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I nvention The present invention relates to a cﬂmm’mmmmmmﬁw Mor e
partic present invention rel ates ol i ng system and
a met hwlﬁmmmuﬂ@m H' g heat generating devices, such.gagsd«ntegrated circuits
or chi p pray cooling system Background of the Invention 10
Recent 1 ncr@@@®s in m croprocessor processing speeds have been achi eved by

i ncreases in transi st 0SPRANSGOOENG MEATHBD ANChAPPARATOSs. Wil e a

m croprocessor operates, it generates an anount of heat proportional to the
nunber of transistors. This heat needs dissipati ng; otherwise it creates
thermal st lelslsaitthmetntla fects the m croprocessor's performnce. The probl em

gencrated wi (i aPeR bp8BocteRied F2 toaind dybEf et Harolfe

.di ssi pati cprekmrrtmmstlor{)raatepm iacspraf coaiay syetea'r andadz rluythad rfmccmpmgdmasor SO
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"t echni quessysteoor por ati ng heat sinks and/or fans are WI dely used for cool i ng
m croprocessors in enclosed systens in which mcroprocessors are installed.
However, cooling efficiency is generally limted to the size of cooling fan
and heat sBadkgra2fd lohthedneentippl i cati ons, for exanple, in mlitary avionics
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found to HUCKHMAEYSherhee e itobeh g et He et Bk reh3Blor dBSiver g
conpl é%i tythe grehterctbbihegt germaated within aenpﬁen Fea andttlhe otones difficutivsnffident ool i ng
et hods. 1 s RRlbh G 8LcS PORYRERG! b e QES, B Al AL HTCLIREPXSTRA y O

cool i ng capaci I'cs ifncrease in
the rate ocfanhemtrk ufdén Lts rdesigngirefeired tnmnmatecb tbﬁc@mescmutlcaigforettlhmds.

This is d s of convection cooling plus vaporisation
cool i ng. gge[ LJI]LEé"b(?rl catnq:?fqp %s%gﬁ)ll 01741 describes a spray cooling device
for 5 spraying eI ectronic corrponents in an encl osed chassis. It

t | ' |
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time, whetwigelyi tusadeder i ¢coating nmlcromx:esﬁtormum i erriosed \A@stentsl| ngﬁmch
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device. A @@W%%&Jéﬁiggf%ﬁ'g% l'e-*sowg}lée} ai reg?eﬁdﬁ)GI ntc9ﬁ]g&%3%é"§/t Imﬁ%iﬁ heat
gener at i ngsizReefi apelingfanandihestsiok-boar d. The nozzles and circuit board are

enclosed in a seal ed conpartnent. Such seal ed conpartnments do not allow

flexibility of any reworking or nodifications.
In some applications, for example, in military avionics equipment, electronic

modules are normally not allowed to have direct contact with air, which might

otherwise be used as a cooling medium, as air contaminants will cause damage to

the equipment. Instead, the common method of cooling involves conduction heat

transfer from the modules to a cold wall. However, with expected high transistor
30 densities, such systems would not deliver sufficient heat dissipation.

Spray cooling techniques have been investigated in the search for better
cooling. They have been found to have high overall rating in various aspects such as
cost, weight, complexity, and cooling capacity in comparison with other known

35 cooling methods. In particular spray cooling provides a quantum improvement of

cooling capacity for electronics, in the order of a 100-fold increase in the rate of heat



15 SUMWWARY OF THE INVENTION It is an object of the present invention to
provide a spray cooling system which preferably overcones or at |east

" partially alleviates drawbacks with existing systens. 20 According to one
aspect of the present invention there is provided a spray nodule for
removably mounting in a spray cooling @ssenbly, which assenbly is for
cooling a plurality of heat sources, the spray nodule conprising: a cavity
within a fﬁp nerrtwalywhcfrocombmedltmairgcwlie@matm@s\f|Dhi@| is dege &nthengarobiped t f or
receiving i | A4 nd body noveable relative to
the first %%gilslcg%?&)é%tr{g %?%?@fqﬁ%&g% '°§8§§1?@ons and a plurality of

out put ports being in fluid comrunication with the cavity when the second
body is in the n r t fLr tepf fluid
30 connunlcatlJ%ﬂgﬁiﬁ @ﬁéﬁ&ksp fﬁgﬁ@hyt éﬁgéﬂgﬁdbH%gqugxmﬁ??%gegfop

.posi ti &n repraying eleconih gompensnthindgn erweseddainagsis.o ltecontivunslyssnpayst fluid t he
bresent | {HzRh) Mo, #0daPERLACHLA, ARLRL GBRYIAS IR SHSHGOTRL | S 10 &
spray coolln hanber havin means renovabl’y mounting a
‘plurality d1$actvpnme mbel@navasgwemtrwmaaildbettlmeawbdhﬁbme@sat pingtal ity of heat
sources directly between successive 3 spray nodules; and a fluid
collecting surface for receiving and collecting fluid sprayed within the

chanmber from t hRatghtupallicatioroWV@pr2/02052utlisgloses crmantali srjax soelinguby her
aspect qof \k{sﬁoﬂo{,r?ﬁ&%tft'yﬁéf %Prtag%wcteh%( ﬁuﬁwﬁerpSfogﬁi %?Hoﬁlééeérg%’re&fed%?rtﬁé/

cool i ng a plura ea ource neans t source neans havi ng one
or nore hm%embersofat@@bmrmretmgtmmwoma eirpdit droercor Thepnezziegramg aineditil es

associ at e%&d&g a?awehao?&fwgsis%aasw t ! R6ich&Rbieh QR ddimdniily idpial  heat

source means by way o Ir socl ated one or nore Heat sensors; and
for those aibmfleymmscefamaawom\g anmaglificatienssensed heat is above a first
threshol d, selectively operating the one or nore spray nodul es associ at ed
therewith to cool spray their respective heat source neans. 15 For exanpl e,
t he i dAwent SYMMARY QFGRHEIINVENHON, nodul e having a body and a cavity with a
sliding plate within it. Incom ng control signals nove the sliding plate
bet ween an open position, in which holes in the plate align with holes in
t he body, to allt dﬁ/vaecnhleqh@féfm ayasapt trwerfmmto praMide sa 6PeY eepoling isystem, i n

whi ch no S\Dﬁléb( g?’e?‘en%%?yué\r%rccﬁh% bf &t | gért|%Igeﬁ%v%l?ésaéfra%gbﬂseﬁntﬁre isfiggovabl y

mounted in one In ont o her, 1In spray chanber. Each
nodul e hasSMSt%T\Saody hol es directed at one or nore heat sources on a circuit
boardogy some such, the circuit boards being placed between adjacent spray

modul es. Separate tenperature sensors detect the tenperatures of different

heat sources. Bieroringta pee @spest«f ikl presepeinyentionstheee isoprovided @rspray

sel ecti vel yo8R89s rehidNably MAUnBREH 5 sprayPiclindBeWt sty [vbhiSP hasendip &Sropeat
cooling a plurality of heat sources, the spray module comprising:
a cavity within a first body, for containing a cooling fluid;
25 an input port for receiving cooling fluid to said cavity;
a second body moveable relative to the first body between first and second
positions; and
a plurality of output ports being in fluid communication with the cavity when
the second body is in the second position relative to the first body, and out of fluid
30 communication with the cavity when the second body is in the first position relative to
the first body.

