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(57) Abstract

The present invention relates to

a cooling system, especially for elec-
tronic components, comprising a her-
metically closed pipe conduit includ-
ing evaporator and condenser and uti-
lizing thermosiphon circulation of the

&

refrigerant used in the pipe conduit,
the evaporator being in heat conduct-
ing contact with a heat emitting com-
ponent to be cooled and absorbs heat
therefrom, the heat being transported
through the pipe conduit by the refrig-

X

erant to the condenser and dissipated
therein. According to the invention
the pipe conduit (3) includes a plu-
rality of evaporators (la, 1b, Ic) in
series, each being in heat conducting

contact with a heat emitting compo-
nent, and the condenser (2) is placed
so that the liquid level of the con-
densed refrigerant is below the upper-
most situated evaporator (1c) in the
pipe conduit (3). This is rendered pos-

—>’/\ —

sible by the increased pumping action
achieved by the evaporators (la, 1b,
1c) connected together in series in the
circulation direction after the evapora-
tors partly evaporated refrigerant used

in the pipe conduit (3).
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COOLING SYSTEM FOR ELECTRONICS

TECHNICAL FIELD

The present invention relates to a cooling system, and then
more particularly to a system for cooling electronic compo-
nents which utilizes a thermosiphon effect to circulate the
refrigerant used in the system. The system comprises an
hermetically closed pipe circuit which includes an evaporator
and a condenser, wherein the evaporator is in heat-conducting
contact with a heat-emitting component to be cooled and
absorbs heat therefrom, this heat being transported by the
refrigerant through the pipe circuit and to the condenser and
dissipated therein.

DESCRIPTION OF THE PRIOR ART

In principle a thermosiphon circuit is comprised of an
evaporator and a condenser which are incorporated in a pipe
circuit. The circuit is hermetical and is filled with a
coolant or refrigerant suitable for the purpose intended. In
order for the circuit to function, it is necessary for the
condenser to be located somewhat above the evaporator. When
heat is delivered to the evaporator, part of the coolant will
boil off and a mixture of liquid and gas rises up to the
condenser. The coolant condenses in the condenser and heat
is released. The liquid thus formed then runs back to the

evaporator under its own weight.

Thermosiphon circuits are normally very efficient heat
transporters, insomuch as heat can be transported through
long distances at low temperature losses. They can therefore
be used advantageously for different cooling purposes.
Furthermore, there is generally a great deal of freedom in
the design of the evaporator and condenser. In the context
of electronic component cooling, however, the components to

be cooled are normally very small, which means that the
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evaporator must also be small. The external cooling medium
used is normally air, which in turn means that the condenser
must have a large external surface area. In these contexts,
it can therefore be said that a thermosiphon circuit is an
apparatus with whose aid very large surface enlargements can
be obtained and that these surface enlargements can further-
more be placed at a long distance from the heat source.

One of the drawbacks with thermosiphon circuits is that the
condenser must always be placed higher than the evaporator.
In present-day electronic systems comprising a large number
of densely packed components of which several need to be
cooled, cooling is difficult to achieve because each of these
heat-emitting components requires its own evaporator with
associated condenser. Difficulties are encountered in laying
out the pipes that form the pipe circuits and also in
suitable positioning of the condensers.

SUMMARY OF THE INVENTION

The object of the present invention is to avoid the drawbacks
of existing thermosiphon circuits, by providing a cooling
system which does not require complicated pipe lay-outs, and
with which positioning of the condenser is not restricted to
the same extent as in earlier known systems of this kind.
This object is achieved with a cooling system having the
characteristic features set forth in the following Claims.

The invention is based on the concept that when more than one
evaporator 1is used, the evaporators can be connected in
series to provide a pumping action which will enable one or
more evaporators to be situated above the condenser liquid
level. This greatly increases the degree of freedom in
condenser placement. In an electronic component cooling
context, it may also be assumed that a number of components
located at mutually different heights will normally require

some form of additional cooling. In some cases, the liquid
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that is entrained with the gas that boils-off in the evapora-
tors is able to improve the function, whereas in other cases
the liquid can present a problem. However, the liquid content
of this two-phase mixture can be regulated to a great extent
with an evaporator construction of suitable design.

