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(54) Heat exchanger

(57) A heat exchanger comprises a gas circuit and a
coolant circuit enclosed in a container and turbulators
(38, 40) arranged in the coolant circuit, between tubes
(18), for generating, in use, turbulences of the coolant

flow improving the thermal efficiency of the exchanger.
The turbulators (38, 40) are integrally formed in a single
turbulators plate (36) extending across a plurality of tubes
(18).
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Description

TECHNICAL FIELD

[0001] The present invention relates to heat exchanger
for automotive applications.

BACKGROUND OF THE INVENTION

[0002] A heat exchanger, here a gas cooler, of the prior
art comprises, enclosed in a container, a gas circuit and
a coolant circuit arranged to thermally cooperate so that,
gas flowing in longitudinal flat tubes of the gas circuit
cools down while coolant circulating between the tubes
heats-up.
[0003] As can be seen on figure 1, the longitudinal flat
tubes are stacked in a rectangular array arrangement of
four non-contacting columns and about sixteen non-con-
tacting rows.
[0004] To optimize the thermal exchange, turbulators
are arranged between the tubes, said turbulators aiming
at disturbing the coolant flow forcing it to oscillate in a
longitudinal direction. Although the skilled person often
identifies said features as turbulators, another more prop-
er designation is offset strip fins. Furthermore the longi-
tudinal flow direction of the coolant is also called the "hard
way" while the transversal direction is the "easy way" as
the obstacles are not as present as in the hard way.
[0005] First turbulators are arranged in the inter-rows
space, horizontal space as per the orientation of the fig-
ure, in between each two adjacent tubes of a column.
Said first turbulators aim at disturbing the coolant flow.
[0006] Second turbulators are arranged in the inter-
columns space, vertical space as per the orientation of
the figure, in between each two adjacent tubes of a row.
Said second turbulators aim at preventing the coolant
flow to shortcut said oscillating longitudinal path by "drop-
ping" into said vertical space or, simply to prevent said
coolant flow to deviate and change inter-rows in the inter-
columns space.
[0007] In the assembly and manufacturing process,
the setting up of the first and second turbulators is deli-
cate as the operators have to vertically stack columns of
sandwiches of tubes and first turbulators then, to hori-
zontally stack said sandwiches of columns and second
turbulators.

SUMMARY OF THE INVENTION

[0008] Accordingly, it is an object of the present inven-
tion to resolve the above mentioned problems in provid-
ing aheat exchanger comprising a gas circuit and a cool-
ant circuit enclosed in a container so that, in use, pres-
surized gas flowing in tubes and liquid coolant flowing
between said tubes are in thermal exchange. The heat
exchanger further comprises turbulators, arranged in the
coolant circuit, between the tubes, for generating, in use,
turbulences of the coolant flow improving the thermal ef-

ficiency of the exchanger. The turbulators are advanta-
geously integrally formed in a turbulators plate extending
across a plurality of tubes.
[0009] The turbulators plate integrally comprise first
and second sections of turbulators, each comprising pe-
riodic pattern corrugations with spatial period along a lon-
gitudinal axis and normal peak-to-peak amplitude along
a normal axis, perpendicular to said longitudinal axis. The
corrugations of the first section have smaller peak-to-
peak amplitude than the corrugations of the second sec-
tions.
[0010] The tubes have a flat cross section and are ar-
ranged in a stack of parallel rows, one turbulators plate
being arranged in the inter-rows space between adjacent
rows of tubes.
[0011] More particularly, each tube extends along the
longitudinal axis from one longitudinal end of the contain-
er to the opposite longitudinal end and, the rows of tubes
are arranged on a transverse direction from one lateral
end of the container to the opposite lateral end of the
container. The turbulators plate extends across the entire
area of the inter-rows space, in the longitudinal direction
from said one longitudinal end of the container to said
opposite longitudinal end and, in the transverse direction
from said one lateral end of the container to said opposite
lateral end of the container.
[0012] The arrangement of tubes is a two dimensional
rectangular array comprising a plurality of rows and a
plurality of columns.
[0013] According to specific embodiments, the heat
exchanger comprises at least four columns and at least
ten rows.
[0014] The columns are non-contacting reserving in-
ter-columns space and wherein the turbulators plates
comprise integrally formed first corrugated sections ar-
ranged in the inter-rows space and second corrugated
sections arranged in the inter-columns spaces. The tur-
bulators plates are arranged in neighbour inter-row spac-
es and cooperate with each other so that forming a con-
tinuous intermediate surface in the inter-columns space
between adjacent tubes of the same row. The surface
prevent the coolant to flow in the inter-column spaces.
[0015] The spatial period pattern of said corrugation is
substantially a square wave alternating flat heads por-
tions with flat feet portions.
[0016] The peak-to-peak amplitude of the corrugations
of the second section can be calculated as: 

