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15 Septenber 2006 1 SPRAY COOLI NG METHOD AND APPARATUS. _Fi eI the
| nvention The present invention relates to a cooling s?é?

particularly, the 5 present invention relates to a spray cooI [ ng system
and a nethod for cooling heat generating devices, such as integrated
circuits or chips, using a spray coolf ng system Background of the

I nvention 10 Recent increases in mcroprocessor processing speeds have been

~achieved by increaseprAY CODIINSIMETHONSND APpARIBAESt Ot her factors.

While a microprocessor operates, it generates an anount of heat
proportional to the nunber of transistors. This heat needs dissipating;
ot hervm"sEieidofqn@aiV@midnherrml stress, which affects the mcroprocessor's

- per f or mance. ﬂ;?ep roéem i s that t he greater the transistor density, 15 t he

greater the h VeRtion ¢iptas do shepoling sistemn.anorehpartiowalydithd i cul t
suf fii epieseti |ﬁ\$driﬂaﬁ lr@late@%%&ay Qo&ﬁigp%{é?ﬁ‘ aﬂg 4 Fthddeid c@éiﬁg I'i%\é Cure
ehperat u

mcroprocessor 58 hat it can work under 1ts design-preferre

becones ST HIET dpdres, HRYCH R fripgratedecioite s ehiles. oping: @s spiey @Bling

Convent i gyzdmaai r- cool i ng techni ques incorporating heat sinks and/or fans
are wdely used for cooling mcroprocessors in enclosed systens in which
m croprocessors are installed. However, cooling efficiency is generally
llimted B@ckhhﬁmdsafmfﬂ\flerﬁi@ﬁl [ ng fan and heat sink. 25 In sonme applications,
for anpl e, tar avi oni cs equi pment, electronic nodules are

nor el |y not %ﬁ’qu éﬂ/@“‘iﬂ?l?r%‘?ss%ﬁftOﬁ@%S'm speegs mavatbieen aghigvad

ot her wi sigy haeusmlnaﬁar&rs@d?fﬂeln@ﬂemw@st %eﬁfdctd?@nmgﬂer?ﬁﬁc?o;}ﬁ‘béé sspB2UsS€

damage to _the Itesc,]‘%_r}e‘zrrent | nst ead, the cormmon net coolng 1nvol ves

feF &n 2oyt deaberepediony ta theingmker pf tragsidderer , wi t h
expect edTHis ghbatt maaaismﬁ&saﬁatmgooiﬂ\@ﬂfﬁsé iteSreates therfid LHESs, thafg&tt s fe) 1 ver
een

sufficient heat dissi cool.i ng techni ques have

i nvest i d?\'tcéocﬁ’rqcﬁsfcﬁé E@F‘EW‘% hS Pligm '%B"@F ihﬁ@feqtﬁ'”etﬁeﬁr@%lsbéé@nsﬁtmnd to
havéShi ghe gueattalthe hahi geherated aftthé SAERAErEa SHE théfore ai?ffcult ‘éﬁ#&@@%

conpl em&l%ls nd.cool i nggcaE I n conparison with other known cool i ng
met hods F‘P%&?PGE‘EH‘S\? 'ﬁ?'g‘ | 1R, 9S8tk BY @ wirseRrasASPADFO thatdint of
cool i ng oaapatmrk y uricter ﬂlseciteslgmpﬁaerrém fefifpeitrR’ B¥comed OQrifical dfoi‘ Neease in
rntl]gn%e of the microprocessor.

20 Conventional air-cooling techniques incorporating heat sinks and/or fans are
'widely used- for cooling microprocessors in enclosed systems in which
microprocessors are installed. However, cooling efficiency is generally limited to the
size of cooling fan and heat sink.

25 | in_some applications, for éxample', in- military ‘avionics equipment, eiectronic
modules are norr_hal!y not allowed to have direct contact with air, which might
otherwise be used as a cooling medium, as air contaminants will cause damage fo
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 sufﬁéient heat dissipation.

Spray cooling techniques have been inveétigated 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
33 ‘cooling methods. In particular spray cooling provides a quantum improvemeﬁt of
cooling capacity for electronics, in the order ofa 100-_fbld increase in the rate of heat




This is due to the conbined effects of convection coo

vapori sation cooling. Patent publication WO-A-01/01741 describes a spray
cooling device for 5 spraying electronic conmponents in an encl osed
chassis. It continuously sprays fluid2 directly into the encl osed chassis
fromnozz] es along the walls. This has the disadvantage of spraying
everyt hi rfb‘xd]emotfﬁlewh‘?ﬂ@mmféﬂ e |iri qoolirer ethiads orThivols. dugatoethe cphbinegat i on
[0 A 0L AR dHicBRIRRGS codifif BIRILALAROAYGRG! | 10 LY 10 vay of an |nk et
type spray devi ce. spray Noz 21 are directed at the sane
nunber of heat generatlng devices on a circuit board. The nozzl es and

circuit boar d tment . S

conpar.t ment s i‘ﬁﬁﬁt Sur}ﬁ'lci oW W eﬁﬁ%ﬁﬁf‘}tﬁ oé&gﬁ% rae\ﬁBF% '89 %‘Mﬁef f%ati ons.

15 suﬁﬂvnwrwmectmmmmems ih anzmcoispe chagsis. ttheommesm,t sprayemdition t o
provi de | eferabl y overconges | east
partial l ;eargsﬁygmtgggé %SIS \%?'ﬁe:)?ws Ie?‘lgalor@yg} 120 }ﬁ:g‘a?%ﬁg to one
aspect ofdisad éafpﬁﬁ%efrﬁpramwarﬁhng b thee tinge pvtwheﬂ«umeadspoasyot modul e for
renovably nmounting in a spray cooling assenbly, which assenbl y is for
cooling a plurality of heat -sources, the spray nodule conprising: a cavity
within a fi rstpaﬁi'ﬂypUbleﬁfloﬁdNQat\ﬁﬂwg%Z clizplasag idremdntal Qﬁaﬁmobmmlby port for
recejgi ng, I . ayi e relative to
the fi rst %dngglt(v\é/ey flﬁr?asytsaé sécr%% E?Oggﬂgrgyg'ﬁ?qe ﬂrc? F rafit %y of

out put p8PME ’15'@1% of heatlgsn@'atrogrﬂemasaan @mrw:ttboardheTloeamzzjesmrblrcbihe second
hody is bpa SEHRI it Sl bod of fluid
30 commun; c[tg??gn Wi t%dﬁﬁzﬂl écéaa\q}z'lmt ?/&hvﬁérwﬁe%s'}ec@osneﬁll %‘i/m'?aﬁ'teﬁ'?st ﬁ% "P} r st

posi t i on2lY HexiRilty obany ieworkingser hedificatisezor ding to a second aspect of the
present invention, there is provided a spray cooling apparatus conprising
a spray I|no chanber haV|no: 35 nounting neans for renovably nounting a
plural ity ‘ BUNYENRAGN  spaces to acconmodate a plurality of heat
sources directly betmeen successi ve

15 Septenber 2006 2 flux renoval when conpared to air §§gotéuﬂ9er%eoels

It is an object of the present mvention to provide a spray cooling system,
which preferabl_y overcomes or at least partially alleviates drawbacks with existing
systems,

20

According to one aspect of the present invention there is provided a spray
module for removably mounting in a spray cooling assembly, which assembly is for

~ 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 'cooli'ng_ fluid to said cavity;
. a seoond.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 fo
" the first body. |

According to a second aspect of the present invention, there is provided a spray
-cooling apparatus compnsmg a spray cooling chamber havmg
35 mount:ng means for removably mounting a pluratlty of spray modules with
~ spaces to accommodate a plurallty of heat sources dlrectly between successrve -