The invention will now be described in more detail with
reference to a preferred embodiment thereof and also with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic illustration of the principles of
a known thermosiphon circuit.

Figure 2 is a diagrammatic illustration of the principles of
an inventive thermosiphon circuit.

Figure 3 is a side view of an evaporator used in an inventive
thermosiphon circuit and also presents two different section-

al views of the evaporator.

Figure 4 illustrates an embodiment of the use of an inventive
thermosiphon circuit in a so-called multichip module.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Figure 1 illustrates schematically the principles of a known
thermosiphon circuit comprising an evaporator 1 and a
condenser 2 which are connected in a pipe circuit 3. The
circuit is hermetical and is filled with a cooling medium
suitable for the purpose intended. When heat is delivered to
the evaporator 1, part of the medium will boil off and a
mixture of liquid and gas rises up in the pipe circuit 3,
towards the condenser 2. The medium is condensed in the
condenser 2 and heat is released. The liquid thus formed then

runs back to the evaporator, under its own weight. The
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transfer of heat is shown schematically by the heavy arrows
in Figure 1, while refrigerant circulation is shown by the
smaller arrows. In order for the circuit to function, it is
necessary for the condenser liquid level to be slightly
higher than the evaporator.

Figure 2 illustrates diagrammatically the principles of an
inventive thermosiphon system. By connecting a plurality of
evaporators 1la, 1lb and so on in series in the pipe circuit
3, pumping of the refrigerant used in the pipe circuit can
be elevated, while the condenser 2 can be positioned so that
the level of the condensed liquid refrigerant therein lies
beneath the highest evaporator 1lc in the pipe circuit, as
evident from the Figure. The reason for this is because the
intrinsic weight, or dead weight, of the liquid leaving the
condenser 2 is much greater than the intrinsic weight, or
dead weight, of the two-phase mixture leaving the bottom
evaporator 1la. The two-phase mixture is therewith driven
upwards and the liquid entrained therewith can be used to
evaporate the liquid in the upper evaporators 1b, and so on.
This pump principle is known in the literature under the

designation airlift pump.

In this context, the function is improved by the liquid that
is entrained with the gas that boil off in the evaporators.
The liquid content of the two-phase mixture can be regulated
to a great extent by suitable choice of drive height, pipe
diameters and evaporator design. Practical tests have shown
that one heat transfer improvement factor is a combination
of high pressure and narrow passageways. Heat transfer
numbers have been measured which have a factor 5-10 times
higher than what is normal in other contexts in which boiling

media are used

Figure 3 illustrates the construction of an evaporator 1. A
metal body 4 includes an inlet chamber 5 and an outlet
chamber 6 which are mutually connected by a large number of
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narrow passageways 7 having a diameter of millimeter size.
The construction can be made so that the total mantle surface
of these pPassageways is much greater than the front surface
of the metal body. Heat transfer can be greatly improved in
this way, in certain cases.

An inventive cooling system finds particular use in connec-
tion with so-called multichip modules. A multichip module can
be said generally to comprise a capsule which contains more
than one microcircuit. In modern electronics, these modules
often have the form of a small circuit board with dimensions
that can vary from the size of a postage stamp to the size
of the palm of a hand. One of the advantages afforded by
multichip modules is that the microcircuits can be placed
close together and therewith enable high signal speeds to be
used. One of the drawbacks with multichip modules is that the
cooling problem is difficult to overcome.

A multichip module will often have a very large number of
electrical connections and must therefore be attached
parallel with the circuit board on which the module is used.
As a result, only one side of the multichip module can be
used for cooling with air, which presents a serious problem.
When cooling is effected from the carrier side, this side
must be a good conductor of heat and the microcircuits must
also be effectively coupled thermally to the carrier. When
cooling is effected from the microcircuit side, their compo-
nent carrying surfaces must face downwards and the cooling
body must also be adapted for connection to circuits at
different heights , at least in the majority of cases in
practice,. Problems which greatly restrict freedom of
construction thus occur in both cases.

