specifically, as
the heat exchange fluid flows through the heat exchange
tubes 202, the first heat exchange fluid undergoes heat
exchange with another fluid, preferably air, flowing
across and around the heat exchange tubes 202. The
outlet 112 formed in the first tank 106 is in fluid commu-
nication with and receives the first heat exchange fluid
collected in the second tank 108 through the heat ex-
change tubes 202.
[0030] The heat exchange tubes 202 and the second
tube 206 connecting the inlet 110 and the outlet 112 con-
figure either one of I-flow, U-flow and Z-flow between
inlet 110 and the outlet 112. In one example, the first set
of tubes 204 forms a return flow passage from the second
tank 108 to the outlet 112, in case the heat exchange
tubes 202 along with the second tube 206 are configuring
U-flow. The main function of the second tube 206 is fluid
communication between the first tank 106 and the sec-
ond tank 108, instead of heat exchange. Although there
is heat exchange between the heat exchange fluid flow-
ing through the second tube 206 and air flowing outside
the second tube 206, however, such heat exchange is
limited. The second tube 206 is of rectangular cross sec-
tion instead of circular section. In one embodiment, the
second tube 206 is provided at end of the heat exchanger
100 and the inlet 110 is provided in the first tank 106 in-
line to the second tube 206. The heat exchanger 100
further includes a gasket 306 provided on each of the
first header 102 and the second header 104 to enable
fluid tight connection between the first and second head-
ers 102, 104 and the first and second tanks 106, 108
respectively.
[0031] Further, the first tank 106 is of a variable cross-
section and the cross-section is decreasing in a direction
distal from the inlet 110 and the outlet 112. Similarly, the
second tank 108 is of a variable cross-section and the
cross-section is decreasing a direction distal from the
area in the second tank 108 where the second tube 206
is received. With such configuration, the heat exchange
fluid uniformly distributed in the heat exchange tubes
202. Such modifications in the first tank 106 and the sec-
ond tank 108 allows to decrease the internal pressure
drop across the heat exchange tubes 202 and promotes
fluid flow through the heat exchange tubes 202 and the
second tube 206, thereby enhancing the efficiency and
performance of the heat exchanger 100.
[0032] Fig. 7 illustrates a cross-sectional view of the
first tank 106 of Fig. 1 coupled to the first header 102, in
which one end of the heat exchange tubes 202 and the
second tube 206 are received therein. As shown in Fig.
7, the pair of baffles 210 is adapted to be in fluid-tight
contact with the first header 102 corresponding to the
slot receiving one end of the intermediate tube 208. Fur-
ther, the entrance 308 of the intermediate tube 208 is

received in between the pair of baffles 210, thereby clos-
ing the entrance 308 of the intermediate tube 208 and
blocking the heat exchange fluid flow from the first tank
106 to the second tank 108 through the intermediate tube
208. Further, the intermediate tube 208 is having same
cross-section as the heat exchange tubes 202 forming
the first set of tubes 204. The intermediate tube 208 may
be dead tube compensate the thermal expansion be-
tween the first set of tubes 204 and the second tube 206.
[0033] Initially, the heat exchange fluid may flow from
the inlet 110 provided in the first tank 106 to the second
tank 108 through the second tube 206. Thereafter, the
heat exchange fluid may flow from the second tank 108
to the outlet 112 provided the first tank 106 through the
first set of tubes 204 and simultaneously exchange heat
with the air flowing around the heat exchange tubes 202.
Due to such heat exchange between the first and second
heat exchange fluids, the temperature of the heat ex-
change fluid flowing in the first set of tubes 204 is lower
than the temperature of the heat exchange fluid flowing
in the second tube 206. Therefore, thermal expansion of
the second tube 206 is greater than of the first set of
tubes 204, that creates stress on the first set of tubes
204. Further, the intermediate tube 208 provided be-
tween the first set of tubes 204 and the second tube 206
may reduce difference between temperature gradient of
the first set of tubes 204 and the second tube 206. Due
to such reduction in difference between temperature gra-
dient of the first set of tubes 204 and the second tube
206, stress acting on the first set of tubes 204 is reduced,
thereby increasing service life of the heat exchanger 100.
[0034] Several modifications and improvement might
be applied by the person skilled in the art to a heat ex-
changer as defined above, and such modifications and
improvements will still be considered within the scope
and ambit of the present invention, as long as it is com-
prising a first tank having a pair of baffles, a second tank
and heat exchange tubes with a dead tube.
[0035] In any case, the invention cannot and should
not be limited to the embodiments specifically described
in this document, as other embodiments might exist. The
invention shall spread to any equivalent means and any
technically operating combination of means.