-podules falls

15 Septenber 2006 3 spray nodules; and a fluid colle for
receiving and collecting fluid sprayed within the ctht’r‘r:’bg%'t rﬁ%én%%ﬁ%

plurality of spray nodules. 5 According to a further aspect of the present

i nvention, there is provided a nethod of spray cooling a plurality of heat
‘'source neans, each heat source. nmeans3 having one or nore heat sensors
associated therewith and one or nore spray nodules associated therewth,
conpri si fgravdeqtkiasganthe heat from the individual heat source neans by way
of their 10 t h eat source
means for whi o peeaierfieBt hebelld andaReiRy PR auRled WRER BT var'y
~oper at i nghamberdiam the phally obsragy modulees associated therewith to cool spray
their respective heat source nmeans. 15 For exanple, the invention may
provide a spray nmodul e having a body and a cavity wiith a sliding plate
withid it. | néeeardigs dert fusthes agpeat of they preskiet isbeéndiongtheratie prdvitledeen an open
position I n I n_the bod to

al | ow co e:ﬂlrilbéjvéﬁp f' ﬁddﬁtﬁ%hg)c%rgﬁy%ﬁ%&& %’s'é‘ Soéelgghg'ﬁat FHGRIMEA o

sprayi ng hadegirope orameraithahi sgnsofs talaers;mteqbrtlagre»mliwlunlndsoraar er reorevsgyby nount ed

~in paral uieQ'&@sdcrbédfPr@Fe@B %Qnﬁdﬁh other, in a spray chanber. Each nodule

has its bo hol es |recte one nore heat sources on a circuit board
or somne such sensindcthecheat frararttie individgel phemt exurdeenmers bydyvag exfittheipr ay

“nmodules. a%@&r@}&,g&m{a%wﬁg (?rgc $p detect the tenperatures of different

- heat sources. Based on these ed tenperatures, a controller
sel ectivel y s®idboss ferfl souwres s18a0s fipe whiphaihensmhsbd heab is mbaye thiise heat 25

. sources WaaHBId @@i@@tL Fle rdt rﬂ?é)oﬁ%gpmo%oéﬁgf ﬂ’uoﬁﬁl(eL‘ aa@&o{]étgfg]t@re\ﬁﬁme spray

tr| C bott whi chever
ori ent attwotmavtﬂeamecm\@ heat aguice meads.| ect ed, condensed and sent back to
the spray nodul es. BRI EF DESCRI PTI ON OF DRAW NGS 30 Further features of

- the present invention will readily be apparent fromthe follow ng detailed
desdd ption oforEXawla, itha inentipe resyaprpvide avsipray metiwe daviag tadcadyeand a

‘acconpanyivitg witha sy plafd \WEHI:‘FI'I IRCorfihg Woftrd dighafs oL thYd %ﬁ’& p@teSpr ay
chanber according to a preferr
between an open position, in whlch 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 paraliel, 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 accordrng to a preferred

embodlment of the present invention;




enbodi rrent of the present invention; 15 Septenber 2006 4 Figure 2 is a

bl ock di agram showing a cooling fluid cycle of the spra&ySepketpe?00 Figure
1; 5 Figure 3Ais a cross section of a top plan view of a spray nodul e and
circuit board pair used in the spray chanber of Figure 1 in a first
configuration; Figure 3Bis a cross sgction of a top plan view of the spray
nodul e and circuit board pair of Figure 3Ain a second configuration; 10
-Figure 4 is a cross section of a side elevation of the spray nodul e of

Figure 3A; Fi 0 ramlllustratl epts of a heat
control devi Ceﬂ'ﬂ@% 2 ‘S aab@#k ?ﬁg%{"ﬁ ROV A froeRoling E’?dg (ggf’? E?\CFPF‘?Vgure 6 is
a flow crﬁi}ﬂmbéé@%ﬁlﬂmmg the flow |l ogic of the heat control device of Figure
5. 20 DETAI LED DESCRI PTI ON Where the sanme reference nuneral appears in nore

- than one of the acconpanying drawings, it is used to denote the sane

el eneft. 25 Fi Gigres 3A idl 4 osss abetionaofteotpp plaarnvisiv @Wafpray mpA@Y afiambigy 100 of

a spray rdance. Wi th. on nbodi mnent of the present.
inventi oﬁ%%% lﬁ%\rég@?{g% &V\%bﬁr gﬁlﬂé{ﬁ @'nlq)%SF%O'?’QP'?PO%nd wal | 104 (being
the left end of the chanmber in Figure 1), a second end wall 106 (being the

right end of t ' 1 om wal | 8and top wall
(not shown - nrggﬁoq%/)g&ré Pﬁ‘ﬁ‘rﬁﬁ@@“ ‘f'e"l"flt) ésprq)smo eag%cir% spray
chamber . boerd @affs(liﬂguﬂeéﬁmerspi:mmthIgmnon The two side walls 102 are hol |l ow
and egch has a cooling fluid reservoir 110 within it. A spray nodule and
circurt board pair 112, having a spray nodule 114 and 35 a circuit board
116 i s nount edFigueHbigenaioby seationedm sidkeelewstiosi sfahaaplay Meie biFig@emal use
there woulad usual |y be a nunber of such pairs nounted spaced apart 15

Sept enber 006 5

Figure 5 is a block diagram illustrating components of a heat control device
15  used with the spray chamber of Figure 1; and

Figure 6 is a flow chart detailing the flow logic of the heat control device of

Figure 5.
20
DETAILED DESCRIPTION
Where the same reference numeral appears in more than one of the
S aceompanying 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 cﬁamber in

7 -Figure 1), a second end wall 106 (belng the right end of the chamber in Figure 1) a
S .30 _ bottom wall 108 and atop wall (not shown — and removed for the purpose of Flgure
o 1). Inuse the spray chamber 100 is sealed and emptied of air.

The two side walls 102 aré hollow and each has a cooling fluid reservoir 110

o within it. A spray module and circuit board p'a'ir 112, having a spray module 114 and:

35 & cireuit 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 apad :




and in parallel, but only one is shown in Figure 1 for arity. ondenser
118 is nmounted on the outside of the second end wal l Yg%qﬁgﬂéﬁﬁép%franes
120 are mounted on the internal faces of the two side walls 5 102,
opposi ng each other. The support franmes have projecting portions 122, with
recess portions 124 between them at rggular intervals, formng slots. Spray
.modul e and circuit board-pairs 112 are nounted on the support frames 120,
one per Fadriacpargiedhd tonlygonpoist shownliaFigme 1 erassitport catiehdd afg gach end,
al t hough . I n l.rcuit board pair 112 is shown in
“the Figuf@§h¥%fagvﬁh |é?$§hﬁ%@%%ﬁﬁeﬁs%g’§3pay nodul e and circuit board pair
112, the ends of the circuit board 116 fit within opposing recess portions

