*1 SYSTEM FOR THERMALLY CONTROLLI NG AN APPARATUS _ _The_subject_ Of

the invention is a systemnaking it po§5|ble to thermally control a

of 1 heat wi th which it 15 placed in contact. The neat ﬁﬂllllﬁ[]Millﬂﬂlmmmo?'f v

continuously or intermttently. The invention is gpplied for
cooling said aforenentioned el enents during their ope_aﬂ—on' It’WaT)pl I ed
to any type of element, in particular to elenments of small size, such as
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el ectrical or electrochem cal devices in operation are the source of |osses
of energy that are manifested in the formof heat. Mniaturization, notably
of items of electronic equipnment, conbined with the increase in dissipated

power, reqw re an Ttﬁv@rsm?edtgéfytr@ ahentoe ishersysterdemilimgot pdwstisledevi ces in

order to k t t { t
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of externa Ve _C00 e evacuatlon of heat is therefore a crucial
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per unit of surface, area gre 2 curr need f ct and robust

systems maRieMENtE BbsePBl S'lz P& hee téé’k'g Bf’mﬁ‘{’é’ﬁﬁﬁﬁ ‘?r US8'%hat t he
itens of ecgomtpintmg comppaengxceed the nmaxi num adm ssi bl e tenperatures. These
systens are called thernal dissipation systens. There are
currently many sol uti ons based essentially on active cooling systens: mni
heat punp oper ati n§ll agleotrigahert elestioshemieal adevines yiol epeti@nbare vineh wat er
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etc. Mcrojets of air lets are | nstead o the
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in their range of operating tolerances. Outside certain temperature limits,
their performance is mediocre or even totally lacking. Moreover, certain items
of equipment must operate in hot and sunny climates and do this without
making use of sources of external active cooling. The evacuation of heat is
therefore a crucial problem, each element or device having to be kept at its
nominal operating temperature. Thus, faced with the increase in the thermal
power dissipated per unit of surface area, there is currently a need for
compact and robust systems making it possible to absorb the peaks of
thermal load so that the items of equipment do not exceed the maximum
admissible temperatures. These systems are called thermal dissipation
systems.

There are currently many solutions based essentially on active
cooling systems: mini heat pump operating according to a refrigeration cycle,
chamber with water circulation with or without change of phase, fan,
thermoelectric module, etc. Microjets of air or of water droplets are instead
dedicated to the cooling of the components and not of the systems.

Despite the performance that they provide, these devices
nevertheless have the following drawbacks. Most of these devices require an
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2 external energy source, they are relatively bulky or even noisy and their
mniaturization proves to be fragile aad of ten acconpani ed by a
deterioration in their efficiency. Passi ve operation based on
~solid/liquid phase-change materials (abbreviated to PCM (paraffins, etc.)
Is currently experiencing strong growh, but mainly in the fields of
construction and industrial processes. Their effectiveness is however
limted due to the noderate value of the |atent heat (approximtely 180
J/ g) and agxiesnall ¢nereyssmucehthayehre mglativelyebulkyres evemaooine asgnthed] | ed in
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vapor, a second.cavit esi gned tq,cont.ai.n the vapor r ting fromthe
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measuring the tenperature of the |iquid-vapor fluid contained in the cavity

or the wall te”per?ﬁHrs%bgcttotF?hQ?Yéééht invention is basedeh H%e CBAtbindtldn make It

possi ble to discharge the vapor fromthe cavity 1nto the environnent
creating aofieehnieal recluffonscagsableddand cakiraied 1ve aataredtain guhervabor
bal ance of céﬁl@olcé’?’étébh 6P th&inaINgiskipatibh Gsystemnt {ha$ i§ atahddloney paSsivaat i on of
a portion of the liquid, . . .

compact in certaih cases, has no environmental impact and has little volume

relative to the dissipated power.