It is therefore obvious that two-sided cooling, which can be
achieved with an inventive thermosiphon Circuit, would
provide significant advantages. The principle is illustrated
in Figure 4. A multichip module 8 is affixed parallel with
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a circuit board 9. Located on the carrier side of the
multichip module 8 is a fin cooler 10 with a condenser 2
integrated in the bottom plate 11. The condenser is suitably
comprised of a plurality of vertical passageways or channels
having a cross-sectional area optimal for the purpose
concerned. The evaporators la and 1b of the thermosiphon
circuit are situated on the microcircuit side of the module
8 and mounted on those microcircuits that have the highest
power losses. The cooling system operates in the same manner
as that described above with reference to Figure 2.

It is fully possible to drive the circulation in a thermosi-
phon circuit with solely some centimeters difference in
height between the level of liquid in the condenser and the
lowermost evaporator. Liquid can be delivered to the remain-
ing evaporators through the pumping action achieved with the
series connection described above. The level of liquid in the
condenser can therefore be kept low, which results in
effective use of the condenser surfaces.

It will be understood that the invention is not restricted
to the aforedescribed and illustrated embodiment thereof, and
that modifications can be made within the scope of the
following Claims.
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CLAIMS
1. A cooling system, especially for cooling electronic

components, comprising an hermetically closed pipe circuit
which includes evaporator and condenser and in which the
refrigerant or coolant used in the circuit is circulated by
a thermosiphon effect, wherein the evaporator is in heat-
conducting contact with a heat-emitting component to be
cooled and absorbs heat therefrom, this heat being transport-
ed through the pipe circuit by the refrigerant to the
condenser and dissipated therein, characterized in that the
pipe circuit (3) includes a plurality of series-connected
evaporators (la, 1b, 1lc), each being in heat-conducting
contact with a respective heat-emitting component, wherein
the evaporators (la, 1b, 1c) together enhance pumping of the
partially vapourized refrigerant used in the pipe circuit
(3), downstream of the evaporators; and in that the condenser
(2) is placed so that the liquid level of the condensed
refrigerant is below the uppermost evaporator (1lc) in the
pipe circuit (3), this being made possible by the enhanced
pumping action achieved by the series-connected evaporators
(la, 1b, 1c).

2. A cooling system according to Claim 1, characterized in
that each evaporator (1la, 1b, 1lc) is comprised of a heat-
conducting body (4) having a large number of narrow and
mutually parallel passageways (7) between a respective inlet
chamber (5) and outlet chamber (6) formed in said body and

connected to the pipe circuit (3).

3. A cooling system according to Claim 1 for multichip
modules (8) with the microcircuit side facing towards an
associated circuit board (9), characterized in that the
evaporators (la, 1b) are disposed on the heat-emitting
components of the multichip module (8), within said module;
and in that the condenser (2) is disposed outside the module

on its carrier side.
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4. A cooling system according to Claim 3, characterized in
that the condenser (2) includes cooling fins (10) which
extend outwardly from the module.

5. A cooling system according to Claim 4, characterized in
that the condenser (2) has the form of a fin cooler (10)
having vertical refrigerant passageways integrated with the
bottom plate (11).



WO 96/29553 1 / 2

PCT/SE96/00307

33—

\/
™3
/L Fig |
—
" 3
e :
> v
i Fig 2
Io \
- 3




PCT/SE96/00307

2/ e

LT Ll

WO 96/29553

—O

w

-

LLLLLLL L

/2
TR

SANNANANANNANNANNNNY

NANAAAAV SNANNNNANANNN

ARTATENANNANNNNNNNSSRY

N NN

NN

ANANNNNNNNNANNNNNNSSN

ARTERNNANANNNNNNANSR.

O O NN NN

ALAAAAAAANANANNNNNNER.