126 o1 ne SuRRg b ARSI SO I gLl S SEAe RS At 1o

slight cleara "W th opposing pr port
framed 1202, 9Bpoping edcit sthed The sugmetstames Haos piddeting tpaerihst 152, athacent

proj ecti rtaL . pport fra 20, is greater than the '
t hi cknesg& (?? 9@?@%?93& t\g%egft(qg%l%mg%réwg%a%%% f%'aagsgﬂ?% 21 9094l8r sone
ot her ne&ndcirewibbearddaire 11Mdlack toanterdm the suppebfraines U, Seapst gali@di n pl ace
W thin tRelit i o) 124. Mor articularly, wedge
~ clanp 12gﬁc%jésd%§3%§?ni ﬁﬁaé'f"g%%‘gss&%%rﬁ'?? 324 f%faﬁréfeﬂgeq{t?'aﬂgféﬁﬁlycﬂ“eﬁcg circuit
‘board 116PrHdnedue prdienvitibogrdpmirt 118ris $BGvpai the dFigirdd ot bidplitise aaBhiA24 (t hat
S e ' LEg: ' ; i.ch the d of 1he ray dul e 114 of
t hatmsjpr g?%%g?@gghggg%%awg%g;’éﬁ]ﬁﬁ? Fmﬁﬂﬁp@ Cﬁﬂf‘é@%@ﬁ?gﬁhg&lﬂ'ﬂe cl anp
126 is t PEpAsHgeteceshportions iy obthe suppont danesi 120cardethetendsldr eve garay r emoval
..of the s | ' d irs 112. .25 The cirgcuit boards 116
s pl onotter PR ATIEh Ciianed SR CoRREIG, PORsIE PSR A Rmnner
‘ The el ectyrRogiframes t¥nect ors are nounted above the bottomwall 108 of the
spray chanmber 100, between the side walls 102. Spray chanber 1/0

connectors 127 are nmounted on the outside of the first end wall 104, for
conretting 30Thewidippbihednegasaortioari@4t rdwedre tia adjacesit ptojécting poitiong) to t he
host nacipngr &f &rf e1 €41l oni Gs,.use) ... El ectrical signal
and power. |ines ﬁot S gwn @%agrgétgflﬁ%ug'ﬁ%%h% rés‘ftsthér?ﬂz"%g?arﬁoﬁato wher e
they ar eThesglore wgdosgiames 1281 5 seme aikeromdans)raveigised ke holdtthe makis foices of

the two sddhecialt! Boatdd16 35 the: r ML S: ply, hples 128 exit
fromthe sid I wal | g 102 gggbge_t e"{ g%gj Pég%«%%raéérg?e[sggoﬁoﬁoﬁzﬁ% h&oée bei ng one
such supfAreyRilYe awasioe slaram 426 ismigcsdtin egecess portion 124 between an end of

20. a circuit board 116 and the projecting portion 122 paired with that recess 124 (that is
the same projecti‘ng portion to which the end of the spray module 114 of that spray
| module and circuit board pair 112 is adjacent), and the clamp 126 is tightened. The
clamps can be undone in order to allow easy removal of the spray module and circuit
- board pairs 112.

25
' The circuit boards 116 also plug into electrical /1O connéctors (not shown) in a
known manner. The electrical /O connectors are mounted above the bottom wall
108 of the spray chamber 100, between the side walls 1062. Spray chamber /O
cénnegtors 127 are mounted on the'outside of the first end wall 104, for connecting
30 - the spray chamber (and the electronics it is co'bling) to the host machine (for example
an aeroplane in avionics use). Electrical signaf and power lines (ndt 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 1—28 exit from the side walls 102 above the
projecti'ng- portions 122, there being one such supply hole 128 for each prbjeqt_i‘ng'




15 Septenber 2006 6 portion 122 (although that nmay n,} ge ne y, but
“allows greater flexibility). Supply tubes 130 connect '} RePIER f)" oI es 128
to supply inlet ports 132 in the respective spray nodules 114. 5 As this
enbodi nent is intended for avionics use, every internal surface is
potentially a fluid collecting surfacg (as an aircraft may be flying flat,
upwards or downwards, upright or inverted, straight or in a turn). Each
i-nt er nal Poitidnada2 |(aith‘oluglta thatt magaryot bige snlet:@s’ra}yy tﬁwmnewslgpeétae flembiifyg and

shaped t oMt towar corners,.in other enbodi nents.
Each of t ‘%p @ Rjﬁtg Qéﬁgpn%ﬁég% Ri FFP ﬁl@fﬁ égsctﬂaWB{;/ 'Tl?t PeEs Hlx¢ 1B Weain
aperturef@%@cﬂmsmaymgduleagm.l quid. The apertures are actually in the top
and bottomwal |l 108 surfaces, although can extend into the corners of the
other two surfaces in each vertex. Two coll ection pipes 134 extend

I Sngtﬁ}/vays vaShihlls mebdlrr?EgE!St infenalnd fhohmerﬁllbslvabé Sevebg int&inel Ql#rﬂi%ﬁrigar each
Gol tect i Sae el i EEEa{ Qufaos B ar aFads Tuny” BE Qg R uPearc e
co: : ec': i @anpr@ls;Lnghabrtuhwgdd etamnghtéb*ram att@ﬂﬁrEaﬁlﬁnlé&’}al B@N@:egs ?Qﬂﬁﬁ a';ﬁ
col l ecti ve odi nent s es between the
drain ag@%{glgh%gb W‘h‘i Teeﬁ'? Bl?ﬁ'pﬁdﬁgg ﬂ'@@"ér"@\)’grﬁ“tftq’vﬂﬁrﬂs B8ck f1ow.
The col | éemiesm in pﬂhpesmﬂz@ﬂmemserEhmemh@hlghh@rﬁ@@th:rﬁﬁhd Sppdyl chbfbel O \t/\ﬂe ]
-~ condgpseng condenser reservaojr, ic
f eegm]l nt oét11 %s azé}amhag)eﬁg%dv\g%s fof 8@&%’0\)@3 ﬁ%uu(ilg'he FPEAGS GFe agiyalveadg oi r
~ supply pt%@dlwonﬂ'wgllﬂ@&euﬁmas althopph capicpesd 136 tlﬁ@&@rnb% 6fhﬁe ofiier de of the
Y R EAR00) SR " 5 A ok B R T
“suppl y pﬁwdom%dlbﬁﬂgmwlsewmnelmpeam elaelsedg@lof tmv@Wa}Ms plaaeh Hfn 25 The
pur pose t0. S alant flu 40 fromthe
spray m)g r’té]é‘@ﬁ%f ﬁggré@?(’)tn%gg"seciﬂrﬁ pigﬁ&ﬁ% 0(f‘ie ?I'Ptapﬁgﬁrﬁdtgl%@a%d to
recylcl e e of eagh qqﬂectfdnmlmh Eb%leimougfheadpdram aipnﬂuuraemagthéve E%p@@é ant fluid

[t t t d
\pl)mr efergg?&@%{g&n.' ?g)re? ('?Sla!}%%gﬁ’ ﬁ"(?gﬁgbﬁq“ {9}4%6‘,3?;‘(,32!\9%5 n'ter i) @ parts

 within tﬁ@@{ﬁ%@%@aﬂ |tlwgc@5egtlmrpe® 184 prerenemandtbaamfm TI®e bellectiot ed.