where:

A40 is the peak-to-peak amplitude of the second sec-
tion,
A38 is the peak-to-peak amplitude of the first section
and,
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t18 is the tube thickness measured along the normal
axis.

[0017] The first section and the second section are ar-
ranged so that the second section extends above the first
section by half the tube thickness t and extends below
the first section by half the tube thickness.
[0018] The closed container within which are enclosed
gas and coolant circuits is provided with a gas inlet and
a gas outlet and, with a coolant inlet and a coolant outlet.
[0019] More particularly, the heat exchanger here
above described, in use, the gas in the gas circuit is pres-
surized carbon dioxide.
[0020] The invention further extends to a method to
manufacture a heat exchanger, the method comprising
the following steps:

a) providing flat tubes,
b) integrally forming corrugated turbulators plates,
c) stacking (130) a sandwich alternating a turbulators
plate (36) and rows (R) of tubes (18), the tubes (18)
being pre-positioned and maintained in place by the
turbulators, the tubes extending along a longitudinal
axis (L) and, the sandwich stack forming a two di-
mensional array of a plurality of rows (R) and a plu-
rality of columns (C) of tubes.

[0021] The method further comprises the steps:

d) providing a container,
e) arranging the stack of tubes and turbulators plate
in said container,
f) brazing the assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The present invention is now described by way
of example with reference to the accompanying drawings
in which:

Figure 1 is an exploded view of a heat exchanger.
Figure 2 is a detail of a tabulator plate as per the
invention.
Figure 3 is an isometric detail view presenting the
arrangement of tubes and turbulators plate of figure
2.
Figure 4 is a side view perpendicular to a longitudinal
axis of an arrangement of tubes and turbulators as
per the invention
Figure 5 is a section view perpendicular to figure 4
presenting arrangements of turbulators as per the
invention.
Figure 6 is a transverse section of the two-dimen-
sional array of the tubes of the heat exchanger as
per the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] To ease and clarify the following description the
orientation of the figures is arbitrarily chosen and, words
and expressions such as "above, under, below, as well
as horizontal or vertical..." may be utilized without any
intention to limit the invention. Also, similar features full
filling similar functions in different embodiments may be
identified with same reference numbers.
[0024] A heat exchanger, here a liquid cooled gas cool-
er 10, is sketched on the exploded figure 1. In a tri-axial
orthogonal reference system comprising longitudinal ax-
is L, transverse axis, T and, normal axis N, the gas cooler
10 comprises a parallelepiped rectangle container 12 en-
closing a gas circuit 14, for a gas to flow in two longitudinal
ways L and, a coolant circuit 16 for coolant fluid to flow
in oscillating about the longitudinal direction L.
[0025] The gas enters the container and flows in the
longitudinal direction and, the coolant enters the contain-
er 12 and also flows along the longitudinal direction in-
dicated by the large arrow FC. This longitudinal flow di-
rection of the coolant is known to be the "hard way" as,
the path followed by the coolant is more tortuous and
therefore the speed of the flow is reduced.
[0026] In another alternative, the coolant flows along
the transversal "easy way", where its flow speed is su-
perior. In the example chosen the coolant flows only one
time in the longitudinal direction before exiting the cooler
10. The example of figure 1 is non-limiting as many other
arrangements are known, especially gas cooler having
another number of tubes arranged in different setting of
rows and columns with flow in more than one direction.
[0027] Typically, the gas considered is carbon dioxide
CO2, also referenced R744 in the standard list of refrig-
erating fluids and, the coolant is typically a glycol-type
fluid.
[0028] The gas circuit 14 comprises flat tubes 18 ex-
tending along the longitudinal axis L and, in the trans-
verse plan TN perpendicular to said longitudinal axis L,
the tubes 18 are stacked in a two dimensional rectangular
array, as sketched in figure 6, comprising horizontal rows
R and vertical columns C. In said two dimensional array,
horizontal spaces identified as inter-rows spaces IR are
preserved between adjacent rows R and, vertical spaces
identified as inter-columns spaces IC are preserved be-
tween adjacent columns C.
[0029] The cross section, observed in the transverse
plan TN of the flat tubes 18 have two opposite long sides
20 distant from each other by tube thickness t18, the long
sides 20 extending along the transverse axis T and, said
long sides 20 being connected at their extremities by two
short sides 22, distant from each other by tube width w18.
The short sides 22 can be straight, forming a rectangle
cross section, or curved such as in an oblong cross sec-
tion.
[0030] At both their longitudinal extremities, the tubes
18 are sealingly and fluidly connected to manifolds 24
comprising the stack of a header plate, a distributor plate
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and of a closing plate, the latter also being a side plate
of the container 12. As visible on figure 1, one of the
closing plates is provided with inlet 32 and outlet 34 pipes
that are integrally formed in said closing plate. Alternative
embodiments exist where said inlet and outlet pipes are
arranged, for instance, on opposite closing plates.
[0031] The coolant flows in between the tubes 18 and,
in each inter-rows space IR a large rectangular turbula-
tors plate 36 is arranged. The turbulators are so desig-
nated while more formal names are offset, or non-offset,
strip fins. Said plate 36 extends across the entire inter-
row IR area, longitudinally from one header plate to the
opposite header plate and, transversally across all col-
umns C of tubes from one lateral side of the container
12 to the opposite lateral side.
[0032] The turbulators plate is now described in refer-
ence to figures 2 and 3.
[0033] The turbulators plate 36 is a one piece integral
plate that comprises longitudinal sections of first turbu-
lators 38 alternating with longitudinal sections of second
turbulators 40.
[0034] The first turbulators 38 comprise several corru-
gated strips, each having periodical square-shape pat-
tern with spatial period P38 along the longitudinal axis L
and, peak-to-peak amplitude A38 along the normal axis
N. Said strips are next to each other, the patterns being
longitudinally shifted so that globally, the direct longitu-
dinal direction is obstructed, as better visible on figure 4.
This better explains the designation of "hard way" for the
current flow along said direction. The turbulators reserve
transverse passages, figure 5, forcing the coolant to fol-
low a direction that is globally along said longitudinal axis
L but oscillates about the axis L. This oscillated path cre-
ates turbulences that improve the thermal exchange
compared to a straight laminar flow. Furthermore, said
first sections of first turbulators 38 have a transverse
width equal to the width w18 of a tube 18.
[0035] The sections of second turbulators 40 are nar-
rower as they aim to be arranged in the inter-columns
space IC in order to prevent the coolant from deviating
in said inter-columns space IC and change inter-rows IR.
Such a flow deviation would shortcut the coolant path
and would diminish the thermal performance. The sec-
ond turbulators 40 are also made of a corrugated metal
strip that has periodic square-pattern longitudinally L ex-
tending. Said square pattern of the second turbulators
40 has a spatial period P40 alternating heads 42 and feet
portions 44 and, it also has normal peak-to-peak ampli-
tude A40 with vertical, or normal, legs 46.
[0036] As already visible on figures 2 and 3 but now
detailed in reference to figures 4 and 5, the first turbula-
tors 38 have heads 42 and feet 44 portions in contact
with the flat tubes 18, so the first turbulators have, be-
cause of heat transfer performance, a peak-to-peak am-
plitude A18 equal to the inter-rows normal distance dIR.
[0037] The inter-columns space IC is occupied by the
second turbulators 40 with head portions 42 normally
aligned N and, feet portions 44 also normally aligned N.