According to a second aspect of the present invention, there is provided a spray
cooling apparatus comprising a spray cooling chamber having:

35 mounting means for removably mounting a plurality of spray modules with
spaces to accommodate a plurality of heat sources directly between successive



25 sources whose tenperature is too high. Sprayed coolant fromall the
spray nodules falls to the gravinetric bottomof the spray chanber in

" whi chever orientation the chanmber is in and is coll ected, condensed and

sent back to the spray nodul es. BRI EF DESCRI PTI ON OF DRAW NGS 30 Furt her

- features of the present invention will 3readily be apparent fromthe

follow ng detailed description of a non-limtative exanple, with reference
to the accaipamprwgs;d@@w ngs, in which: 35 Figure 1 is a plan view of a

spray chamnber ' - r ; ig}@&?- fr ~ipnyvention;
4 Figure 2 is ?E@g?ﬁl |tlg .rsgmgéfﬂo\?vir%@é%féggg?icng ngilahc cr?%e%z\?ﬁﬁl?\éﬁ%pray

chanber ofchemper &om:the pRIrgtityyefrsprayanpdules.cr oss section of a top plan vi ew of
a spray nodule and circuit board pair used in the spray chanber of Figure 1

ina first configuration; Figure 3Bis a cross section of a top plan view
of theSspray notpoedirthitp eifugher aspest af thei presentFnygntion3ikere, isapeyisled

confi gur ati.omn ' A r | | | t he
cpr ay modur 2 bl Lol ppuRall BFfedt bl plind b e SRS o
conponent shayingaohear rooiet hedt skngptse agBciated thdrewith [aadspneapr aherabspraynf
Figure 1, | B ANo) .detailing the flow |l ogic of the heat
control de@?@g&% églé?gﬁerdetﬁ%'%“;étb W‘%E‘ED DESCRI PTI ON Where the sane

r ef er ence numnersgnsiagpbarhkeat framptee tindividual chegt sodeceamean diywayy ofirtheir ngs, it

s usqg toaggag%gr&ggoégg?ghgg@gﬁg&s; Figure 1 illustrates a top plan view

of a spray cha 1 a spray coo |n%_ systemin accordance with one
enmbodi ment of tfiee thesesbeat saweenmegns fonwhichatheesernsad hemd isiapevend first 102, a

first end tWFHsrPﬁOg%&?ggp%gEﬁinb %hd ﬂﬁé‘gr fRord gﬁﬁ? htiRSs dsSodiatdd tiferdwith @

second end wa 1 | he”right end of the chanber 1n Figure 1), a 30
bot t om wal to cegbspaaitthair regpegkine heah seuredowans. and renoved for the purpose of
Figure 1). In use the spray chanber 100 is sealed and enptied of air.

15 For example, the invention may provide a spray module having a body and a
cavity with a sliding plate within it. Incoming control signals move the sliding plate
between an open position, in which holes in the plate align with holes in the body, to
allow cooling spraying to occur, and a closed position, in which no spraying occurs.
A plurality of these spray modules are removably mounted in parallel, one in front of

20 the other, in a spray chamber. Each module has its body holes directed at one or
more heat sources on a circuit board or some such, the circuit boards being placed
between adjacent spray modules. Separate temperature sensors detect the
temperatures of different heat sources. Based on these detected temperatures, a
controller selectively sends signals to specific spray modules to spray those heat

25  sources whose temperature is too high. Sprayed coolant from all the spray modules
falls to the gravimetric bottom of the spray chamber in whichever orientation the
chamber is in and is collected, condensed and sent back to the spray modules.

BRIEF DESCRIPTION OF DRAWINGS

30
Further features of the present invention will readily be apparent from the
following detailed description of a non-limitative example, with reference to the
accompanying drawings, in which:-
35 Figure 1 is a plan view of a spray chamber according to a preferred

embodiment of the present invention;



The two side walls 102 are holl ow and each has a cooling fluid reservoir
110 within it. A spray nodule and circuit board pair 112, having a spray
nodul e 114 and 35 a circuit board 116 is nounted orthogonal |y between the
two side walls 102. In normal use there would usually be a nunmber of such
pai rs nounted spaced apart 5 and in garallel, but only one is shown in
Figure 1 for clarity. A condenser 118 is nounted on the outside of the
second end wall 106. Support franes 120 are nounted on the internal faces
of the two side 0 ' t her: t r RS have
proj ecting port .F' néel %Z% &\%ﬁ?% p%@?sng%gggﬁllgoﬁs&%mg -lﬁg?mg%bﬁ\)@%\érrﬁ at regul ar

i nt er val s,chamber affiglret’s. Spray nodule and circuit board pairs 112 are
nount ed on the support franmes 120, one per paired projecting portion 122
and recess portion 124 at each end, although only one such spray nodul e and
.circui b board phigurel3Ris 8 cedspwaction afectopipiai Wewfope spraypmpdule pndwrewit n 10 a
spray nod i L CHI r j : ircuit board 116
fit withi FB%B"S@%{ ﬁégé"ﬁﬁé’“eesgﬁﬁ%??ﬁ%% of Eigurg hﬂ%%ﬁ%ﬁﬁ'?%’%?@ms 120 and t he
‘ends of the spray nodul e 114 have a slight clearance with opposing

proj ecting portg: . f T L 1 he
recess portion F*ﬁu&'éé?ﬁ\%gﬁo%s&%cg jgﬁée{r?tp %@g]ﬁgvgtjof%ge ong? ?‘gﬁ@b%g C@FUIEA
support f rizosed paioof IHgyreddt inra seleand cordigutatiokness of the circuit board 116.
Ther eflﬁre wedge cl anps 126 (or some other nmeans) are used to hold the ends
of each circuit board 116 in place within their respective recess portions
124. More parti Cigueg #ys agrassdgetiar efnmside @levation afctbe spravanpdde ot Figoure i on 124
bet ween a nd of 20 a circuit board 116 and the projecting portion 122
paired with'that recess 124 (that is the sane projecting portion to which
the end of the spray nodule 114 of that spray nodule and circuit board pair
112 i s adj acent }; ; % i o J Es5h undone
in order to all )(;' ugé]égf rgg)rlr@l\il(a r%%?ﬂ%§?3¢§§5ﬁ§%”és gﬁ%(h(%l rcwtrﬁigg\g?ed pairs
112. 26 Thusediwitbuihe sprasiciambeamofdiigise pl @nf i nto el ectrical |/ 0O connectors
(not shown) in a known manner. The electrical I/O connectors are nounted
above the bottomwall 108 of the spray chanber 100, between the side walls
102. Spray chanbigura 6@ edlomechant detailimg theeflawipgiceef the hertcenitot dendcepf t he
first end M@I"Je 5L04, for connecting

20
DETAILED DESCRIPTION
Where the same reference numeral appears in more than one of the
accompanying drawings, it is used to denote the same element.
25

Figure 1 illustrates a top plan view of a spray chamber 100 of a spray cooling
system in accordance with one embodiment of the present invention. The chamber
has two side walls 102, a first end wall 104 (being the left end of the chamber in
Figure 1), a second end wall 106 (being the right end of the chamber in Figure 1), a

30 bottom wall 108 and a top wall (not shown — and removed for the purpose of Figure
1). In use the spray chamber 100 is sealed and emptied of air.