FI uor i napiggs hsA1bkigd ?f@ﬂ%@h&éfona erBS) |11 tefrgér';og]pg @ have shown

- thensel ves to be use I'S regar 'ers of the
Fluorinert(err) series electronic I|qU|d for exanple Fluorinert(err)

FC- 22 from 3{eksndeh@sPAaahaitieL¥b kienser reservoir, which feeds into the two
side wall reservoirs 110, by way of two reservoir stupply 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 ' S
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 fecycle the
coolant fluid back to the spray modules 114. The coolant fluid will typically be a
liquid. It is ideally electromcaliy inert and preferably non-corrosive and mcapabie of
.30 _causing damage to any parts within the spray coofing system 100 or the electronics
* to be cooled. Fluorinated Ilqwds 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 2is a block diagram showihg- a'cool'ing_ fluid cycle_ for fluid within ihe'




.be uéed. 35 Figure 2 is a block diagram showi ng a cool j; fluid le for
Pl 200G

- fluid wi.thin the 15 Septenber 2006 7 spray chanber 10

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 oyt of the spray nodules 114 directly
onto heat sources 142 (in the formof integrated chips) on the circuit

- boards 13gayEeatbersiOOredir&gweried from the heat sources 142 to the fluid,

t hereby reducing the tenperature of the heat sources 142, whilst raising
that of the fluid 140.- Most of the fluid is vaporised upon contact wth
the heat sourCeslait4fliid The stapoitr tHehsite Q@NdesEHASirsOM (CRAUISFLGEY tagRs (whi ch

10 are m of the other syrfaces). The condensed, liquid together with the

unvapor F@@%’m& Ry ?\05{7\}33 ?'r%éﬂ'i/ﬁ%ﬁ’o%f?pﬁohﬁ%%q and then PYRAY N%@S ddPf ace,

whi clb i sThefluwlid ypraje duttef tiabprag Hiodare 1a% dirBeiyosrité dBaMkcekOf2 (jRher e the
ains into the drain apertures

155" 15 B R S B M B ookl G e

col | ect i eatpopess 14340 trrel fllie; therable Asdeicing kBe teﬂri{%rémféjsmgmﬁétl&)dr%‘)xes heat
fromthe Ld 140 ool J | 1 wn, agai t. renove eat is then

di ssi pat 17 Yiitst Bl '@?P?fokﬁ/gﬁﬂgt FRE"RE o dhe P i MaPisPdPER ZRMAFt 100 and
space i switfotheshizh saurces 4. THeevapoot thdnfdotdshsepamsemldrGuFiesc@itanser
17010 1 5 0% RLIBRIE Suftabesn i Sprnesd ihid frgeliep e Tt pepasct o

conpl et eliermbﬂchsJﬁreblycdodvhm@tlwflji@gofﬁwngéml ; aﬂﬁich%ﬂ?mlw tﬂéil&t%ﬁ?lusefw for
ensurin t e ur.n id ig cpoled do uf ficient ef ore being

re- supplgsl'uer%gggf %r%ebésrﬁ)h%wﬁloh ﬂ@é‘?@?ﬁ &'ﬁd 1316”%?&% f"n&’ﬁcf@“’i ePrherE a0gr ay

nodul es draihs irfe theedrainiapeduesti@dd from the supply punps 138 back to the

condenser reservoir 146. 25 Figure 3Ais a cross section of a top plan view

of a spray nodule and circuit board pair 112 used in the spray chanber of
Fi gibe 1 in Flfidmesseothfdugbrias icna-wdyivalues 143 Bndsalehgcthesdlisdiohippesof a top

econd ot PoheceeP ke D 1he Wagieer dub BBRIFRRRA mamana Bl 108 on or a0
the spr apolinglit dewn fag#&ing dihat Gfnovied Hebkisdlonf digsipated erorebadint howiigitites 3A and
- 4 the is outside the spray chamber 100 and space is not such an issue, The cooled fluid
passes to the condenser reservoir 146, from where it is puﬁ'\ped back to the side wall
20  reservoirs 110, through the reservoir supply pipes 136 and supply pumps 138 to
complete the fluid cooling cycle. The condenser reservoir 146 is useful for ensuring
that the returned fluid is cooled down sufficiently before being re-supplied to the side
wall reservoirs 110 and thence to the spray modules 114. Relief lines extend from
the supply pumps 138 back to the condenser reservoir 146.
25 - |
Figure 3A is a cross section of a top plan view of a spray module and circuit
board pair 112 used in the spray chamber of Figure 1 in a first configuration. Figure
3B is a cross section of a top plan view of the spray module and circuit board pair of
_ Figure 3A in a second configuration. Figure 4 is a cross section of a side elevation of
~ 30  the spray moduie of Figure 3A. in the confiQUration of both Figures 3A and 4, the
" spray module 114 is closed, that is it is not able to spray the heat éources 142 of the
~ circuit board 116. On the other hand, in the configuration of Figure 3B, the spray
module 114 is open, and the heat sources 142 of the circuit board 116 are being
- sprayed. o
35

The spray modullef 114 is made up of first ahd srécond recessed body plates.




- which _th

spray nodul e 114is'closed that s it Is not able to a t
sources 142 of the <circuit board 116. On the other iﬁé %ﬁmgﬁ‘éﬁ]oe@%

configuration of Figure 36, the spray nodule 114 is open and the heat
sources 142 of the circuit board 116 are being sprayed. 35 The spray

~nmodul e 114 is made up of first and segond recessed body plates 15 Septenber

2006 8 202, 204, nounted together so that their conbined recesses forma .
modul e ca®d, >204206)Uﬂtﬁdet090tbeibw§hapItlmlresorﬁlﬁjﬁed ﬂﬁésmyfotme asoodukedatiyget her ,

for ease sho. 1IRAh! b pAASKS! 0% SYILOURALL IR o, SAXLL i 200 (0

prevent any | eaka ["'e "cavi S co p surface
of the spdiamaﬁﬂiwnl A gasketiRP85umaynds the lmm:du}e gty 20@ IDpreverd aay lexkabeend of

i ppl o5 al g oo PRgIeldnetied of B B ARG be BRI Seler R (TR 10,1 e

suppl Y t utyas ofilPplyfporis @iPeore 4treach shafthe firsrapessedbdg plaBBR02. Thhese t he

TOE S osipl AR A SR e b g okl SPRLS bids 1 1, ¥Fa BT, ©

whi ch sepaliedeined by thessupaly tripefu139 dfFigure dnnotheholvedt Figore 8 er 38R Tust he
circuit r r . | ally screwed onto the circuit
ey oS Y Sy o ot bosrd

board 1 thro rane when the circuit board is

“nmounted on the support frame 120 of Figure 1, it also nounts the spray

202, Bos ar e Endrar ARG s bl R B ATSAI RTRIE AR “rre

onl'y exi tfsame 2{ B enbieh s@paaates tree SI-‘IFBY B‘lodulec‘désfe:dn Hedyeasatree2 042 ef thet hr ough

porte 2rARERBCH, e SRy Hhotle, TR, youkliP el nf MeRhtt b9 2 o

204, ext et thgﬁt@hﬁbusmiowrﬂrramﬁngt oThUSewmn thiechircuiT heardustbeunietl exthe port s
214 can %pﬁ&gﬁﬁﬂle?ﬁzﬁ%%ﬁ%’i%él&?m%ﬁ%%eeg%rgymaﬁﬁl qij4heat sources for
e module is intended &are

‘ I't could atlvely | ar ge numnber in
a reéél ar pattern as is apparent in Figure 4. There is also electrical

| ime conduit 23 rheduad ;PR RAF ARG sHbing ERONCH BASPBRR Rednonl ate 204

for. an electrical [ine to pass rou | 'és agai nst
t he maj orgeglafé\‘“a@éradieiep!ﬁ@d g’eﬂt@ﬁg, W!ﬂ"[;f@i sudaces. The only exits in the walls of the

first recessed body plate 202 are through the supply ports 210. On the other hand,

there is a plurality of exit ports 214 through the major 5urface of the second recessed

20  body plate 204, extending straight throtugh to the outside. The number of exit ports

214 can be chosen according to the ekpected number of heat sources for which the

© module is intended, or it could be a relatively large number in a regular pattern asis

| apparent in Figure 4. There is also electrical line conduit 218 through one end of the
second recessed body plate 204, for an electrical line to pass through.

L

- 25
A sliding platé 218 lies against the major surface of the second recessed

body plate 204, extending over alt 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'(towércls 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 élong. 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

o second extreme positions A, B. '
35 .