Claims

1. A heat exchanger (100), comprising:

a first header (102);
a second header (104);
a first tank (106) comprising an inlet (110) and
an outlet (112), adapted to be coupled to the first
header (102);
a second tank (108) opposite to the first tank
(106), adapted to be coupled to the second
header (104);
a plurality of heat exchange tubes (202) de-
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ployed in parallel to each other between the first
header (102) and the second header (104), ,
wherein the adjacent tubes of the plurality of
heat exchange tubes (202) providing a fluidal
communication between the first tank (106) and
the second tank (108) form a first set of tubes
(204),
at least one second tube (206) having substan-
tially rectangular cross section, disposed be-
tween the first header (102) and the second
header (104), wherein the second tube (206) is
in fluidic communication with the first set of tubes
(204) through the second tank (108); and
at least one intermediate tube (208), disposed
between the first header (102) and the second
header (104), configured to block the fluid com-
munication between the first tank (106) and the
second tank (108), characterized in that, the
intermediate tube (208) is located between the
second tube (206) and the first set of tubes (204).

2. The heat exchanger (100) as claimed in claim 1,
wherein the first tank (106) comprises a pair of baffles
(210) configured to receive one end of the interme-
diate tube (208) to fluidly isolate the first tank (106)
and the second tank (108).

3. The heat exchanger (100) as claimed in claim 2,
wherein the pair of baffles (210) is provided in be-
tween the inlet (110) and the outlet (112) formed in
the first tank (106).

4. The heat exchanger (100) as claimed in any of the
preceding claims, wherein both the first header (102)
and the second header (104) comprises slots (302)
to receive respective ends of the first set of tubes
(204) and the second tube (206).

5. The heat exchanger (100) as claimed in claim 4,
wherein each of the first header (102) and the second
header (104) comprises an opening (304), comple-
mentary to the cross section of the intermediate tube
(208), to receive respective ends of the intermediate
tube (208).

6. The heat exchanger (100) as claimed in claim 5,
wherein the opening (304) is provided in-line to the
inlet (110) formed in the first tank (106) to enable
fluid flow into the second tube (206).

7. The heat exchanger (100) as claimed in any of the
preceding claims 4 to 6, wherein the pair of baffles
(210) is adapted to be fluid-tight contact with the first
header (102) corresponding to the slot (302) receiv-
ing the intermediate tube (208).

8. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the intermediate tube

(208) is non-heat exchange tube.

9. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the cross-section of the
second tube (206) is larger than of the cross-section
of the tube (202) forming the first set of tubes (204).

10. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the second tube (206) is
provided at an end of the heat exchanger (100) and
the inlet (110) is provided on the first tank (106) in-
line to the second tube (206).

11. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the first tank (106) and
the second tank (108) are crimped to the first header
(102) and the second header (104) respectively.

12. The heat exchanger (100) as claimed in any of the
preceding claims, further comprising a gasket (306)
provided on each of the first header (102) and the
second header (104) to enable fluid tight connection
between the first and second headers (102, 104) and
the first and second tanks (106, 108) respectively.

13. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the inlet (110) and the out-
let (112) formed in the first tank (106) are proximal
with each other.

14. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the second tube (206) is
a reverse flow tube.

15. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the first tank (106) is of
variable cross-section and the cross-section is de-
creasing in a direction distal from the inlet (110) and
the outlet (112).
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