A 000 RN O

0 03/100339 A1l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 December 2003 (04.12.2003)

PCT

(10) International Publication Number

WO 03/100339 Al

(51) International Patent Classification”: F28F 13/00

(21) International Application Number: PCT/NL03/00406

(22) International Filing Date: 30 May 2003 (30.05.2003)

(25) Filing Language: Dutch
(26) Publication Language: English
(30) Priority Data:

1020708 29 May 2002 (29.05.2002) NL

(71) Applicant and
(72) Inventor: MEUZELAAR, Andries [NL/BE]; Krom-
mendijk 65, B-2382 Poppel (Ravels) (BE).

(74) Agent: VAN DEN HEUVEL, Henricus, Theodorus;
Patentwerk B.V., P.O. Box 1514, NL-5200 BN ’s-Herto-
genbosch (NL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR,BY,BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: HEAT EXCHANGER

(57) Abstract: The invention relates to a heat exchanger for motorized vehicles, comprising: at least one heat-conducting conduit
(3) for passage of a first medium (1), a covering of a thermally conducting porous structure (4) connected to an external side of the
conduit (3) for passage of a second medium (2) surrounding the conduit (3).



10

15

20

25

30

WO 03/100339 PCT/NLO03/00406

HEAT EXCHANGER

The invention relates to a heat exchanger for motorized vehicles, comprising: at least
one heat-conducting conduit for passage of a first medium, a covering of a thermally
conducting porous structure connected to an external side of the conduit for passage of a
second medium surrounding the conduit. The invention also relates to a motorized
vehicle pfovided with such a heat exchanger. The invention further relates to a method
for applying a heat exchanger arranged in a motorized vehicle, In addition, the invention

relates to methods for manufacturing such a heat exchanger.

In order to obtain the greatest possible heat transfer between the two media it is known
to provide conduits on an outer side with fins around which the second medium flows
(finned tube heat exchangers). Such heat exchangers are applied on large scale in
industrial, automotive and domestic applications. Characteristic of these constructions is
that the flow round these fins is laminar and that the dimensions of these fins and the
mutual distance between the fins is many times greater than the thickness of the
boundary layer in the second medium. It is known that the thickness of the boundary
layer increases in the flow direction, wherein this flow becomes turbulent at a certain
point (Reynolds number > 300,000). For instance in the case of air at atmospheric
pressure and gas flow speeds in the order of for instance 10 m/s, a distance is required
herefor of about 0.5 metre. With a conduit for a first medium with a diameter and fin
length shorter than this peripheral length, the flow is laminar, wherein the boundary
layer in the second medium has a thickness in the order of 0.1 to 0.4 mm. It is known
that the part of the second medium outside this boundary layer has no interaction with
the conduit or the fins around which flow occurs, and thereby makes no contribution
toward the heat transfer. This results in a fundamental limitation of the quantity of heat

that can be transferred with a laminar flow around a conduit or along a fin.

In addition to the above stated heat exchangers, heat exchangers corresponding with the
type stated in the preamble are also known in the prior art. Such a heat exchanger is
described in the French patent FR 2 414 081 (UOP Inc.), wherein the porous structure is
formed by a graphite foam. Such a porous three-dimensional structure can be

understood as a cubic or hexagonal grid, wherein the nodes are mutually connected with
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thermally conducting wires. Owing to the large number of wires in such a structure the
total heat-exchanging area generally increases very considerably. However, the heat
exchanger known from the UOP patent has a number of drawbacks. A significant
drawback of the known heat exchanger is that heat is transferred in relatively inefficient
manner from the first medium to the second medium (and vice versa). Because of the
relatively small pore size a substantial part of the second medium will flow along the
covering instead of through the covering, which generally reduces heat transfer
considerably, Particularly in the case of low flow speeds of the second medium - up to
about 20 m/s as is generally the case in motorized vehicles - the efficiency of the heat
transfer will be substantially comparable to the efficiency of the heat transfer in

conventional fius as discussed in the foregoing.

The invention has for its object to provide an improved heat exchanger for motorized

vehicles with which a more efficient cooling of the motor can be realized.