The two side walls 102 are hollow and each has a cooling fluid reservoir 110
within it. A spray module and circuit board pair 112, having a spray module 114 and
35 a circuit board 116 is mounted orthogonally between the two side walls 102. In

normal use there would usually be a number of such pairs mounted spaced apart



30 the spray chanber (and the electronics it is cooling) to the host
machi ne (for exanple an aeroplane in avionics use). Electrical signal and

" power lines (not shown) pass through the first end wall 104 to where they
are required. Supply holes 128 extend through the internal faces of the two
side walls 102 35 to the reservoirs 116. The supply holes 128 exit fromthe
side walls 102 above the projecting portions 122, there being one such
suppl y holandiingparaltel elzut ronty one it siayvn ingFiguret 1 dor dlarity ( oA chodgytset A48 isrmy not
be necess Supply tubes 130 connect the
supply hoﬁ@équgb?@ésﬁﬁ%ngfﬁ %%C%Aor%ﬂﬂég{q@n t he respective spray nodul es
114. 5 As this enbodinent is intended for avionics use, every internal
surface is pot I C [ J"Cd: y be
flying flat es\EAﬁﬂdrpgh f}’anfi‘ede,f {34 Wgre d@hbﬁt&& oﬂ%é‘rﬁtéﬁ%?fa(:?s; 8f‘{hsetatw& %@% Bval?;al \a
turn). SEact2 r@paomg egch btiee |T@efsuapommnammwaye prbjegtind portionss d22,i with he
centre an d n her
embod; mont S THEbEaRY sl fegbldh kBl Rrinks AT EBRY MR 0 o
"a drai n apand circgit beard pairscii2 @etmwwd guithe smp@rtafmmetaﬁ& caegeapaued |y in

the top a - I h%u&p: C orners
of the ot e?ﬁ?&@ogﬁmégégﬁﬂﬁg‘%{: CP@Z‘H”ZH“ goﬁaé Wplrg%gn%%g I'gxtend
| engt hway sspriyt hiodulp@nt cirbwit bagsd paid 1H2ist shewnen fthe Elgaredeesnpphmtynwthueach

edge q ?32@§&a%ddﬁle gﬁzcé?rcgft%b%g;ﬂﬁfﬁlir 1%%! ?ﬁies?ﬁéﬁlt f 514 MG | ection

pPI pes one al n erture eac ectl on pl pe
134, althmsmadaceﬁsanmtmpe?%mfdhmypm&araeséaaraadéh@@nﬂ%of thenspsaype i n

alternativ Iy r’rm&fs - . dr ai 132 and
t he coll ecrlﬁl @Lﬂpplqpe 3%3%"3\/%? a%laé gﬁb@gkg}ﬁg%r&gﬁwg @% ﬁ??%%?gﬁ%es 134
ext end t hraupghrtframesd@dnd end wal |l 106 to the condenser 118. 20 The

condenser 118 i ncludes a condenser reservoir, which feeds into the two side

wal | reservoirs 110, by way of two reservoir supply pipes 136. The
reser\d® r suppl Thewiddsofithe reress ppdionH@4ihetwern o adircespprejecting pbdions 00

through the, 0?%’%%*2‘2“2, bl 1280 g?é'éjce:t fHaRuab fﬁ%ﬁwé}g@’b‘?ﬁh?‘éﬁ&ﬁ{:ﬁéﬁg 11'6he two

side walls e wal eservolrs
situated vﬂ’ heiefarecwedoe elempsdiZb (Suppng qihgiamead®) %u%tmmlgdbé epfls tOﬁe spr ay

chamber Qac'hscutcglt%gﬁﬁ% 1g6I ?rgEﬂa@é‘t\mtthth@lr]%Q%%cg%nré&%s rihs TR fRrd 14 at

heat sources 142 on It board to recycle the coolant fluid
back to t heartigiiarly, aovedge slampy126risplacsd|imatresassiRPrign 124 Batwveen py epd of

liquigg Itg }:r?cd(q)td&%H Y1@5ﬁ&fhre35i‘b18@t¥r|gypdrf’t§{ joR te?ir\ﬁif Qprle%eﬁ)ﬁ&gﬁét‘?éi ve and

i ncapabl e o causi ng dama %/ art ray cooling system
100 or t hethe|saoer prRiectng portien towhieh .t ¢:Ie[]@)|°f et sptay meduigst 14eefitbal saray or

perfluor 0%6&98% & Rl b&ﬁg %aﬁ'ﬁ% é&]&&@iﬁ)‘ YRd tﬁ@cl?ﬁup%%fué”ngﬁtﬁnéd”“ ‘thf[ egar d.

For exanpl e ers Fluorinert TM'series electronic™liquid
exanpl e Fl Qj@fﬂpﬁéﬁ!ﬂ tmup@npzn ofdes e lamveasyrrpaeNaliol thecsrinyimedulesnd. cirgit F| gure
2 is a bl ogdgrdpaed 9. showing a cooling fluid cycle for fluid within the 7

25
The circuit boards 116 also plug into electrical I/O connectors (not shown) in a
known manner. The electrical I/O connectors are mounted above the bottom wall
108 of the spray chamber 100, between the side walls 102. Spray chamber I/O
connectors 127 are mounted on the outside of the first end wall 104, for connecting
30 the spray chamber (and the electronics it is cooling) to the host machine (for example
an aeroplane in avionics use). Electrical signal and power lines (not shown) pass
through the first end wall 104 to where they are required.

Supply holes 128 extend through the internal faces of the two side walls 102
35 to the reservoirs 110. The supply holes 128 exit from the side walls 102 above the
projecting portions 122, there being one such supply hole 128 for each projecting



spray chanmber 100 of Figure 1. Coolant fluid 140 stored in the side wall
reservoirs 110 is distributed to the plurality of spray nodules 114 via the
" supply holes 128 and the supply tubes 130. 5 The fluid is sprayed out of
the spray nodules 114 directly onto heat sources 142 (in the form of
integrated chips) on the circuit board§ 116. Heat is transferred fromthe
heat sources 142 to the fluid, thereby reducing the tenperature of the heat
sour ces 14®mrtiathilR3t(althaughnipat may oet beenecessaly,1aq. aliwst geefatar higexitlilty)d i s

vapori sed é‘ﬁ’% ] o 42 ndenses
on cooler s @ag%gg(aﬁ?i é%nt%ﬁ{ g%eQ%¥ ﬁgg@tﬁz;a t(jz)ot %%QPTQEI%@E% .152(&2 trgéc))ndensed
| i qui d t ogespestivespray maslulesvidgori sed liquid flows freely down to the fluid
collecting surface, which is nornmally the internal surface of the bottom

wall 108. There the_ fl ui d.is o_lir_ected to the_four corners and dr ai ns into
the dr& n apertAs 8¥s Esbodingent|isintendeasistos avianissgiise; leyetyniotenagl sufiageds 144 and

I th ol . : 18
enoves nanER i dBRRuhg pyfBod T SAERICMa) Ko MG IREVERRRRY of !y oo
‘i's then didoswrpards] uptight osisierted, streight bain a@ ur)s Eagh ditemat $1efasp isfjat dubnmber

100 d L Sip: ' M :
condenser AL gk S1eHy oS #isluatife ahaSraBey BE ol afly RASTERL Ihedle |
reservoi r scotnds, intathrrgmddimenis.e Baoh of thepgpgit qoimsss witBie thedpaymbembgunps 138

to conRpl et |14 ' : d 0] luS, usef ul
for e@ur [ ﬁ)g?t 'E%a% dH@ aﬁgr?durlre ﬁ%ﬁ%’%‘ﬁ'&". el(': Eﬁ.‘£ﬂ%§%&@§$? ?lec%(glﬁ%ﬁlﬁn l%@ ore
bei ng r e- sap@ndddttor wale1Qf slafasas | altheugh san extend intaithe cdrrerseof the other spr ay
nodul es 1 Lef: | . okt he
condenser %ﬁ'gsseﬁﬁé%%mflfgﬁ%%@é{:ﬁ% Ieﬂ%g? K?Ag&géécl?%{'sé)dg%?ﬁgﬂﬁéy diftb 'Sp&é'f an view
of a spraythederiped hatiorniwatlait08honre dipgaiear each gdgsiof thosewallpr Gacle Heaber of