The subject of the present invention is a system for cooling

housings or items of equipment likely to give off energy, characterized in that
it comprises at least the following elements:
' an enclosure comprising a membrane that is sealed to a liquid and
porous to the vapor of said liquid, said membrane separating the enclosure
into a first cavity designed to contain a fluid consisting of a liquid and its
vapor, a second cavity designed to contain the vapor resulting from the
vaporization of the liquid,

a temperature sensor suitable for measuring the temperature of
the liquid-vapor fluid contained in the cavity or the wall temperature of the
cavity, _

a device that will make it possible to discharge the vapor from the
cavity into the environment creating a vacuum in this cavity and breaking the
natural liquid/vapor balance of the cavity containing the liquid, thus causing a

vaporization of a portion of the liquid,



3 ’ a nmeans for controlling the flowrate of the vapor discharged
to the outside of the cavity, said congrol neans is regulated on the signal
delivered by the tenperature sensor. The liquid of the cavity is
~ for. exanple water, and the vapor is water vapor. The cavity
designed to contain the fluid consisting of liquid and vapor conprises, for
exanpl e, a hygroscopic material or a material with high capillarity.

The devi ce for dlscharglfg[the vapor to the outside of the cavjty may be a

punp, or a gas/vapdM&Ansr gglntﬁolllng the flow rateef thgwappr diseparagdily thee

l'i qui d- vap@utsfde%ﬂthaaéavﬁtw sEYHMR| s i8GBgHated8R the |ideliggratiact with
a surface of a device to be cooled, said surface S5, S20 in contact with

the item o?yglﬁ;eaﬁ%?t%%ﬁﬁaw tally or partially covered with a hydrophilic
porous material. The liquid oflire nemvity ais efor exansledvbier, eardntheevaporaisverti cal
posi tion, ggert\)agopaw ty containing the fluid is in contact wth the device
to be cool e The nmenbrane may al so be placed in a horizontal
position and the tWoe asviledesignedetd caniain ¢he dluid icansisting af Iwuudw aadwal | of
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Cn for senS?Ril2fthe 1iquid Ievel.

The device for discharging the vapor to the outside of the cavity
may be a pump, or a gas/vapor micro-pump.

The cavity comprising the liquid-vapor fluid has for example a
surface Ss, Sy placed in contact with a surface S1 of a device to be cooled,
said surface Ss, Sy in contact with the item of equipment being totally or
partially covered with a hydrophilic porous material.

The membrane is placed for example in a vertical position, and the
cavity containing the fluid is in contact with the device to be cooled.

The membrane may also be placed in a horizontal position and the
two abovementioned cavities are in contact with a wall of an element to be
cooled.

The cavity comprising the liquid is provided with an orifice allowing
the addition of liquid and with a sensor Cn for sensing the liquid level.

The cavity containing the fluid is, for example, provided with
cellulose, either a good heat-conducting capillary foam, or may be ribbed
provided with fins, thus ensuring the correct thermal operation of the device
irrespective of its inclination.

The system is, for example, used to cool a housing containing
electronic components or electrochemical components.

Other features and advantages of the device according to the
invention will appear more clearly on reading the following description of an
exemplary embodiment, given as an illustration and being in no way limiting,
appended to the figures which represent:

e Figure 1 represents the quuid-vapbr water balance diagram,
e Figure 2, a schematic diagram of cooling a device by evaporation, and
e Figure 3, a variant embodiment of the device of figure 2.



‘The cavity containing the fluid is, for exanple, provided with cellul ose,

ei ther a good heat-conducting capillary foam or may be ribbed provided
with fins, thus ensuring the correct thermal operation of the device
_irrespective of its inclination. The systemis, for exanple, used
to cool a housing containing el ectronic conponents or el ectrochem cal
conponents. O her features and advantages of the device according
to the invention will appe nore clearly on reading the fallow ng
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Typi cal |y, gﬁb rueéf Ial gerating fluids that are not harnful and have slight
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Figure 1 summarizes in a temperature-pressure diagram the

water-vapor balance diagram, with the saturation pressure curve | and the
latent vaporization heat curve Il of the water.

In a closed enclosure, such that the partial vapor pressure P is
below the saturation pressure (which is a function of the témperature T), the
water is vaporized by drawing energy from the environment, that is to say in
the case of the present example, either in liquid water, or at the item of
equipment to be cooled, until the partial pressure of the vapor is equal to the
saturation pressure.

Figure 2 shows a first exemplary embodiment of the invention
comprising for example a device 1 to be cooled which dissipates energy
(intermittently or continuously) and which is placed in contact with a thermal
control system or thermal dissipation system 2 according to the invention.