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




body pl at e 204, extend| ng over all the exit ports 214. 1t is slidable in a
longitudinal direction relative to the second recesse?)5 §6@9mﬁﬁh%®6204
between a first extreme position A (towards the left in Figures 3A, 3B and
4) and a second extrene position B 30 (towards the right in Figures 3A 3B
and 4). The sliding plate 218 is keptgin place against the major surface
of the second recessed body plate 204 by way of two position guides 220,
one al ongostedhfoedgeced wedramddtittdnngtwkiereic bhdhe sBobnGteepsSsed2dyate pr ovi ded
on -each %Biltlon gui de 220, one at each end corresponding to the first and
second extrenme positions A, B. 35 Ideally the sliding plate 218 is
self-lubricating, for exanple being PTFE 15 Septenber 2006 9 coated, for

reduced wear L Cti tween | t econd rec ed body plate
204. The sl | dﬁﬁg shping é"agiéqﬁ A5 apﬁ'ﬂ?@ Jm'tS‘r toughchdies gg%h%'&ﬁ%%%
whi chb ar epem') abpae\ catl totte modulbaabite 200.d0he iabet and Yositibhe oh tEdRid and
posi tion r8

24 ds to th t t
D24 | n'c RudtartBifer ook OBty Rt Bur B 214 e Se oot o goRke | b o
shown in plﬁtegmzbsln?obﬁehﬁm?rlzoﬁf %inl’aeors lasdhogn it Bigeres SA #id 4,8e Blidi rfﬁ p!@tiétié enme
osition e the fluid t out of ~ alignment
\FI)\A th the Qq%"’ﬂ%& f@erﬁifoswﬂn H%gn{'l'l gﬁf’%\ﬁ%rﬁ’th ﬁ?'ﬁ?oe Faffodl p?ét'éso fromthe
1g fl U|h d alignneang withche exi2 pérts aéuhenebnstcoptagdrsuoalﬁuzamtnﬁot ﬁ@e:f:saawartfighchcU{rs1 On
t he e ond .con as. sh n_Fi e
ot i yia AR an et 2 SRR RS 214 3 80 spiing ceit cop e et o
_ thr](c)ygh har!ldesn fisezned abmﬂguraftlah,l men mwlr-'lguhret.’:‘Be tmglédérm)pta& %élzﬁ théln tgi S
- i gur : | rom ul e e UI
Ehrough. Fescnd exsthe bt B e ube Bl Gn TPl o6 Rnat BoidcBrtad 15 1
sone i nswithtressxitiporte@y4.bin mgioeﬁgurammr faid @assdsarge theumbeile ehvigads, ports
214 Al | ' Lal .f th | f heat
sour cos Y I ibSedee P2 B g ST BOR; ¥4 trrade BeBedl Sontlas 16 ng ol ate 218
- itsdl¥ may be custonmised -to have only fluid through-holes 224
di t 0 th t
o TR by nk S R, i AL S RdeBPTR AR A Rtat M 9Pl Bl i he
sliding. mfhsmam@theemncmt haandvappc:aﬂﬁtfmmretarmunlpIaafewglhegt stecad 14 og plate
218, 't eyl el bEAYGB: 0L6eh BA%s! PRISIRRG b 276 REGF nag i Rforkbbigoed from

t he inside
to have only fiuid through-holes 224 corresponding to those exit ports 214 adjacent

20  the actual heat sources 142. In that way, the module body does not need changing,
but just the sliding plate 218. Alternatively, rather fhan changing the sliding plate
218, the fluid through-holes 224 that are not nheeded could be plugged from the inside
of the spray module 114. In addition, as different integrated chips on a circuit board
116 may generate different amounts of heat, the sizes of the exit ports 214 could be
925 customisedr éccording!y, although preferably, it would be the siiding'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 pulieys 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
o the near end (the right end in the Figures) of the sliding plate 218. Ohe 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




of the spray nodule 114. In addition, as different int ated. chi on a
circuit .Boa?/d 116 may generate different anounts of hi%#?pt?wgersé(g)%s of the
exit ports 214 could be 25 custom sed accordingly, although preferably, it
~would be the sliding plate 218 again that would be custom sed, with sone
fluid through-holes 224 having | argerpgbores than others. The novenent of
“the sliding plate 218 is controlled by a notor 226 at one 30 end (the

- right endrigures)étHel gidingplateb18.he recess of the second recessed body plate
204 and a nunber of tension springs 228 at the other end (the left end in
the Figures). The notor 226 has two pulleys 230, one at each end of its
rotor, to eaclThefdefautipobitios imhertpesy moculend4 @f that sidreind3gured BR @liher end

of each cable is,attached tq. the near d he right end in the Figures
of the si S\L*H 'Sf}r‘%ﬁ"@?ﬁ taugliongaie thF Mngldls &Q S Hqss iy hessidingRiate d 1 o t%e
wal | 5f tahexirepeesssitivh A he taslefntthiseceesRthutdyitioh alue to 2Hendibe idhber end of
spring 228.i s aghed to thhe. near end (.t hq | ef t eng in the 15 Septenber
2006 10 SET"@?r@saty %'PW?H%T-& PRiafyoRsirat 9993l opmesarths oL 2% ViBrthen t he
spr ?y mo éldotricallithei in tlﬁmaltecﬁilbalvuﬁifﬁn&higm’raﬁ @mcl_aéwfheéinotﬁr jrzﬁe_s bf ahfi@hafti r ; t
configuratj)on ang t ul_e l. cl osed, Wt t Sl dln te at
ot v DUl e 3APIRS 255 HRE ih BlovidacCthiShine it A2 RASRPOBN R (o {he
t ensi on iprovided Isyp thengsrindA8228Hane \tiauis thish elfdir pmlt?éBQaBiiQrpfuﬁé@m@exg@sﬂBsza g t he
I ne, conaul t , It

not oy~ 226, .vi a,t.h electrical Line.in t ctrical

oot ¢ e Bprithe Bihe BC It ipostifr tngdhidiia P4 TS appR ang spravimadtatr ce

provi ded through the cables 232 is greater than that provided by the.
springs 228 ang_t th Ldi.ng plate 2 is pulled fo extrene 10 position

B, to the ri gﬁﬁ? SF‘ﬁﬁ? i e?&éistt;f“%n',g lﬁﬁén Pee pﬁfﬂg?%}%r?egnltoaﬂ(fss Faying

starts. mbhar 226iisiong Asl e @31Be stcdgrds turnédhefi Nbgiobe paliieg apo thd iedsioh or as

| ong as r 6 J.$ on on. the motor is turned off, it stops

pul I'i ng gﬁﬁqgts%%t @#{gﬁ%ﬁiiﬁ%P{aﬁ€21§§§%§ﬁheteﬁfée@faipaﬁ'ﬂﬁn by 1 g'eﬁ% Beck to the

ext rEme pwdileionsedposition.ne | eft, the 15 nodule closed position.

Alternatively, the notor can operate as a bi-state device, where a positive

.signal is required for any change. Thus a first signal would activate the
nmot or 226 to Alterbtivehe thé inthtorgcal aperail 8s anbi-sdate adevitd, sihgreah pusilivel have to

of poner “Bo Srsared R ad chdhde” A3 hrdfuigha Yol Bl AP RIS e
1218, AnopHikthe stidisg blate 218 4 4 secaridesignatiwbeld thave to activate the motor 226 to
20 release the sliding plate 218. A mere absence of power would not make ény
difference, e.g. release the slidihg plate 218. Another possibility is for the module to
have a fail-open arrangement, whereby, if anything in the control system fails, the
sliding plate 218 will stay in the open position or automatically move to it.