Figure 1 ié(]qfef?tuf]é §53 1698 &%é’ﬁolleﬁii&%iﬁei%&,?n@ draif% e@‘?r%%%&%&cr? top
pl an vi ew the spray nodul e and circul oard palr o I gure I'n a
second Scorgrdgefreachmellegtiog wire 434, althoughosachsdreini apertyfe mayihaee elsepat@ten of 30
t he spray { Fi g f UL AL I f Fjygqu 3A and
4, the spréz;g)agérﬂ? UP@61T4HF§n%ﬁoeslg@,bbpﬁzﬁ%@sbﬁ%j%g %&agpfg&e{ég {sh%r g;F/a?r% he heat
sour ces l14dpenturasht3Z pnd the calleatian pipes 18 prénenbfluidrbackflgw. i hhe kellection

confi gur at@ﬁ’%&f P\%&t&w ﬁrﬁ@hg%&é?ﬁ?%\ﬁd%ﬂ%@ td 4 &o?md@@é’e’? ggé‘.”d the heat

sources 14 e circul are being sprayed. The spray nodul e
114 is made up of first and second recessed body pl ates
20 The condenser 118 includes a condenser reservoir, which feeds into the two

side wall reservoirs 110, by way of two reservoir supply pipes 136. The reservoir
supply pipes 136 pass to the inside of the spray chamber 100 through the second
end wall 106 and through the inner surfaces of the two side walls 102 to the side wall
reservoirs 110. A supply pump 138 is situated within each reservoir supply pipe 136.
25
The purpose of the spray chamber 100 is to spray a coolant fluid 140 from the
spray modules 114 at heat sources 142 on the circuit boards 116 and to recycle the
coolant fluid back to the spray modules 114. The coolant fluid will typically be a
liquid. It is ideally electronically inert and preferably non-corrosive and incapable of
30 causing damage to any parts within the spray cooling system 100 or the electronics
to be cooled. Fluorinated liquids, especially or perfluorocarbons (PFCs) have shown
themselves to be useful in this regard. For example, members of the Fluorinert™
series electronic liquid, for example Fluorinert™ FC-72, from 3M™ Corporation could
be used.
35
Figure 2 is a block diagram showing a cooling fluid cycle for fluid within the



8 202, 204, nounted together so that their conbined recesses forma nodul e
cavity 206. The two body plates 202, 204 may be screwed together, for ease
" of dismantling. A gasket 208 surrounds the nodule cavity 206 to prevent any
| eakage. The nodul e cavity 206 is connected to the top surface of the spray
nodul e 114 by 5 way of supply ports 21@¢, one at each end of the first
recessed body plate 202. These supply ports 210 extend into nipples at the
top of thespsay echanmmddDe ofl Figureiere t hey are joined by the supply tubes 130
of Figure 1 (not shown in Figure 3A or 3B). Thus the nodule cavity 206 is
usually filled with coolant fluid. 10 The spray nodule 114 is nounted on
the circuit boaCabldritdluisl 14@gtoréd o thel didewkl aeserdd®, 11thiscdistseyted d¢ ¢ t he
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i s appare i.n_Fi Thereqi I e tri i C j hr ough
one end o?g%dﬁgesozggerngmfd&yéﬁé Bb?Jier%ﬂ"a% ﬁﬁédgdf,dﬁ?‘lé?& gﬁﬁje %@F?Fﬁcjaefslgri‘&ne to
pass t hr oudrhins 280 thesdriaih apgriptest182218 | i es agai nst the major surface of the
second recessed body plate 204, extending over all the exit ports 214. It
is slidable in a longitudinal direction relative to the second recessed
body pbat e 204,Flbidtpasess thréughsthe exerveayevaivesi t44oandialoog tieer cisllection pipés i n

Fi gures 3 d n It r. he right
| F gur s AD B schbellfél D1eE RN GrBEhSGTIE B8 e it MG IAOLE, T

t he maj or cwiingdcdowh aghe. sBwb emoveddwesb i thenl ispipated MO¢ dagilyanpwahatt itvo

posi tion i.des , | o il ng ~€i.r IO TWO

st ops Zzzqgrog%?)dreg@lgcfggé}g%ﬁeac 1;6)@%?9 i%g%gegﬁi @étsggrbéhé%geatﬂga%@égﬁ@ d

cor r espondbasges to thheohdenser wesdrvois ddb dram whereeit saimpedizchto the de wdkkal | y

t he shiydi : 81 - Leat bng,.id Qr I [ T 9
coat egl,odf Q‘%s?ﬂg%ﬁégém}é\g@;g@ﬁ@%fr]rel%c’rt(/!lalg%%@? 'eér% ?ggﬁg St%ﬁ%W ec nsdl]:ffae(t:%ssed
body pl at econipiete the:flgiflicapling qiicket eTheleoridgnser rpsarveil i 46 isodseful diercensuring

t hr ough-h i r : ; _gp@dp j &y 206.
The nunbe?hgtrsltgaéég |rr)t@;a()ffr;illis}j i(@)fc%? '%g%?lgﬂlggﬁcﬁﬁggﬁgﬁ%&eég%4 .colrl?géggq\gn%%e to

t hose exi twalbreserveirs 1116 anddhencedadhe sprysaedulesdyi14| Reliefdings exwendtieont j r st
confi gur aty " ! ; liding plate is at the
first ext r%%u%@zptﬁﬁgﬁq%% e‘?’fam?ﬁ%’%“ﬁe?%?%‘ﬂgﬁho| es 224 are all out of
align@®nt with the exit ports 214. In this configuration, fluid cannot pass
fromthe 10 fl ug; 7 t Bl r hddae i ayi ng
occurs. On the %ﬁﬁ%ﬁ'ﬁ%ﬁ%?@gﬁggﬂ?gcﬁ%rbﬁaon?‘%%’ﬁgtlﬁa, as s_%lcr)]\léf%/%l'i%{r?lE Figure
3B, the slbpafirchgaip|1adz ased ingthe spraysehenyhgr ekfrigaige! o fifst epnfiguraliper &igure f 1 ui d
t hr ough- hog t#3h! of lalto B plaB VI bf #etdprdy1Bo8uib anBrt it Bdtd phif of i S
confi gur a??_o%,a?%alggg%assoeg ??%r%gt t|1e_ modul rc){';@ioty .286, rvi_ a&hiep_%l Si d

t hr ough- ho'fl@@reml,n a eeqond cexfiquradiont Eiguresd ispr erpss semtionehea S@&ﬁ'@‘é{éwn@?. 15 In
Sone !s@Statﬂe%?ray folB¥ RFidiRe BAl Uh "f‘f’ cBﬁfTYg%rétidnaéf%tﬁ"F s 9A Y4 ports 214
spraying the Circuit board, especially 1t there are only a few heat sources
142 on t heSRERY meduletlid4riglclosed, tha '%ﬁ@n%@@l,ﬁst}"&Pﬁ%@?i@?h@o%‘l@t‘éuﬂfgh?tself
my be cus{iRiitRdrd 91812 P8 othdrl R, I HRUSIHTGIaBSN P fidefs BBS BRNEARY tO
those exit ports 214 adjacent 20 the actual heat sources 142. In that way,
t he nodul eMBe§ 1d4ds onen. ardihecheatigiontpeshif2 ofitbe drpeit fpargi hi§ pleakeing18.