The thermal control system according to the invention consists of
an enclosure or cavity 3 comprising a membrane 4 that is porous to water
‘vapor and sealed to liquid water, in the example given in which the fluid used
is water, said membrane separating the enclosure into two portions 5, 6 or
cavities. A first cavity 5 contains fluid consisting of water and vapor, a second
cavity 6 will contain water vapor only. The liquid water of the cavity 5 is
vaporized according to the curve | of figure 1, the temperature of the cavity 5
being influenced by the heat dissipation produced by the item of equipment
to be cooled. A temperature sensor 7 suitable for measuring either the
temperature of the liquid-vapor fluid contained in the cavity or reserve 5, or



‘Figure 1 sunmarizes in a tenperature-pressure di agramthe water-vapor

bal ance diagram w th the saturation pgessure curve | and the | atent
vapori zation heat curve Il of the water. In a closed encl osure,

_ such that the partial vapor pressure P is below the saturation pressure
(which is a function of the tenperature T), the water is vaporized by
drawi ng energy fromthe environment, that is to say in the case of the
present exanple, either in liquid water, or at the item of equipnment to be
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‘6 operation of the punp 8 by the sensor 7 makes it possible to trigger the
vaporization of the liquid water in thg cavity 5 w thout the water

t enperature reaching 100C (boiling tenperature of the water under :
_atnospheric pressure, thus allowing an effective cooling and therefore a
control of the tenperature of the item of equi pnent. The evaporation of the
water in the cavity 5 is virtually instantaneous. Thus, the tinme constant
of the systemaccording to the invention may be extrenmely slight. This tine
const ant  deprigtian i theepwiper &t e se0eor 7| Bakeatk Ppeebleutefrigaerithe punp 8,
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cavity 5 cenvienmeadt-with water through the 7

The size of the cavity 5 is calculated so that the reserve of liquid
water is sufficient to fully absorb energy given off throughout the period of
operation of the item of equipment the temperature of which is controlled. A
rapid temperature increase signaled by the temperature sensor 7 indicates
that all the liquid water has been vaporized and that it is necessary to add
water through the orifice provided for this purpose.

According to one variant embodiment, a wall of the device to be
cooled is used as a wall to the cavity containing the liquid. In this case, either
the system is incorporated into the device to be cooled and no longer added
to the device to be cooled, or it is added to the device. In the latter case,
coupling and sealing means are provided as a consequence and the liquid is
inserted into the cavity once the device of which the object is to cool the item
of equipment is associated with said item of equipment.

The system according to the invention may also operate
continuously provided that the cavity 5 can be fed with water through the



‘orifice 9 connected to the pipe T provided for this purpose, either
continuously, or intermttently when the water level in the cavity 5
beconmes too low. The liquid |level may be determ ned by virtue of a |evel
~sensor Cn for sensing liquid in the cavity 5. This |level sensor may be
mechani cal , visual or any other neans allowing the liquid |level to be
detected. The sensor may be connected to a device not shown in the figure
whi ch all ows an automatic trlg%erlng of the filling with liquid when the
threshol d péfies 9 scomneatedictedhe pipe T providegues thigupurrases ueitRel to t he
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‘9 evaporator of the heat pipe itself being in contact wwth the el enent or
the el enments that dissipate the energy, The energy dissipated by the item
of . equi pnrent wi ||l be absorbed by the IPqui d water after conveyance by the

~ heat pipe. Wth respect to change of |iquid/vapor phase, the flow of heat

bet ween the el ement or el enents conponents and the liquid water may be very

great (nore than 1 WcnR2) while naintaining a very slight tenperature
difference (a few degrees) between these two el enents. I n order
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the cavity or reserve 21 or the temperature of the wall separating the item of
equipment 1 and the cavity 20 is connected to a pump 8, will make it possible
to discharge into the environment the water vapor of the tank creating a
vacuum and breaking the natural liquid/vapor balance of the tank containing
the liquid water, thus causing a vaporization of a portion of the liquid water.
As in the example of figure 2, the cavity 20 is provided with an orifice 9
alliowing the addition of liquid and with a liquid-level sensor which may be
visual or mechanical.