25 In further altemative embodiments, the motor could be replaced with an
: actuator, to push or pull the sliding plate directly. In those or other embodiments, the
tension springs could be replaced with one or more compression springs 222,
- Another possibility is for the sliding plate to rotate, rather'than slide longitudinaily.
The pl_ate could rotate about a central axle or about an axie towards one edge or
- 30  side. In any of these embodiments, the pIaie does not need to be rectangular. It'
' could be triangular, other quadrilateral shapés of other polygonal shapes, circular or

" a sector of a circle, etc., as appropriate. ‘ | '

7 . Each spray module and circuit board pair 112 is shown as having a single
35 . 'spray module 114 per circuit board 116. The invention afso covers the pfesence _of'
two or more spray modules 114 per module and circuit board pair 112 or per circuit |




have a fail-open arrangenent, whereby, 'if anything in rol system
fails, the . sliding plate 218 will stay in the open pogl]%’@ r}‘OO% _
automatically nove to it. 25 In further alternative enbodi nents, the notor
could be replaced with an actuator, to push or pull the sliding plate

~directly. In those or other enbodi meqys, the tension springs could be

replaced with one or nore conpression springs 222. Another possibility is
for the dloadi htp. pliaewise otheatanéon mkbhevetsitha psdsedes bbtwg drudbreatitoyit The

pl ate coy| t nt. e about an axle ds _pne edge
br 30 o el 8 e ROk o TRl GrarBhel 178 40P Serd uBHLE 118 RlrchoRc e

r ect angulttaer ex«bmptifiedusm‘abem)du!eamgdl gircuitofideed pepiradtd lhat ehaltwshapestedf ot her
pol ygonal r ecto f a circ ropr| ate.
Boch opr dostRA ey Sah 28 Phae b By ie nadpengeihSonife Srins G e o g o
35 sppay speguwhembéd1@er circuit board 116. The invention also covers the
presence of two or nore spray nodules 114 per nodule and circuit board
pair 112 or per circuit 15 Septenber 2006 11 board 116. Likew se, the

i nvention al s&Eachspray mb@l@iseslmmeas)ha\ﬁwg)a@ingtmslmmy platei 218 dmamd&)rlm per

nodul e angxCi r er Spra t hou t he
exenp i 122 b ltler epindit nrketle BEhwE B BoS B seml F OIS Rt ed
t oget her madniey! ielapatiemstep at latist, coatnclledrimdivideallyi ndependent |y of the ot her
withjgm the 5 spray chanmber 100. Each spray nodule is shown as having a

single sliding plate 218 and nmotor 226. In other enbodinents, there could
be tvvo or nor é’h@fspl@amdulesa1‘81iarglirdemday beraadily nidldble and heptadeablenat | east

conty ol ekt Al ohd ' SRAA TPULG? ARl B A GG o2 1Y

“rlenpvabl € an n casé an
needs repvaibbiegMthowtfn@dmg;igrranlecé the wivale lsgbtean.  Whis ntadulanesgstemgalso 1 epl ace

| the whol S"O?IySS%F% ic EBbith gr@gwei%er? ﬁ)tlaeerpn%l eoasdﬂgxlll%\é@tSpeC' tic cooling

requi renents e nor ai lore Spray chamber 100 is
cont¥®l | ed by nmeans of a control system 300. This is not shown in any of

Figures 1 to 388 %y\éﬂghggﬁ&p%&q@@%g b?fm aﬁ% o?%’Ho'h%l é@}ne 0. 31%9 are shown

in Figure 5. control syste ased aroun controller 302,
with a s not shown in any of Figures 1 to 4, but various components of the control system

300 are shown in Figure 5.

20 The conirol system 300 is bhased: around a controller 302, with a
microprocessor 304 (although there could be several.of these in other embodiments).
The controller 302 is mounted on a circuit board which is situated within the spray
chamber 100, in one of the slots between the support frames 120 (although not

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

" 25  with it and cooled. Thé controller 302 is provided with power and turned on/off etc.
through lines also connected to the spray chamber I/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 spréy 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 aflow individual control of the motors 226 and theréby the
spray modules 114, There would normally be at least the same number of




m croprocessor 304 (although there could be several of_ these in other
~enbodi nents). The controller 302 is nounted on a circ PepEmbar 5%h is

" situated-within the spray chanber 100, in one of the slots between the
support frames 120 (al though not shown in Figure 1). Indeed, if necessary,
it too could have a spray nodule paiged 25 with it and cool ed. The
controller 302 is provided with power and turned on/off etc. through |ines
~al so conrh@'op@rdtute) seh@rsmoayascbpnabenodtdl@ donanged @fsferhBly mottiednafe t he

out si de irst _.end wal e. con er 302 ha nal s S1

Co o BraliBe et ipetizh [ WERRAEL RS shinged: 142 Blbecded 505

Wi t hi R tlcmau;tp) ayr hehﬁateealsd(lﬂaegldontrbbmeiemzd:l f?ldre‘céﬁrngnéncbeirmﬁg Sttﬁﬂa|h$ rrgl to

On,trog% lntsn ﬁP t nsra¥8m)uesvvitin the spray chanber
© 9 10 rechimty

100. The out o the notors 226 in each spray
nmodul® 114, al ong the side walls 102 (or top or bottom waII 108) then
e conduits

throughthe electrlc es.,.int ) eeI ctric | i

216. The 35 dfYfeng %JB ‘2‘%8‘"@ %’p %@I%FPTGS MRS "%EJ'%{PS HAES of ¢ he
not or s 2 T6Highcaridhikidelay(fdrleach &ptr@ytrebmpétdt@ﬁ sehddts 30BEr Ehesewrd tirestiond | y be at
| east th unbe 5 Septenber 20Q6. 12 t ure sensors 308 as
spray no ﬁlﬁgg%ﬁ%%?%c{ﬂ%rt%‘?sgﬁa%&fOH{?reﬁzl4go(mt?ﬁ5?t§8r@E'é[ é(f"i‘ ‘f’%’ﬁlﬂ) Qture
measur enmempeardturenstineoid B9B tineradeisauare @sscbfifed.i Nntegrated circuits).. There
are 4| so other control lines 312, for receiving and sending other signals,

for instance fromand to the punps 138. 5 A nenory 314 within the
controller 301’i*l§]bbrie$het epgee rtaeahad tiduet g lidlto vakliesed Béfold gdoliagavilli - Low

- (for eac ature sensors 308). These are threshold  val ues
: ,_fatssom atg Iﬂé ﬂﬁ\? %@g@ﬁ{t‘géﬁ{ @&3?8‘2@6%5’?%("? the SPUPYR oRpANg {YPSIPRFE whi ch t he
t enper at erteesheatsemwcem& (ihtegtaeed/a'&;uﬁ) eitla shinti the eeinpérﬁtufe seins@h 308 id he upper
start. In this

t hr eshol t st allo efore cooli

oo meareorfa,! Baherktis B iind) oAb SRS SRRl il 2 ssrbieflin ¢ of the
heatl Ss ousensot 308, (if inthegedive theciowest mjximiutrhopenatiriy teimpertaerrpeif dasedeaensor 308
1S asso f re t.S0 r sociate th a

| e o8t atud hokbEss b EHRRRTS F Bl ioh TR AR |

t enper at witle aofempleraterehsemisor 8081 caie Dpetdie updp s1250degeCe Mrhdstrmuther(nburpaonent ).

For i NSt 30G8iatdd H?th%@a&e%ﬁr%%ta%r@%ensor 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-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 temp_erat'ere sensor 308 has a maximum
| _ope'rating 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 cbo!ing- 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-pr 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 chrps may need

~dividing up between two or more temperature sensor 308.