Al ternati velyved ather than changing the sliding plate 218, the fluid

t hrough- hol'es” 224 that are not needed coul d be plugged fromthe inside of
the sPPay nodul e 114. In addition, as different integrated chips on a
circuit board 1% Vﬁﬁ%&ﬂé‘tﬁﬂ‘é b8 @Rlof %ird WAl Sebnd RRbssddbody istes of the
exit ports 214 coSI@E e 25 custom&sed gcocor di nglf/a, %Hhotlsgh prdgfpgr a?oly, it
woul d be the sliding plate 218 again that would be custom sed, with sone
fluid through-holes 224 having | arger bores than others. The novenent of
the sliding plate 218 is controlled by a notor 226 at one 30 end (the right
end in the Figures) of the recess of the second recessed body plate 204 and
a nunmber of tension springs 228 at the other end (the left end in the

o, NN S o " o o PN o o o, Y [ .



10 Figures) of the sliding plate 218. The default position in the spray
nodul e 114 is that shown in Figures 3A and 4. This is the first

" configuration and the nodule 114 is closed, with the sliding plate 5 at
extrenme position A to the left. This is the default position, due to the

. tension in the springs 228. However, wgen an operation signal cones to the

notor 226 via the electrical line in the electrical |line conduit 216, it
swi t ches t2(2, 1204 omoR@éd dogedinet schihiat thelin conlhired: mdrkeses2fBin almedflercagityr ovi ded

t hrough t abl,es i regt t t, provi ded e, springs, 228 and
thus the s |6in %ghepIt\éggbdf'%g'lag%pgp?’ega?o&’g tqegﬁg%%gpgo ?\é{hitegnfog é%% ? Re
right. I n dismantfimesi Aigaskett208 soorduhds thé madsileogemity 200 te preagntranydealtags. The

ot or 326 T wRAiaFaE 206 ' ChoBhEH of vRERR, RARKE 5 he' fralfrggl8S g *anc
the tedsi omaypefisupgly pdRs 2p0) dnetdieast end ofthpfiest eec2dSechiaatly plate202. Thesene
position

ot or canfzwts&ﬁo@%aﬂg%é%ﬁdﬁﬁgﬁipﬂ%% %é%,ezi paf BeREbL T Bue i ghaRe IS Zaﬂt red
' Jeinedl by theas upj bex t30adf Fi shoatnan tHigurer8Acr 3B26Th

t(r)\:a Srydfqgaiglé?h%%{gauggpgu ?ﬁ:o l? W%I I(;Z;:'{ch havgjl?‘o acﬁrvaf?e tf\seplrjmt or
226 to 20 TEIERYE yg gﬁﬁg ﬁ'l'g 8%@%% YR"Wel'% absence of power woul d not
make a_nlyi ;ji f:‘greg?ei e.g. rlel e:{age t he sl :cdl Ing pl ate 218. An(r)]t her ob .
Byt hildg b t el B POToBy sy G molEaRn R praRTDR LABEYE & 2 PORME,Y:

t Prg giptranr; n?‘(mhe Egm Micmaemmr?ibis glzé Smaym\ceiuteoﬁltf.rorﬁﬁhé hlejétuawmes 1al2tc§rth|m'; i Vﬁl I
The sl 1 ai rifost 38 .7 F% sPray ol 167 % il SRs BB BT e RRBA on”
spri _ng_sI pome_tjthbc?ghdpisatmﬂ?wm:axﬂe 12 Bhuswhen thengironit dioard isEndaurgedl _ gﬁihe Anot her
ongi tudi ritFPg e R B P80 BrP B by T 4ie or ' Bbout an

axl e tldnar ds one edge or 30 side. In any of these enbodi nents, the plate

does not need ttheregees%g%ﬁglﬁgq‘irﬁtlaﬁwdc ei%g%‘?Scetsééé‘%%a{]fpﬁateé’fzﬁir 204 are

quadril ateral shapes™© pol ygona apes, ‘circultar or "a& sector of a
circle, etgeneraly papielepipedtreshdpactivitls fatsurfaoek.| Eheaordy exitsduithie Walksraf thmi r 112

s shown a.Naxl0Gqdadl e 238 PRI oAl hoRE216! Sl HREV 6. The

i nvention al'so covers € presence o0 re spray no per
nmodul e andthereris @i plurblity oflextportsi2i2 tbrougk thecimaposurfaceldf theoseadnd téceskeékew se,

(R O San B LRERLdSBERRRENT BBt ng S ORGS0,
exenpl i fi e2ll4sgaraye oabehacaordingitodhe expestedinyraber of heathsauredsefor whichdnt ed
w £hi n- ¢ heode EMARea N Gl nE AT e hIABER b Bt Be e "Y'
si ngl e sl iatpagentlimbiguzid hhetenpalse eEpBicakinetdopduitAtfbthronghtane andeafdheoul d be
E:\gﬁ . ?Ll l”g{jé‘e;c‘éhclj \féfc%g%%o[‘ec?dysdlélg 84 SBF 3N efBBithGind 18 pafiAfifbugRt OF at | east
25
A sliding plate 218 lies against the major surface of the second recessed
body plate 204, extending over all the exit ports 214. It is slidable in a longitudinal
direction relative to the second recessed body plate 204, between a first extreme
position A (towards the left in Figures 3A, 3B and 4) and a second extreme position B
30 (towards the right in Figures 3A, 3B and 4). The sliding plate 218 is kept in place
against the major surface of the second recessed body plate 204 by way of two
position guides 220, one along each edge, in the sliding direction. Two stops 222 are
provided on each position guide 220, one at each end corresponding to the first and
second extreme positions A, B.
35

Ideally the sliding plate 218 is self-lubricating, for example being PTFE



10 The spray nodules 114 are intended to be easily renovabl e and

repl aceable, in case any particular one is not needed or needs repl acing or
if an upgrade is available, w thout needing to replace the whole system
Thi s nodul ar system al so all ows specific cooling requirenments to be nore
easily tailored to. 15 The spray chanb®r 100 is controlled by neans of a
control system 300. This is not shown in any of Figures 1 to 4, but various
conponent scogted; frs redived areas pad &ietignbetween dtasngrihe seFangueesssed 2odypiate ont r ol
system 300, (Ls based around a controller 302, with a m croprocessor 304

(al though there could be several of these in other enbodi ments). The
controller 302 is mounted on a circuit board which is situated mﬁthin t he

spray chamber 1 slldhrgogﬁté)%é?%ssé Pﬁrfiael BY"ﬁ@EI thrb% RURRAR 324 AMIES a

(al t hough not shown I gure nece sary, It too cou d have
.a spray noaheneatprierendl ®sthai medyle cavrt:r 200! Eoe nTmbet and positiens gfothei felichr ovi ded