The idea of the present invention lies on the one hand in the use
of the latent evaporation heat of the water as a heat sink and on the other
hand in the control of the vapor pressure. This vaporization requires energy,
in the case of water of the order of 2 200J/g. This energy is taken from the
liguid water and from its tank which has the effect of lowering the
temperature of the water thus creating a flow of heat from the item of
equipment to the tank or device according to the invention. This cold zone at
the liquid water makes it possible to lower the temperature of the housing of
the item of equipment, hence to lower the temperature of the electronic
components or other elements dissipating heat but which must be kept at low
temperature. The thermal design of the whole device to be cooled and
thermal control system according to the invention must be adapted on a
case-by-case basis in order to optimize the heat exchanges. For example,
the wall between the item of equipment 1 and the cavity containing the liquid
or the liquid-vapor fluid 20 could be the condenser of a heat pipe, the



'l - ‘A systemfor cooling housings or itens of equipnment likely to give off
energy, characterized in that it conprgses at |least the follow ng el enents:
an. enclosure (3) conprising a nenbrane (4) that is sealed to a liquid and
porous to the vapor of said liquid, said nenbrane (4) separating the
enclosure into a first cavity (5) designed to contain a fluid consisting of
aliquid and its vapor, a second cavity (6) designed to contain the vapor
resulting fromthe vaporization of the |iquid, _ a tenperature
sensor (7)evanorater offtbe heatspipentpelihbeinanpeseittaciewsh thaeslpmemt @ tBgor fluid
Cogt al ”Ed(éélﬁn{éﬂﬁst ! tffﬁlé{t' ahés(o%}e Qitﬁetéiﬁ,rg\?: Th%eéﬁ&d_ Q@Lméﬁpgfteﬁt b¢ tﬁ@mdfru df5% ]

a device that w, e i ossihl e to discharge the vapo ro e
cavity (6)® LHP@%H@’"U%@E@HM 8%?@%1 Iayg v&at@é@ﬁgﬁpgﬂvq%ngeit&,{h@yhﬁ%]) and
P_r ea_kijng Lﬂige.ﬂWiﬂf Rispectity eharegeoof plianapoophades tha\fiot/\yoil( h¢atcisttvaieni ng t he

i quid, thys causi a .V riz 0 i , a
means for @‘8&%?’5\6]"?%6 eﬁ{ﬁg? Po%%%?%’ng% aﬁ HSR\é/tzla'Sg{ra \&%’;setéﬁ?)éggl{{egy tgﬁeeatout si de
of the cavimgre thand \dbemflovhiteemaintainingg et slight temperaturgndiffecasiceder ed by
t he tenper ' The systemas clainmed in claim1,
X %WHQ%I%EEZQEM{%G)W tlhgale éwo eleménfs.

characterized | _ s water, and the vapor is water vapor.
3 - The system as @l endesdoiilustiate the operationceline expten asrardingdocthe ¢ v

desi gned tgvepidmidniMmeefddéxhrfplsi Hivahdbdlbwl i qui d and vapor conprises a
hygr oscopi ¢ mat eri or a materia a The
r

_ Rl i trl V\érthihi}%-h caEiII rrnlg%]l ible 4 - -
system as cl ai med ASSWRE 36 SCqeRtTHE ™Cre fliaphtagh) Bump, makfg; i pessible Re devi ce
(8) for di pamar@inigmirhef waer vamort ate601@ $n dise chvith¢6)cand topnssmanganp, or a
Sas vancr  BgBhRaP WiRer of 0241, T8 o USEAR SPETT MO B B |
has a surf causeS5an SA@poratinrd of H.@Hre/min ofiligida water, akkiclsrepfesgngednce to be
cool ed, sahgssiHblasfveror $IV. THus a cavity (5) of 16 cm® initially filled with liquid

water will be equivalent to a heat sink that can absorb 2.7 W for more than 3
hours. The overall volume of the system according to the invention, micro-
" pump included, is of the order of 50 cm?.