The temperature sensors 308 are mounted within the spray chamber 100.
- 35 . Thé number and arrangement of temperature sensors 308 can vary as is desired by
.the user. They may be mounted directly on mdrv:dual heat sources 142 (mtegrated




wWith a tenperature sensor 308 can operate up to 125 de 4 whi | not her
chip associated with the same tenperature sensor 308 cda p(S‘?W?/er?Pg?ate up
to 85 deg C, Ti-Hgh is set based on the worst case, that is 85 deg C. So
Ti-Hgh in this case 20 would be about 77 deg C (10% bel ow 85 deg O .
Ti-Low is the | ower threshold | evel fﬁ; whi ch no spray cooling is required.
In this enbodinent it is set at 30% bel ow t he maxi num operating

t enper at utieeuitd) ohhie civeuit HoakRSEI62bIesiab e hSarC PSR MNSN bind ABURceSIaRfEn hhe
wor st - case,.el gct rqni ¢ c&gngonent 25 associated with the above particul ar

t enper at UPEO $ER08CBBFAMS SENFXTIRIRST P Pedti Sayrdce i fiRtegratech Fires). deg C,

the Ti - LoPheyanay balsitiemer lelfceeSepsiatns3PB hsths dgedlof B dRgit Gobra@% bel ow
85 deg O 18@gay ({OO|IB%éIS to qe cut off if a tenperature below that
level is HE dcrdeptance they mayiheplaced emihesides of praestingmiodionpén sentedj r ange.
Hovever , witrethe deleesa1siaeer thi @irduit beardd P16, bt i FERRIAI R SRNE PoaralS, 1t

shoul d be %0 engu etg tcgat the selected Ti-Low is not below the operating
t enper at ut'®@ Gt W Ffb RicpiPs Ae 1At MpQuttag: + Rushan pERpeenentreoud wetk begis.

Qt her wi sewhdré@sectipd B ganerdlyasimilah adhrd Unienie MMRRRR ! WheOenBFffure
tenperature se%grma?i{g%eﬂThe tenperature sensors 308 are nounted wthin the

spray chairfess e Plastsern Hisexiamal fydaem el be spaypeedties E14ensor s

308 can \awtite andérsidd @8 theasbcbiyd rdcassddSfydy Eﬂ@!omtvb@er{mwé&@g%@ Lt !%’ ;)“
Clrcurts on

I ndi yj,dual he squrces 142 (jntegrated 15 Septenber 2006

t he ﬁ)rcﬁr’? ef?%ii’r Sl‘ﬂtég'ed'ﬂs"g%%é’@g@ﬁfaﬁ? cpoiBheMpe Aty ef i shiacweddei |y in a
ratio of 1dddtstRMidient thedempostire 38RsdIE308RFe RRANHOS &R ditady koBLigsr at ed
circuit) Si tuatﬁ_lieeﬁgi n the recess_portions 124 ‘at the edges of

. 444 THEY be |

" the circuith tQSé)P@YS'QE@? freg} TRgfakIe ReRPoFRYlheanPasscut Bioydhdings des of

. proj ecti g theosprap msodule elediriaglt ine adnidlits D6 (GVEUt IRroBhR BtheP linkd)e Thi§ CUi t
boards 116. th tdis tRe si des ofﬁéhe circuit boards 116 on which the chips
are not MBOMAEY 29 ohe Heeftingsk eiRamodyiar ¥k best where the chips are
genetally sinmlar and are uniformy nounted. The tenperature sensors 308
may even be pl,aced on t external surfagce of the_ spray nodules 114, on
the undersi de’t oqeﬁ%tlogie%fgw(? ?%8@%%”55%@ ¥ éf?’érezﬁéi,g NRW: daserPechwitexi t ports
214, 10 pefefemcabd figwietéh sui tabl e insul ati on against the cool er tenperature
of the spray nodule 114 itself. Wen the tenperature sensors 308 are
nounted on the spray nodules 114, the output signals fromthe tenperature
sensors 308 c&mepdwssystam ishopmrative] theesntroller B0 serayariabRUticotleets i cal |ine

gon%t S (s%é;? S(49§). OHExtt tl%oc%noﬁetrhﬁz éc”?seosl)e' to-l__trﬁiescurrent value of variable “"
(step S404). For the new current value of “I", the controlier 302 detects the
temperature Ti indicated by the input signal Si, received from a specific temperature
sensor 308 (step 3406). This temperature Ti is compared with a Ti-High value stored

in the memory of the controller 302 (step $408).
25 | |
' If the temperature is Ti ébo_ve 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
- 8412), the output signal Qj, to the motor 226. of the associated spray module 114 is
- 30 - tumed 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
| preSsu;e in the cavity 206, which is due to the pumps 138, causes coolanf__ﬂuid to
spray out, to cool the relevant heat sources which gave rise to the high temperatu'r_e
. - reading (step S414).
35 |

If_ the témperature Ti is below fhe Ti-AHigh'vaI'ue, the contreller compares this




approach adds to the useful ness of the nodul ar system 15 An operation of
the control system 300 of Figure 5 is now described withSentenkarefee to
Figure 6. Once the systemis operative, the controller 302 sets a variabl e,
- "I" to be zero 20 (step S402). Next the controller 302 adds one to the
~current value of variable "i" (step ,@404). For the new current val ue of
"I", the controller 302 detects the tenperature Ti indicated by the input

si gnal  Si saniee@hpeatufd Ath & FRRKY flalﬁe SRIBE irAiHd RemdRNSOhe 3B trbifdre2S406) .
a Ti-H gh value stored 1n the nmenory

Thi s terrp(%[ 4'gT | s, conpared_w th
of the co 0$1 : ké tdgeoldys belgw the Fhlep"l’ ¥atgerthe eyt gamal Qibeve t he
Ti - Hi gh vik weatort 105 ¢faRd é&lob@feed%'(@f MoB@E 11k idlumed é’ffﬂomméd Gl o

condenser, are p 8410 they are_not on, then they are’ turned on
(orep sa160 5418 Erellp@baphisn d)is above ecFidow Yale, dhaouiaruma 0i(tt p
8412) 5 t hhe MWZ%fWéss&aatéd%pPé]ﬁnGMi@ﬁ13%@1&haﬁé@ ?aﬁaﬁ.hatoﬁdf iR ay.

nodul e 11 turned on or_kept on it 1s alread IS causes the

sliding pf "&F@V 2’%80& rc?“ﬁéf"n‘ébav lifg is ?!ﬁ%&%@n alThignis Rpcause ¥h%ﬁlﬁ\’?ﬁ? Be@th- hol es

224 Wi t h sooeqs)iHasPhbSn@ ben TRBled RUABRHIP of Rad A6t Gt ok xn&% toMilegh 1s due
to the purrp@n 138, causes coolant fluid to spray out, to cool the rel evant

heat sour®89hich gave rise to the high tenperature reading (step 5414).
35 1f the tenperature Ti is below the Ti-H gh value, the controller

conpapes this 15 tenber. 2006 14 sane tenperature with a Ti-Low val ue
st or ZQ in the cﬁ%ﬁ‘?ﬁﬁ% mptor 428 of 8k renociafedsyay (eduls 4 hep beep tymed vBnper at ur e

Ti is belomw-cebhenTstebcsmu;abumrnédleffwtné\éi oﬁ'(%ﬁ'StﬂB? dr%llgﬁf@t&?ézﬁém]?]?ﬁ ?ft
owed to stay o step

‘th turned of f
sa1s) | rEREERD oSl HE P 41k GonRlerHeBInaRA B HREMOELE Si gnal

g, to. 54 hse“nlif'qi érha%2iﬁg@'fe ﬂ“nhﬁlgﬂ%&@ lt&hﬁéra&ﬁé%)énéﬂ?cﬂebe) (%ﬂeﬁb sazu)ncmnged
remai ni n off I, f remai ni n ready on.