Wi th po""ertgﬂiﬂughth‘dfe@%4%@%orﬁfs‘%o J%re%!ﬁzuo'n‘s%ﬁ Iﬁ{seﬁﬁ@@?&ée‘%@e& Bod e Spray

chanber nnectors 1 nDunte OUtSI Irst end 104

The cont r diater2030n thedirstragnfigudtipnaps siswn & Fayres ﬁA@mgrﬂ thepslidingJosefis om m 30
different liepnesal Hft?en?@’b%&%?n %g&,vc;rqaré Hh@ fhu tﬁBu%ﬁh&Q@%ﬁrareog ohf oProvides

n different output signals rough outputs 3 spr ay
modul es wi ahbnrmeﬂhwrtts meayxn: namq)aM 1dm)thlsrheefrgumjppuﬂwdiognamspas}: ffqm ¢lme run to

th - | t

or ebg? Pgrnsﬂl%f&r?%?%%en tﬁy oug t ecﬁf@%lsbﬂaﬁmgs&?%%?h%ﬁéﬂeggthgpr u|02
el ect ri calhandnin thers¢aendscanfiguraiipe %simw igrfdgure 3o thes sliging plateplata;t tlaa | ow

i ndi vi dual ae‘éeﬁ'& R r?rﬂé 6}0@.&?0% %?er@%@e A tﬁ#&%ﬁﬁ*ﬂ%le&@ﬁ%% fﬁoglrréhﬁr%nﬂm

There woul d norma | éast the sane nuhber of tenperat ure
sensors 308|t|'ht§13§p$rt Q?“ﬁﬁ@ﬁ” @sﬁh'ﬁmnf@eﬁ%ﬂo@r #id papsep fram the mediulersadty2d6ur at e
tenperat Ur\ﬁa Hbfleé ;%dr ¥d e Bt PS&‘ ZWéHrﬁgsSth%‘i%a{ &R Adoed
circuits). ere are so other control lines 31 recei ving an

sendi rlé ot her signals, for instance fromand to the punps 138. 5 A rrermry

314 within the |ﬁg§thé3ln Bhod0% RbOBSWASHRPIARAVeSs mg;@%gﬁrbgr ¥pbiepord - H oh

and Ti-Low (for enperature sensors ese are resho d
val ues assdl mrerdngvmerpmc%bearﬁeespe@@w t érere are pnlyadgw deatisaireqsu] 4259n Wi th

whi ch the thﬁr RE %HrﬁeﬁGnﬁﬁééc@?%e%gﬁg‘%ﬂgrgilﬁé 918‘?‘1%8%1%2% cujsg)nT d"' gh is

t he upper t vel 't hat ore cooling start.

In this enBddvaonty fivid thsougirheles 224cersespanding t@rﬂ)@ﬂﬁﬁdﬁ@ﬁa&%r@]@@ﬁber ature

of t hgoheat},e %@M%Pﬁe&‘égur(cbm Eﬂr ﬁ4 fdt whr GHé todiet tﬂ:d@’fuo%g nBPﬁeéoeéﬂéﬁrbﬁ‘r ure
sensor 308 1 s assocl at ed here I's nore than one heat source assSoci at ed

with a tenpérdtipe Sil@n@@'ﬁer21§08°~'tq"ﬁativglybaa§%r AN hanginewdia sifing Riate
operati ng 3RTRRY flidihfodh-HdMsSE24Rat ar At fiel (cBBIdWRgiligded T neiHRGhdigei C
conmponent). For instance if one chip associ ated
of the spray module 114. In addltlon as different integrated chips on a circuit board
116 may generate different amounts of heat, the sizes of the exit ports 214 could be
25  customised accordingly, although preferably, it would be the sliding plate 218 again
that would be customised, with some fluid through-holes 224 having larger bores

than others.

The movement of the sliding plate 218 is controlled by a motor 226 at one

30 end (the right end in the Figures) of the recess of the second recessed body plate
204 and a number of tension springs 228 at the other end (the left end in the
Figures). The motor 226 has two pulleys 230, one at each end of its rotor, to each of

which is mounted one end of a cable 232. The other end of each cable is attached to

the near end (the right end in the Figures) of the sliding plate 218. One end of each

35 spring 228 is attached to the wall of the recess of the second recessed body plate
204. The other end of spring 228 is attached to the near end (the left end in the



with a tenperature sensor 308 can operate up to 125 deg C, whil st anot her
chip associated with the sane tenperature sensor 308 can only operate up to
85 deg C, Ti-High is set based on the worst case, that is 85 deg C. So
Ti-H gh in this case 20 woul d be about 77 deg C (10% bel ow 85 deg C).
Ti-Low is the I ower threshold | evel forgwhich no spray cooling is required.
In this enbodinent it is set at 30% bel ow t he maxi num operating tenperature
of the worfSgures)sd thed slicingapiate 2d8nponent . Thus, since the worst-case

el ectroni c conponent 25 associated with the above particul ar tenperature
sensor 308 has a maxi num operating tenperature of 85 deg C, the Ti-Low for
that tenper at urknesdeisdt p&itBniis treespray modulgetf 40s (20 Ehbeh owWF@Brededp @)d  Spr ay
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_det er nbni g extrem@iposition Apto theleftt Siiniscis dtaidefaglepesition308e ta the $érwsidndn e 30

d that. th lect [ f
any chi p. 2ebBe 228 TsRr Mheci oPaRibe Bl sh ey B H o L VS ¢ Gl s
"may need deledtdéahiinaiin thetelentnivat e conduib 2461 ik pwitches ihe Netors26 GO&nd thak
t t 3 Th
number - and P Pt % ¢ e R Bt ikl 86 BBle a2 EBRELer sk de, 100 |
t he user. prbdgedriby the springs @8 dandethis ytherslidingi plateu218 iseaulledol;br exesniel 2
i ntegrate I I part from
glhemg néiots'tlﬁé:céegé g]r% Igif)ln?@ &)Q?'lt'(gﬁo antr?gal 2‘&%2?61 Sfrae'%s nsorgega ‘per one
heat source 142 (integrated circuit). They may be situated in the recess

ti 124 at h 1

Pe' bl aced on ¢ nECFITE BReCp LS 3 i s nodORL R RSl st IPRNEE AT or v
si des of tihetocR2@is on. bAsusden 44 the mbiar i wridueof iitddspsopullingears thedemsidroar ds

wnor ot ho B 225 BUR IR ErhaETa R i i Rt RORRGTRCK, W gl Pest

t enperat urmodwesiosed Botianay even be placed on the external surface of the
spray nodul es 114, on the underside of the second recessed body plate 204,
between the exit ports 214, 10 preferably with suitable insulation against

t he cool er t enpiitesnativelypthet mota praayopesatel as a 1bi-siate clefice \Wheret dnpositiveper at ur e
sensors 30 ' pr I t from

t he terrperé% @gsrrségﬁlgéoore@r 3&35 r?é @ésgﬁﬁé{ sr{fnawvéulp J?:ﬁvaﬁé'tt rtrr?(g:)ﬁ)lé(éragltérmdul

el ectrical pUII|thesltdimgij'ates2121£1d(a)seooud stighabwaid ba‘mato aqtlmts)he iotas 2a§m oach

adds t dyl t

cont 1 80 <y BAREIHh Wiha b TP CH R XBLEe ol BN AR Tudbe o o
Once t he sdifference, ©.@peleasd the, sliting piaie 218l Mptrteoaossmllﬁy as foatheabbdyletd " to be
zero 20 (s %‘[e{ val ue
of vari abl e a%%zr%pen'\%ﬁ%'n E%EP %A}anfrvf@m% ﬁfﬁ]\/ea éﬂo&g%f@mcfﬂfs{]‘i‘ﬁé
controll erSllQ(mE nigte @48 wilt $tay indhe epan pesitior or avipraaticatly weve teit.i nput si gnal Si,
received froma specific tenperature sensor 308 (step S406). This