In the stack arrangement the second turbulators 40 co-
operate and, in the inter-columns IC space an interme-
diate plan 48 is created alternating heads portion 42 of
the turbulators 40 that is below on figure 5 and feet por-
tions 44 of the turbulators 40 that is above in the stack.
The peak-to-peak amplitude A40 of the second turbula-
tors 40 is greater than the peak-to-peak amplitude A38
of the first turbulators. It is such that said intermediate
plan 48 is positioned on the median symmetrical plan MP
of a row R. Furthermore, said intermediate plan 48 is
created between each and every adjacent tubes 18 of a
row R. Indeed, as best observable on figure 4, the peak-
to-peak amplitude A40 of the second turbulators 40 is
chosen to normally N extend between two consecutive
median plan MP so said amplitude A40 can be simply
calculated as the sum of the first turbulators amplitude
38 plus the thickness t18 of the tubes. 

[0038] Relative to the intermediate plan 38, the second
turbulators 40 extend its amplitude A40 above and be-
yond the amplitude A38 of the first turbulators, by half
the thickness, t18 / 2, of a flat tube 18.
[0039] Certain steps of the assembly and manufactur-
ing processes 100 of the heat exchanger 10 are now
described.
[0040] An initial step 110 consists in providing individ-
ual components, such as flat tubes 18, turbulators plates
36, manifold 24 and container’s side plates.
[0041] A subsequent step 120 consists in stacking a
sandwich alternating a turbulators plate 36 and a row R
of flat tubes 18. In the example of figure 1, this stacking
step 120 would consist in arranging a turbulators plate
36 on a level surface and arranging a flat tube 18 in each
of the first sections of first turbulators 38. As the width of
a first section is equal to the width w18 of a tube 18, the
turbulators plates 36 enable to pre-position and maintain
in place the flat tubes 18. Said step 120 is repeated until
the number of rows is made.
[0042] Advantageously, the integral turbulators plate
36 ease the stacking as each tube 18 is pre-positioned
in a first section 38 and is maintained apart from its neigh-
bor tube 18 by a second section 40.
[0043] When the stack is completed, the following
steps consist in connecting the manifolds 24, enclosing
the stack in the container plates and joining the assembly,
for instance with a brazing operation.
[0044] The following references have been utilized in
this description:

10 heat exchanger - gas cooler
12 container
14 gas circuit
16 coolant circuit
18 flat tubes
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20 long side of the cross section of the flat tube
22 short side of the cross section of the flat tube
24 manifold
32 gas inlet pipes
34 gas outlet pipes
36 turbulator plate
38 first turbulators
40 second turbulators
42 head portion
44 foot portion
46 leg of turbulators
48 intermediate plan
50 height
52 coolant inlet pipes
54 coolant outlet pipes
100 Assembly and manufacturing method
110 providing step
120 forming turbulators plate
130 stacking step

L longitudinal axis
N normal axis
T transverse axis
R rows of tubes
C columns of tubes
IR inter-rows
IC inter-columns
P38 spatial period of the first turbulators
A38 peak-to-peak amplitude of the first turbulators
P40 spatial period of the second turbulators
A40 peak-to-peak amplitude of the second turbula-

tors
MP median plan of a row of tube
TN plan perpendicular to the longitudinal axis
t18 thickness of a flat tube
w18 width of flat tube
FC coolant flow direction

Claims

1. Heat exchanger (10) comprising a gas circuit (14)
and a coolant circuit (16) enclosed in a container (12)
so that, in use, pressurized gas flowing in tubes (18)
and liquid coolant flowing between said tubes (18)
are in thermal exchange, the heat exchanger (10)
further comprising turbulators (38, 40) arranged in
the coolant circuit (16), between the tubes (18), for
generating, in use, turbulences of the coolant flow
improving the thermal efficiency of the exchanger
(10), characterized in that
the turbulators (38, 40) are integrally formed in a tur-
bulators plate (36) extending across a plurality of
tubes (18).

2. Heat exchangers (10) as set in the preceding claim
wherein the turbulators plate (36) integrally comprise
first (38) and second (40) sections of turbulators,

each comprising periodic pattern corrugations with
spatial period (P38, P40) along a longitudinal axis
(L) and normal peak-to-peak amplitude (A38, A40)
along a normal axis (N), perpendicular to said longi-
tudinal axis (L), the corrugations of the first section
(38) having smaller peak-to-peak amplitude (A38)
than the corrugations of the second sections (40),
said turbulators also being identified as offset strip
fins.