AAANNANANANNANNNNNNSNS

AANNNNNNNNNNNNNRNNASAY

SOUIIINUINNINNNNNNNNNY

I 7777777777777 ]

\

<

—

|
vs)
// /,/”

- 10

Fig 4

—

[

I 1 L

\

\

////////////V—/// T /H

AR T N RN

LN

(u)] 0

p—

la

SUBSTITUTE SHEET (RULE 26)



1
INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 96/00307

A. CLASSIFICATION OF SUBJECT MATTER

IPC6: F25B 23/00

According to International

F28D 15/02, HO1L 23/427, HO1F 27/18

Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPC6: F25B, F28D, HO1F, HO1L

classification symbols)

SE,DK,FI,NO classes as above

Documentation scarched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 22039 34 (BBC AKTIENGESELLSCHAFT BROWN, BOVERI 1-5
& CIE), 19 December 1985 (19.12.85), figures 2,5,
adherent text
A GB 2173413 A (THE FURUKAWA ELECTRIC CO LTD), 1-5
15 October 1986 (15.10.86), page 2, figures 2,3
A US 5203399 A (KOIZUMI), 20 April 1993 (20.04.93), 1-5
adherent text
A US 3609991 A (R.C. CHU ET AL), 5 October 1971 1-5
(05.10.71)

m Further documents are listed in the continuation of Box C. m Sece patent family annex.
hd Special categories of cited documents: “T* later document published after the international filing date or pnority
ean S ; date and not in conflict with the application but ated to understand
A* document defining the general tate of the art which is not considered . -
to be of partcular relevance the principle or theory underlying the invention
“E” erlier document but published on or after the international filing date *X* document of particular relevance: the claimed invention cannot be
oy » . : : idered novel or cannot be consdered to involve an inventive
L* document which may throw doubts on priority claim(s) or which is conm )
cited 1o establish the publication date of another ataton or other siep when the document is taken alone
specal reason (as specified) “Y* document of particular reievance: the claimed invention cannot be
*O” document referring to an oral disclosure, use, exhibition or other considered 1o involve an inventve step when the document is
means combmed'wi\h one or more plher_such documents, such combination
“P* document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed *&" document member of the same patent family

Date of the actual completion of the international search

27 June 1996

Date of mailing of the international search report

04.07.96

Name and mailing address of the ISA/

Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM

Facsimile No. +46 8 666 02 86

Authorized officer

Inger L6fving
Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1992)




2

INTERNATIONAL SEARCH REPORT Tnernational application No.

PCT/SE 96/00307

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Gitation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0245848 Al (BABCOCK-HITACHI KABUSHIKI KAISHA),
19 November 1987 (19.11.87)

US 4502286 A (OKADA ET AL), 5 March 1985
(05.03.85)

1-5

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

01/04/96 |PCT/SE 96/00307
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE-34- 22039 19/12/85 NONE
GB-A- 2173413 15/10/86 DE-A,A- 3507981 10/10/85
GB-A,B- 2156505 09/10/85
GB-A,B- 2172697 24/09/86
JP-C- 1490356 07/04/89
JP-A- 60188794 26/09/85
JP-B- 63038640 01/08/88
US-A- 4745965 24/05/88
JpP-C- 1663569 19/05/92
JP-B- 2039718 06/09/90
JP-A- 60263096 26/12/85
JP-A- 61076884 19/04/86
US-A- 5203399 20/04/93 DE-A- 4116044 21/11/91
JP-A- 4020788 24/01/92
UsS-A- 3609991 05/10/71 DE-A- 2046750 22/04/71
FR-A,A- 2065892 06/08/71
GB-A- 1314536 26/04/73
EP-A1- 0245848 19/11/87 SE-T3- 0245848
JP-A- 62266390 19/11/87
US-A- 5033539 23/07/91
US-A- 4502286 05/03/85 DE-A,A,C 3328732 16/02/84
JP-C- 1470096 14/12/88
JP-A- 59029985 17/02/84

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