tenperature Ti is conpared with a Ti-H gh value stored in the nenory of the
contr@d er 302 lpstugpersatieatives embodimentserthermeiar eoulsl e raplgeed w8 am - Hi gh

al ue, the I are on
(st ep satciioqtor B bish SR g lo@ldirebl IRUATES & incr afyRAMGHS The ' P,

they are aﬂen@ampp@ngs @pulane rtenleyecawétht gnmm BAre 99@presa192)sprma& B2 put
| t d
signal G, Aﬁcﬁhérh?oégmﬂws |s21%r élget sﬁd?ﬁ‘g %ﬁﬁ&% e, FRA Yt ‘%ﬁb@ lén]qﬂuauﬁal urne

on or kept on IS causes t ate 218 to be

pul l ed, t h‘émeesgat%lwg@ur@tgtet Aoyt mwtrtahuazﬂagn ahelut gn 2xle tmandsc ﬁ@e es9¢ oports
214. e PLi8S S Y %n%%f Hﬁl%ecé’rﬁbédfmggﬁﬁ t bva‘ia; dSesIMG HedttBP HBRshglid®, It causes

coolant flurd to's out, to co e rel evant heat sources which gave
rise to theoud e triasgy faltfﬂﬁfequaéﬁbterﬁ@i shapes ofsatharn polgipnat sfnarp@sww@r &ure Ti

i's bel ow theeckhr dia0lhrch2bide asidiprdprale’ Ol | er conpares this

Each spray module and circuit board pair 112 is shown as having a single
35  spray module 114 per circuit board 116. The invention also covers the presence of
two or more spray modules 114 per module and circuit board pair 112 or per circuit



14 sane tenperature with a Ti-Low value stored in the nenory of the
controller 302 (step $416). If the tenperature Ti is below the Ti-Low

" value, the output signal G, to the notor 226 of the associ ated spray
nmodul e 114 is turned off or allowed to stay off (step S418). If the
tenperature Ti is above the Ti-Low valie, the output signal G, to 5 the
not or 226 of the associated spray nodule 114 is unchanged, remaining off if
it is alrdwayd 418. bikewiseathe ingerdionidisd covess tier prassncernf twhios niare lsircaitise t he
rel evant i Y S not
Got ot crioamts” P R HodEa sl pBgly ;2R 2 TR B Lehray okl Pl MBI .
spray noduhe exemplified ispeay lmoduiedarwh ciseuitk bpardopai( s1t1aph$4nm) twe noauntedtt of f or
kept off ( ) r . p
Sa16) 1 ndoadfir bl Ripe amieg bt o HRERERAARY EF i Bher I ET,
‘has |t590r&prawrmngjer60@ry tenperature sensor 308?) (step S 420). If it is
not "m', then the process returns to increase the value of "i" by one (step
S404), to 15 go through the process for the next tenperature sensor 308. If
‘it is ", therEadhesprayomedsleriesbows ats havieget single slidihgplasé 218"antionater o (st ep
$402) . boy.estREL a S 0] y
S T L M C A e )
spray noduhedu® 1ibtemch AREOr &t teast sqﬂl@@emmdyldmeéyj to be included so that a
spraypgodul e that is on and needs to remain on is not turned off because a
different sensor is reading a tenperature belowits relevant Ti-Low For

i nst ance, the dBtecsspray mogeleat!dif arssintgndedid be dasiyaempible angeapdaceable, f or

overy onon i ERY iy Eacliar b FoAACKEEED I hdbd, RpBEI G0 I Gaftadlth moTPT @
even a si rayaiaieewitifout heedingrie repiacectbe axoiesystérn. TihiHmgdulat sksdensaiso i f none
exceeds i taﬁng SE‘%nedcoeD}{iﬁg qu%ﬂ'gmeﬁtsqg'gg‘%oq e‘é’% M?LJP&:I{G' evant Ti-Low and the

notor is on every oneis %s Ti-Low. In this
way, B only a single tenperature sensor 308 senses a tenperature above its

Ti-Hgh, ther ef'l'?ed?pﬁéy grgérﬁtyer%gli'é Htﬁ)"%&’?ﬂﬁ%aﬂg oﬁggoﬁtﬁﬂggﬁa Oéfbbunltﬂlé the

t emper at ure sense ev n ture sens elow its

Ti - Low. ThHe nabdwremaawl of Fa@semégo ﬂhbuﬂ\ranlenJg khomponents phihve xostseli systeth wi t h
each sensojfg A 8 tenperature sensor 308 to another. However, to
sinmplify rratofcéerfgg rc])r egh r\ﬁee when the chips are simlar, the upper
threshold Ti-H gh that is 35 used can be the sane for every tenperature

5ens050308 and e LAEF 4 EEAPIRIE i1 1N Waind S Ushtofdn 388 Wi S f or

every terrpe_r ature sensor ove enbodi nent, terrper at ure
sensor s arneictapseresspidddalthaughdhere sewid b@fsew:r@l pfithese inothes embedinantdler f or ms

of heat Seﬂ%"& roYMa-rt L RBIAEE 'R fGﬁédlSSoa*ﬂ@%hcgn”‘s%‘ftbé’t@d%thfr?ﬁu%pédré’ﬁ

t hreshol ds, an sp e0|§|ca erature
chamber 100 in one of the slots between the support frames 120 (although not

shown in Figure 1). Indeed, if necessary, it too could have a spray module paired

25  with it and cooled. The controller 302 is provided with power and turned on/off etc.
through lines also connected to the spray chamber /O connectors 127 mounted on
the outside of the first end wall 104

The controller 302 has input signals S1 to Sm, through inputs 306 from m

30 different temperature sensors 308 within the spray chamber 100. It provides n
different output signals O1 to On, through outputs 310, to the n spray modules within

the spray chamber 100. These output signals O1 to On run to the motors 226 in

each spray module 114, along the side walls 102 (or top or bottom wall 108) then
through the electrical lines in the spray module electrical line conduits 216. The

35 different inputs and outputs allow individual control of the motors 226 and thereby the
spray modules 114. There would normally be at least the same number of



It is understood by those skilled in the art that even though nunerous
characteristics and advant ages of various preferred enbodi nents of the
present invention have been set forth in the foregoing description, this
disclosure is illustrative 10 only. OQther nodifications nmay be made,
especially in matters of structure, artangenent of parts andl or steps
within the principles of the invention to the full extent indicated by the
broad geneetiperaterai sensofs 30k aapspsayd mbdulesi it vandh preferdlelp amoriendorf ovore t he
scope of t Asnr ay d I A€

rount i ng 1 culed tehbGure HRacrbhi br hiaRiay el Lodtee# 1 IRBdl
plurality afcutsat Thesarareslsa hthes goatyol r‘rbda|3é2cmrmecsvrng angl serclingi otjnew thin a
first body, | lnd; an input port for receiving
cool i ng fI%ﬁ%ﬁ%é&gﬁﬁgkggﬂﬁ?Qn&ﬁﬂ@é@%ﬁf gg y noveable relative to the first
.body bétween first and second positions; and a plurality of output ports
being in fluid | It Is in
t he second p05|'§| onr Iat Vﬁﬁl‘ ril\qhte o@ﬂ?llleﬁgaiﬁ'zb%%[‘é{@?é;ﬂég'gtu{@gfrgﬁbﬁégﬂgy
“comuni cat Tigtighvandh Tt-hewcff@veag;h ohtbe temperatire sendoos 308)s Theselage thresholgosi ti on
relative t I el al. wherein
the second i, 4ebileg WY oS esf BoGEeL RS FuflFSEH ShPbha) B PR fne (15" 4
spray nodljlempatatmreéengprs 60&tlmmaeWeerarQasaNhet®i n the second body is nounted
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plurality of spray nodul es rmute I'n sal
Ti- H|gh is set based on the worst case, that is 85 deg C. So Ti-High in this case

20  would be about 77 deg C (10% below 85 deg C).