The invention provides for this purpose a heat exchanger of the type stated in the
preamble, with the feature that the number of pores per inch (ppi) of the porous
structure lies substantially between 20 and 50, and that the thickness of the covering lies
between 2 and 8 millimetres. The number of pores per inch lies more preferably
between 25 and 30 ppi. The number of pores per inch is reduced considerably compared
to the prior art, which results in a better flow through the covering and therefore a more
efficient heat transfer between the first medium and the second medium. Since heat
exchangers incorporated in motorized vehicles are subjected to freely inflowing gas
flows with relatively low flow speeds (up to about 20 metres per second) an optimal
boundary layer thickness round the conduit lies between about 0.4 and 0.5 millimetre. If
the pore diameter is greater than twice the boundary layer thickness, the interaction
between the second medium and the porous structure will then not usually increase
further. The pore diameter is therefore preferably limited to 1.0 millimetre, which
corresponds to about 25 ppi, and the pore diameter is preferably not made any smaller
than 0.8 millimetre, which corresponds to about 30 ppi. In the case the number of pores
per inch is less than 20, or at least 25, the heat exchanger can then be compared to a
conventional fin structure. Above 50 ppi as in the UOP patent the flow resistance
increases such that - as stated - a substantial part of the second medium will flow round

the porous structure instead of through the porous structure. By applying a covering
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with a thickness of between about 2 and 8 millimetres an optimal configuration of the
heat exchanger can be obtained, wherein the porous structure is built up of a plurality of

stacked pore layers.

The thermally conducting structure is preferably formed by a metal foam. A metal foam
has the advantage of being exceptionally heat-conductive, whereby the heat exchange
between the first medium and the second medium can be maximized. In a particular
preferred embodiment the metal foam is manufactured from at least one of the
following metals: copper, nickel and aluminium. In addition, it is possible to envisage
manufacturing the metal foam from an alloy. The covering is preferably provided with a
corrosion-resistant metal or a metal oxide in order to increase the durability of the heat

exchanger by preventing or at least countering degeneration of the heat exchanger.

In a preferred embodiment the wire thickness of the porous structure lies at least
substantially between 15 and 90 micrometres, in particular between 20 and 70
micrometres, more in particular between 30 and 60 micrometres. Such a wire thickness
can further increase the efficiency of the heat transfer between the first medium and the

second medium.

In another preferred embodiment the hydraulic external diameter of the conduit amounts
to a maximum of 10 millimetres. Since mention is only made of the hydraulic diameter,

the conduit can take very diverse geometric forms. Fin-like conduits or conduits formed
in other manner are thus possible in addition to cylindrical conduits, wherein the

hydraulic diameter does not exceed the limit of 10 millimetres.

A side of the covering directed toward the conduit preferably makes at least
substantially full thermal contact with the conduit. The heat transfer between the
conduit and the porous structure, or between the first medium and the second medium,

can thus be optimized.

In a preferred embodiment the covering is connected to the conduit via a thermally
conductive means. The thermally conductive means can be very diverse in nature. The
thermally conductive means can for instance be formed by a thermally conductive glue,

(soldering) paste, thermally conductive metal layer and so on. The thermally conductive
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means can be arranged in diverse ways, for instance by vapour deposition or by a
galvanic deposition process.

In another preferred embodiment the covering is constructed from at least one material
strip arranged helically round the conduit. It is thus possible to suffice with use of
relatively narrow metal strips which can be arranged round the conduit in relatively

simple manner.

The heat exchanger preferably comprises a plurality of mutually coupled conduits in
order to increase the overall heat transfer. In a particular preferred embodiment the
conduits are positioned at a distance from each other, wherein guide members are
arranged between the conduits for guiding the second medium to the covering. The

guide member can herein be of very diverse design.

The invention also relates to a motorized vehicle provided with such a heat exchanger.

The invention further relates to a method for applying such a heat exchanger arranged in
a motorized vehicle, comprising the steps of: A) carrying a relatively warm first
medium through the conduit, and B) carrying a relatively cool second medium through
the covering in order to cool the first medium. In a preferred embodiment the relatively
cool second medium is formed at least substantially by a gas flow, in particular an
airflow. In a particular preferred embodiment carrying of the relatively cool gas flow
through the covering as according to step B) takes place at a flow speed lying at least

substantially between 0 and 20 metres per second.

In addition, the invention relates to a method for manufacturing such a heat exchanger,
comprising the steps of: A) arranging a solder on an outer side of the conduit, B)
arranging the covering round the conduit while enclosing the solder, C) liquefying the
solder, and D) allowing the solder to solidify. The actual adhesion between the conduit
and the porous structure takes place during solidifying of the molten solder as according
to step D), wherein the contact between the conduit and a side of the porous structure

directed toward the conduit can be maximized.

In a preferred embodiment liquefying of the solder as according to step C) takes place

by heating the solder. Such a heating can take place indirectly, for instance by applying
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an electrical voltage preferably immediately and for a very short time, but can also take
place directly by increasing the ambient temperature of the solder. It is however also
possible to envisage applying other methods for bringing about mutual adhesion of the

conduit and the porous structure, such as induction soldering or chemical soldering.

The invention furthermore relates to a method for manufacturing such a heat exchanger,
comprising the steps of: A) bringing the conduit into contact with the porous structure,
and B) mutually adhering the conduit and the porous structure via an electrical and/or

chemical (galvanic) deposition process.