3. Heat exchanger (10) as set in claim 2 wherein the
tubes (18) have a flat cross section and are arranged
in a stack of parallel rows (R), one turbulators plate
(36) being arranged in the inter-rows space (IR) be-
tween adjacent rows (R) of tubes (18).

4. Heat exchanger (10) as set in claim 3 wherein each
tube (18) extends along the longitudinal axis (L) from
one longitudinal end of the container to the opposite
longitudinal end and, the rows (R) of tubes (18) are
arranged on a transverse direction (T) from one lat-
eral end of the container (12) to the opposite lateral
end of the container, the turbulators plate (36) ex-
tending across the entire area of the inter-rows space
(IR), in the longitudinal direction (L) from said one
longitudinal end of the container (12) to said opposite
longitudinal end and, in the transverse direction (T)
from said one lateral end of the container (12) to said
opposite lateral end of the container (12).

5. Heat exchanger (10) as set in claim 4 wherein the
arrangement of tubes (18) is a two dimensional rec-
tangular array comprising a plurality of rows (R) and
a plurality of columns (C).

6. Heat exchanger (10) as set in claim 5 comprising at
least four columns (C) and at least ten rows (R).

7. Heat exchanger (10) as set in any of the claims 5 or
6 wherein the columns (C) are non-contacting re-
serving inter-columns (IC) space and wherein the
turbulators plates (36) comprise integrally formed
first corrugated sections (38) arranged in the inter-
rows (IR) space and second corrugated sections (40)
arranged in the inter-columns (IC) spaces.

8. Heat exchanger (10) as set in claim 7 wherein tur-
bulators plates (36) arranged in neighbour inter-row
(IR) spaces cooperate with each other so that form-
ing a continuous intermediate surface (48) in the in-
ter-columns (IC) space between adjacent tubes (18)
of the same row (R), said surface (48) preventing
the coolant to flow in the inter-column spaces.

9. Heat exchanger (10) as set in claim 8 wherein the
spatial period (P38, P40) pattern of said corrugation
is substantially a square wave alternating flat heads
portions (42) with flat feet portions (44).

7 8 
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10. Heat exchanger (10) as set in claim 9 wherein the
peak-to-peak amplitude (A40) of the corrugations of
the second section (40) can be calculated as: 

where:

A40 is the peak-to-peak amplitude of the second
section,
A38 is the peak-to-peak amplitude of the first
section and,
t18 is the tube thickness measured along the
normal axis.

11. Heat exchanger (10) as set in claim 10 wherein the
first section (38) and the second section (40) are
arranged so that the second section (40) extends
above the first section (38) by half the tube thickness
(t18) and extends below the first section by half the
tube thickness (t18).

12. Heat exchanger (10) as set in any one of the pre-
ceding claims wherein the closed container (12) with-
in which are enclosed gas and coolant circuits is pro-
vided with a gas inlet (32) and a gas outlet (34) and
with, a coolant inlet (52) and a coolant outlet (54).

13. Heat exchanger (10) as set in any one of the pre-
ceding claims wherein, in use, the gas in the gas
circuit (14) is pressurized carbon dioxide (CO2,
R744).

14. Method (100) to manufacture a heat exchanger, the
method comprising the following steps:

a) providing (110) flat tubes (18),
b) integrally forming (120) corrugated turbula-
tors plates (36),
c) stacking (130) a sandwich alternating a tur-
bulators plate (36) and rows (R) of tubes (18),
the tubes (18) being pre-positioned and main-
tained in place by the turbulators, the tubes ex-
tending along a longitudinal axis (L) and, the
sandwich stack forming a two dimensional array
of a plurality of rows (R) and a plurality of col-
umns (C) of tubes.

15. Method (100) as set in claim 14 further comprising
the steps:

d) providing a container,
e) arranging the stack of tubes and turbulators
plate in said container,
f) brazing the assembly.

9 10 
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