Ti-Low is the lower threshold level for which no spray cooling is required. In
this embodiment it is set at 30% below the maximum operating temperature of the
worst-case electronic component. Thus, since the worst-case electronic component

25 associated with the above particular temperature sensor 308 has a maximum
operating temperature of 85 deg C, the Ti-Low for that temperature sensor 308 is set
at 60 deg C (30% below 85 deg C). Spray cooling is to be cut off if a temperature
below that level is detected, as the chips are in their comfortable operating range.
However, when determining the Ti-Low for any temperature sensor 308, it should be

30 ensured that the selected Ti-Low is not below the operating temperature of any chip
associated with the temperature sensor 308. Otherwise, those chips may need
dividing up between two or more temperature sensor 308.

The temperature sensors 308 are mounted within the spray chamber 100.
35 The number and arrangement of temperature sensors 308 can vary as is desired by

the user. They may be mounted directly on individual heat sources 142 (integrated



9. A spray cooling apparatus according to claima8, wherein each of said
plurality 5 of spray nodules is as defined in any one of clains 1 to 5. 10.

" A spray cooling apparatus according to any one of clainms 6 to 9, further

conprising controller nmeans for controlling spraying by the plurality of
spray nodul es nounted in the spray chyqdger. 10 11. A spray cooling
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6 to 19, fnefelrérmetodfngweél ng a second fluid collecting surface for recei vi ng
and collecting fluid sprayed within the chanber fromthe plurality of spray
nmodul es, the second fluid collecting surface being an opposing internal
surface of the Gneeatheshstetnes operative, Hize Eontetlerf 3Q# sbts:alvlaeiablé Ny ts befzeoe. 15
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25
If the temperature is Ti above the Ti-High value, the controller determines if all
the pumps and the condenser are on (step S410). If they are not on, then they are
turned on (step S412). If they are already on, or once they are turned on (step
S412), the output signal Oj, to the motor 226 of the associated spray module 114 is
30 turned on or kept on, if it is already on. This causes the sliding plate 218 to be
pulled, thereby aligning the fluid through-holes 224 with the exit ports 214. The
pressure in the cavity 206, which is due to the pumps 138, causes coolant fluid to
spray out, to cool the relevant heat sources which gave rise to the high temperature
reading (step S414).
35

If the temperature Ti is below the Ti-High value, the controller compares this



associ ated one or nore heat sensors; and 25 for those heat source neans for
whi ch the sensed heat is above a first threshold, selectively operating the
one or nore spray nodul es associated therewith to cool spray their
respective heat source neans. 23. A nethod of spray cooling according to
claim 22, further conprising, for thosgt 30 heat source nmeans for which the
sensed heat is below a second threshold, selectively instructing the one or
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only a single temperature sensor 308 senses a temperature above its Ti-High, the

relevant spray module is turned on and remains on until the temperature sensed by
30 every relevant temperature sensor is below its Ti-Low.

The above example assumes the Ti-High and Ti-Low associated with each
sensor changes from one temperature sensor 308 to another. However, to simplify
matters, for example when the chips are similar, the upper threshold Ti-High that is

35 used can be the same for every temperature sensor 308 and the lower threshold Ti-
Low that is used can be the same for every temperature sensor 308.
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It is understood by those skilled in the art that even though numerous
characteristics and advantages of various preferred embodiments of the present
invention have been set forth in the foregoing description, this disclosure is illustrative

10 only. Other modifications may be made, especially in matters of structure,
arrangement of parts and/or steps within the principles of the invention to the full
extent indicated by the broad general meaning of the appended claims without
departing form the scope of the invention.
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) a second body moveable relative to the first body between first and second
positions; and
a plurality of output ports being in fluid communication with the cavity when
10 the second body is in the second position relative to the first body, and out of fluid
communication with the cavity when the second body is in the first position relative to
the first body.

2. A spray module according to claim 1, wherein the second body is a sliding
15 plate, mounted against the first body.

3. A spray module according to claim 1 or 2, wherein the second body is
mounted in said cavity.

20 4. A spray module according to claim 1, 2 or 3, wherein the second body
comprises a self-lubricating material.

5. A spray module according to any one of the preceding claims, further
comprising movement means operable to move the second body between said first
25 and second relative positions in response to control signals.

6. A spray cooling apparatus comprising a spray cooling chamber having:
mounting means for removably mounting a plurality of spray modules with
spaces to accommodate a plurality of heat sources directly between successive
30  spray modules; and
a fluid collecting surface for receiving and collecting fluid sprayed within the
chamber from the plurality of spray modules.

7. A spray cooling apparatus according to claim 6, wherein the mounting means
35 are arranged to mount the plurality of spray modules in parallel.
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11. A spray cooling apparatus according to any one of claims 6 to 10, further

comprising a plurality of heat sensors for sensing heat emitted from a plurality of heat
sources in the spaces between spray modules mounted in the spray chamber.

15 12. A spray cooling apparatus according to claims 10 and 11, wherein the
controller means are operable to control spraying of specific heat sources by
individual spray modules, based on the heat sensed by specific heat sensors.

13. A spray cooling apparatus according to claim 12, wherein the controller
20 means is operable to start spraying of those heat sources, the heat sensor for which
senses an amount of heat exceeding a first threshold.

14, A spray cooling apparatus according to claim 12 or 13, wherein the controller
means is operable to stop spraying of those heat sources, the heat sensor for which

25 senses an amount of heat below a second threshold.

15. A spray cooling apparatus according to claims 13 and 14, wherein the second

threshold is lower than the first threshold.

30 16. A spray cooling apparatus according to any one of claims 11 to 15, wherein
the heat sensors are temperature sensors.

17. A spray cooling apparatus according to any one of claims 6 to 16, further
comprising:

35 a reservoir for receiving fluid from the fluid collecting surface and supplying
said fluid to the plurality of spray modules mounted in the spray chambers.
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21. A spray cooling apparatus according to claim 20, wherein the first and second
fluid collecting surfaces both have a plurality of fluid collecting holes therein for
draining fluid therethrough.

20 22 A method of spray cooling a plurality of heat source means, each heat source
means having one or more heat sensors associated therewith and one or more spray
modules associated therewith, comprising:

sensing the heat from the individual heat source means by way of their
associated one or more heat sensors; and

25 for those heat source means for which the sensed heat is above a first
threshold, selectively operating the one or more spray modules associated therewith
to cool spray their respective heat source means.

23. A method of spray cooling according to claim 22, further comprising, for those

30 heat source means for which the sensed heat is below a second threshold,
selectively instructing the one or more spray modules associated therewith to stop
cool spraying their respective heat source means.

24. A method of spray cooling according to claim 23, wherein the second
35 threshold is lower than the first threshold.
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5  constructed and arranged substantially as herelnbefore described, with reference to
and as illustrated in the accompanying drawings.

27. A spray cooling apparatus, constructed and arranged substantially as
hereinbefore described, with reference to and as illustrated in the accompanying
10  drawings.

28. A method of spray cooling a plurality of heat source means substantially as
hereinbefore described, with reference to and as illustrated in the accompanying
drawings.
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