The cooling system according to the invention notably makes it
possible to obtain a large capacity of energy transfer for a limited volume and
a low electrical consumption. Consequently, it is possible to manage high
thermal powers for a low space requirement, which is not the case with the
cooling systems known to the Applicant. This system may either be
incorporated into the housing to be cooled, or designed as an optional
element that would be mounted onto the housing when the operating
conditions require. '



'11 contact with the item of equipnment (1) being totally or partially
covered with a hydrophilic porous mategy al . 6 - The system as
claimed in claim5, characterized in that the nenbrane (22) is placed in a
~vertical position, and in that the cavity (20) containing the fluid is in
contact with the device to be cool ed. 7 - The system as clai ned
in claim5, characterized in that the nenbrane (4) is placed in a

hori zontal position and in that the two cavities (5) and (6) are in contact
with a wall of an element to be coolC(deAIMS 8 - The system as cl ai med
in claiml, characterized in that the cavity (5) corrprising the liquidis
provided with an orlflce g, the addition o th a

9) .all o
sensor Cn for sens! mgAt3yste ’1)‘(1‘9'1’ eocpg\gehousmgs or itemsgot e g ?gﬁ\y cl ai med

in one of givai 6% dndrgy,’ chahta@rtdel irzabaf it thmprisée ataleasy tlme)rfbtkowungg t he
fluidis prow d«?d with cellul ose, either a good heat-conducting capillary
foam or k? ¥i bbed provided with fins, thus ensuring the correct

t hermal operation af ambsuea'l(a)ecomlpelsp\gcalmerrﬂnfame $4) thatiinseatad to a

10 - The SN%?’%&&SBS o%'s”iﬁdtgbr\/a%%‘? A sefd fHTR, JsaFoon%mSH%ﬁléa(% %’ébé?‘é?!mb” t hat

t he device housi ng "cont ai ni ng tronig onents
or el ect r otfteei@asurednisoa dinstcavity (5) deS|gned to contaln a fImg conS|st|ng o

liquid and its vapor, a second cavity (6) designed to contain the vapor
resulting from the vaporization of the liquid,

a temperature sensor (7) suitable for measuring the temperature
of the liquid-vapor fluid contained in the cavity (5) or the wall temperature of
the cavity (5),

a device (8) that will make it possible to discharge the vapor from
the cavity (6) into the environment creating a vacuum in this cavity (6) and
breaking the natural liquid/vapor balance of the cavity (5) containing the
liquid, thus causing a vaporization of a portion of the liquid,

a means for controlling the flow rate of the vapor discharged to the
outside of the cavity, said control means is regulated on the signal delivered
by the temperature sensor (7).

2 — The system as claimed in claim 1, characterized in that the
liquid is water, and the vapor is water vapor.

3 — The system as claimed in claim 1, characterized in that the
- cavity designed to contain the fluid consisting of liquid and vapor comprises a
hygroscopic material or a material with high capillarity.

4 — The system as claimed in one of claims 1 to 3, characterized in
that the device (8) for discharging the vapor to the outside of the cavity is a
pump, or a gas/vapor micro-pump. '

5 — The system as claimed in claim 1, characterized in that the
cavity (5, 20) comprising the liquid-vapor fluid has a surface Ss, Sy placed in
contact with a surface S; of a device to be cooled, said surface Ss, Sz in
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contact with the item of equipment (1) being totally or partially covered with a
hydrophilic porous material. '

6 — The system as claimed in claim 5, characterized in that the
membrane (22) is placed in a vertical position, and in that the cavity (20)
containing the fluid is in contact with the device to be cooled.

7 — The system as claimed in claim 5, characterized in that the
membrane (4) is placed in a horizontal position and in that the two cavities
(5) and (6) are in contact with a wall of an element to be cooled.

8 — The system as claimed in claim 1, characterized in that the
cavity (5) comprising the liquid is provided with an orifice (9) allowing the
addition of liquid and with a sensor Cn for sensing the liquid level.

9 — The system as claimed in one of claims 1 to 7, characterized in
that the cavity containing the fluid is provided with cellulose, either a good
heat-conducting capillary foam, or may be ribbed provided with fins, thus
ensuring the correct thermal operation of the device irrespective of its
inclination.

10 — The system as claimed in one of claims 1 to 9, characterized
in that the device (1) to be cooled is a housing containing electronic
components or electrochemical components.