The invention will be elucidated with reference to non-limitative embodiments shown in
the following figures. Herein:

figure 1 shows schematically a conduit of a heat exchanger according to the invention
which is covered with a strip of metal foam,

figures 2a and 2b show respectively the boundary layer in the second medium in a
conventional heat exchanger and a heat exchanger according to the invention,

figure 3 shows a further development of the heat exchanger according to the invention,
and

figure 4 shows a graphic comparison of the heat transfer between a conventional fin

structure and a heat exchanger according to the invention.

Figure 1 shows as example a part of a conduit 3 through which flows a first medium 1,
such as water. Conduit 3, around which flows a second medium 2 such as air, is covered
with a thermally conducting three-dimensional structure 4, such as a per se known metal
foam. The meta foam here takes the form of a strip 8 which is wrapped helically round
the conduit. The connection of the metal foam to the conduit can be effected by means
known in this field, such as for instance by means of thermally conductive glue, a
thermally conductive paste, a soldering process, or by vapour deposition of an adhesive
and heat-conducting metal layer or by a galvanic deposition process. What is important
here is that a good thermal contact is created between the three-dimensional structure
and the wall of the conduit. A heat- conducting metallic compound is preferably used,
preferably on a basis of nickel, copper or aluminium. Depending on the application, a
corrosion-resistant metal or metal oxide layer can also be applied to the covering 4. The

metal foam consists of heat-conducting material, preferably of nickel, copper or
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aluminium or alloys thereof. The metal foam can optionally consist of layered
combinations of the above mentioned materials. The metal foam has a volume porosity
greater than or equal to 90%. The ppi (pores per inch) of the metal foam lies between 20
and 63, and is preferably 35.

Figure 2a shows the boundary layer in a conventional heat exchanger. The laminar
boundary layer is designated schematically here with dashed line 9. This boundary layer

has a thickness of 0.1 to 0.4 mm.

In figure 2b the virtual boundary layer is shown schematically by dashed line 10, this
line 10 practically coinciding with the outer periphery of the three-dimensional structure
4. The thickness of this virtual boundary layer can thus be varied by varying the
thickness of the covering. Limiting factor here is the thermal conduction in and through
the structure of the covering. With a correct dimensioning of the structure (ppi, type and
quantity of metal) an increase in the heat transfer by a factor of 5 to 10 is possible with a
laminar flow around the conduits. Because the dimensions of the openings in the three-
dimensional structure are of the same order of magnitude as the boundary layer, the
space taken up by this structure is utilized optimally for the transfer of heat, whereby
the diameter of the covered conduits is smaller than the space which, at the same heat
transfer, is occupied with the use of fins. Relative to the conventional heat exchangers a
space-saving of 25 to 50% is thus obtained. The table below shows an example of the
increase in heat transfer from a single thin-walled aluminium tube (300 x 7 mm),
through which water (F) flows, to an airflow when this tube is covered with a 2 mm-

thick layer of copper foam with a volume porosity of 96% and a structure of 35 ppi.

TABLE 1
Type / covering | Measured values
v(air) F(water) G tot
m.s -1 l.min -1 WK-1
None 9.5 0.77 0.7
Copper foam, 35 9.5 0.75 2.9
PPI, 2 mm thick 9.5 2.15 32
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The table shows that, at the same air speed (v), in the case of a tube covered with metal
foam according to the invention a substantial improvement results in the heat transfer

(G tot) from the first medium (water) to the second medium (air).

Figure 3 shows a usual construction of a number of parallel conduits 3 which are
covered according to the invention and arranged between two manifolds 3a and 3b for
the first medium such as water. Since these conduits 3 take up less space, it is efficient
to arrange between the conduits 3 guide members 7 which guide the second medium

such as air along the porous metallic covering.

Figure 4 shows a graphic comparison of the heat transfer (G) between a conventional
fin structure (line a) and a heat exchanger according to the invention (line b) at different
flow speeds of gas (v-gas) as second medium flowing along or through the heat
exchangers. The conventional fin structure is constructed from a cylindrical conduit
with an external diameter of 7 millimetres and a length of 1 metre. The conduit is herein
provided with 870 fins of 18.5 x 11.5 millimetres in accordance with heat exchangers
applied in existing vehicles (in particular of the Volkswagen make). The heat exchanger
according to the invention is constructed in this embodiment from the same cylindrical
tube with an external diameter of 7 millimetres and a length of 1 metre. Around the tube
is arranged a covering of copper foam with a thickness of 5 millimetres and a density of
2 kg/m2. The copper foam herein has a ppi of about 35. The gas flow speed in the
shown graph is the flow speed along the fins and through the copper foam and is not the
free inflow speed of the gas. The direction of displacement of the gas is herein at least
substantially perpendicular to the direction of displacement of a liquid (for cooling)
through the conduits. The graphic representation shows clearly that the heat transfer of
the heat exchanger according to the invention is significantly higher than the heat
transfer of the conventional fin structure. The graphic representation concentrates
particularly on relatively low gas flow speeds because of the intended application of the
heat exchanger in vehicles. It is particularly at such relatively low gas flow speeds that
an engine of a vehicle can be cooled much better and more efficiently by means of the
heat exchanger according to the invention than by means of the conventional fin
structure. Line b has an optimum at a gas flow speed lying between 1 and 2 m/s,
whereby a vehicle travelling very slowly - in contrast to the prior art - can be cooled in

relatively efficient manner by means of the heat exchanger according to the invention.
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Efficient and simple cooling of an engine of a vehicle travelling very slowly has

generally been perceived heretofore as a (great) problem.

It will be apparent that the invention is not limited to the embodiments shown and
described here, but that within the scope of the appended claims a large number of

variants are possible which will be self-evident for a skilled person in this field.
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Claims

1. Heat exchanger for motorized vehicles, comprising:
- at least one heat-conducting conduit (3) for passage of a first medium (1), and
- acovering (4) of a thermally conducting porous structure (4) connected to the
conduit (3) with an external side of the conduit (3) for passage of a second medium (2)
surrounding the conduit (3),
characterized in that the number of pores per inch (ppi) of the porous structure (4) lies
substantially between 20 and 50, and that the thickness of the porous structure lies

substantially between 2 and 8 millimetres.

2. Heat exchanger as claimed in claim 1, characterized in that the thermally

conducting structure (4) is formed by a metal foam.

3. Heat exchanger as claimed in claim 2, characterized in that the metal foam is

manufactured from at least one of the following metals: copper, nickel and aluminium.

4. Heat exchanger as claimed in claim 1 or 2, characterized in that the covering is

provided with a corrosion-resistant metal.

5. Heat exchanger as claimed in any of the foregoing claims, characterized in that
the wire thickness of the porous structure (4) lies at least substantially between 15 and

90 micrometres.

6. Heat exchanger as claimed in any of the foregoing claims, characterized in that

the hydraulic diameter of the conduit (3) amounts to a maximum of 10 millimetres.

7. Heat exchanger as claimed in any of the foregoing claims, characterized in that a
side of the covering directed toward the conduit (3) makes at least substantially full

thermal contact with the conduit (3).

8. Heat exchanger as claimed in any of the foregoing claims, characterized in that

the covering is connected to the conduit (3) via a thermally conductive means.
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0. Heat exchanger as claimed in any of the foregoing claims, characterized in that
the covering is constructed from at least one material strip (8) arranged helically round

the conduit (3).

10.  Heat exchanger as claimed in any of the foregoing claims, characterized in that

the heat exchanger comprises a plurality of mutually coupled conduits (3).

11.  Heat exchanger as claimed in claim 10, characterized in that the conduits (3) are
positioned at a distance from each other, wherein guide members (7) are arranged

between the conduits (3) for guiding the second medium (2) to the covering.

12.  Motorized vehicle provided with a heat exchanger as claimed in any of the

claims 1-11.

13.  Method for applying a heat exchanger as claimed in any of the claims 1-11
arranged in a motorized vehicle, comprising the steps of:

A) carrying a relatively warm first medium (1) through the conduit (3), and

B) carrying a relatively cool second medium (2) through the covering in order to

cool the first medium (1).

14.  Method as claimed in claim 13, characterized in that the relatively cool second

medium (2) is formed at least substantially by a gas flow, in particular an airflow.

15.  Method as claimed in claim 14, characterized in that carrying of the relatively
cool gas flow through the covering as according to step B) takes place at a flow speed

lying at least substantially between 0 and 20 metres per second.

16.  Method for manufacturing a heat exchanger as claimed in any of the claims 1-
11, comprising the steps of:

A) arranging a solder on an outer side of the conduit (3),

B) arranging the covering round the conduit (3) while enclosing the solder,

C) liquefying the solder, and

D) allowing the solder to solidify.

10
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17.  Method as claimed in claim 16, characterized in that liquefying of the solder as

according to step C) takes place by heating the solder.

18.  Method as claimed in claim 17, characterized in that heating of the solder takes

place indirectly by applying an electrical voltage.

19.  Method as claimed in claim 17, characterized in that heating of the solder takes

place directly by increasing the ambient temperature of the solder.

20.  Method for manufacturing a heat exchanger as claimed in any of the claims 1-
11, comprising the steps of:

A) bringing the conduit into contact with the porous structure, and

B) mutually adhering the conduit and the porous structure via an electrical and/or

chemical deposition process.

11
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