This is PeiduTe tpﬁ%tqeé?rgﬁﬁ{g}Hé‘itto "LCBGEﬂSEé"(‘%YE"H%gf 2 ‘?Vr@]e Q’itﬁp Ef'fkoéh €ool ed
suf f 15i eml through the pﬂﬁﬁesg(ﬁtbr thetnekh tingeratQre S&bor 08! if MOis “AP, HaGehkhe not or

.., 226 of t focass Péiﬁl%ts ?o resg{ tﬁg VglPJg %& & to%zéroh s%epbgforﬁ)t urned on

The above process assumes one temperature sensor 308 per spray module
‘mot_or' 226. If there is more than one temperature sensor 308 per spray module
20  motor 226, then safeguards need to be included so that a -spray module that is on
and needs to remain on is not turned off because a different sensor is reading a
temperatufe below its relevant Ti-Low. For instance, the detect témperature step
could detect the temperatures for eVery temperature sensor 308 associated with a
single motor 226 and compare every one with its relevant Ti-High and turn the
25 relevant motor on if even a single one of the temperatures exceeds it Ti-High.
Likewise, if none exceeds its Ti-High, every one is compared with the relevant Ti-Low
- and the motor is only tumed off if every one is lower than its Ti-Low. In this way, if
only a single temperature sensor 308 senses a temperature above its Ti-High, the
releyant spray module is turned on and remains on until fhe 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 simi!ar, 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.sénsor 308.




. to sinpl ¥

or kept on (step 5414) or turned off or kept off (step 412%“‘ n71%éowed to
remain unchanged (a "No" from step 5416), the control 15 Q8s it the
current value of "i" is "m' (i.e. has it gone through every tenperature
sensor 3087?) (step S 420). If it is not "nm', then the process returns to
increase the value of "i" by one (ste? 5404), to 15. go through the process
for the next tenperature sensor 308 f it is "nm, then the process
returns to reset the value of "i" to.zero (step 5402) The above process

assunmes one t era ure sE %or 308 per spray nodule notor 226. , If there
is more than & ST6P ""?Bhs‘é?‘pg@@rﬁeﬁe”’s?fﬁa%fer#ﬁ?dl eHowevemptiis 226,

then saf agbmitd:s meemmorbeahrtebuaﬂér $etrishatt h@atsﬁr@bfrsm%\ﬁltﬁ' Sorhpatlsohs on and
needs to_remgin o not turned off because a different sensor is reading

a tenpef8tle hﬁ@{]o‘?ﬂ“ﬁt'gn r @ deerntion; thresholdse, rathest Mave speeflicaliyt iust

t enped at tempesétare. coul d detect the tenperatures for every tenperature
sensor 308 associated with a single notor 226 and conpare every one with
its relevant Ti-H gh and turn the 25 relevant notor on if even a single one

of the tenper itidr @fdetH6RP®G thbsel iskib@Nin thbi HEWh&Cevdn| tHRGE Mc&EES ItS
- Hi gh, ever¥lﬁone IS g&’ggared with the relevant Ti-Low and the not or s
e

onI y turfAagpastics and fges O | \GHiers wrefarred embodingspts (of, theyipsesgay

onI y a sinnghtianthanp eearh sstdorieinIng f&@&:@@@é@ﬁp@nt HIPGEAGUE isaliRvativd S
on_and renains on until the

n‘gef at ?ﬁtﬂges rgtgl e\('taf{]g['fcégo f mdgléleﬁiﬁéﬁt %Q&%@Wmmmf&%ﬁr sfructyel ow its

| TI - Low. éfﬂrmnmhwne oepanolaadmsswpseamﬂhetr@ pithcleBEthE nlkéoA%8 Rk dLEd W th
-.each sen)aort ﬁa s, from one tergerature sensor 308 to another. However,

sPY i besadngencralhairaning fihpsanpeaded Gaies WIhOEE upper
thr eshoIdbpﬁrtmgfghntﬁmaetcopeo&ﬁemdu(ﬁan be the sane for every tenperature
sensor 308 and the lower threshold Ti- Low that is used can be the sane for
every tenperature sensor 308. 15 Septenber 2006 15 In the above

enbodi ment, tenperature sensors are used. However, this aspect of the
invention can use other fornms of heat sensors, with conparisons against
heat em ssion or reception thresholds, rather than specifically just 5
tenperature. It is understood by those skilled in the art that even though
~nunerous characteristics and advant ages of various preferred enbodi ments
of the present invention have been set forth in the foregor ng descri ption,
-thrs di sclosure is illustrative




10 only. OQther nodifications nay be made, especially i t

structure, arrangenent of parts and/or steps within tﬁ%§%¥%ﬁé$b eg of the
invention to the full extent indicated by the broad general neaning of the
appended cl ainms without departing formthe scope of the invention. ''1 15
Sept enber 2006 16 CLAIMS 1. A spraygnodule for renovably in a spray
cool i ng chanber of a spray cooling apEaratus, sai d chanber having a
plurality of heat sources, which is for cooling the plurality of
heat sources, the spray nodule conprising: a cavity within a first body,
for containing a cooling_fluid;, an input port for receiving cooling fluid
to said Eavit4)SPERYIBRYI s sepovably Ina syaY £oplnaGHAMPST PER SREBYFEOWTY t he spray
‘cool i Ng apApRUS! $6d cAPRDbEDh&viA® aTBuRilifyebRhéatesdufcdshanfch’ Modliedy reet ween
first and §ec8&f W%€S|}Eons; and a plurallt§ of output ports being in fluid
comuni cERYBH G Rivrafity oF eepsispyrcgmdhie spay maduisr@mMmsaRgi s in the second

posi tion rel ai cavitytwithinhefirt Bsdy, P ebhtaPg £Ecdlihy fuiio the first body;
wherein the resigonse i.s based on {he Lﬁgount of heat emtted by the
plurality of 3'hiBRY! RO fPLiEseiving caging f RrsaGbYs associated with the
control | er meanscodd bdd§pPimyesBshsketod eoMfdlioN MnédhsChRithe lspray &osliny t he
second body i,s a sl itgi | at?, .mounted agai nst the first body. 3. A spray
modul e aRPBFUNH PREE ?gﬁ?rﬁ“ﬁj"eofe E’Etf"emﬁ?e{h@i first Redys Befwean sl and sefRiitht ed i n
sai d cavpdsijtiond;.ard spray nodul e according to claim1l1, 2 or 3, wherein the
second body copprise self-lubricating material. 5 A spray cooling
appar at us coﬁp{a%l'hgoéo"g%?tﬁpr@oqﬂ"?%@ éﬂ'ﬂ%gﬁ@muﬁﬁ"%‘!‘"thﬁ%ﬁ Yiyg"h&ans for

r enovabl e seoorid Rgiyds i thealdebid pbsifieh AYativedeltiRsfinel pdbitidParestivé & trRccomodat e
a pl uralotj ttyé)t%f_ heat sources directly between successive spray nodul es; a
fluid cdlP® V’ng surface for receiving and collecting fluid sprayed within

t he crfihber Wﬁ@émttﬂikeLdSbuﬁsﬁ ib}bns@clﬂ of [P mBTHt WF ﬁéatdailﬁiﬂeq eptfopluriityreans for
contro 6f rﬁ%ats s[%)ru(’?1 e'sns%nséa lgyhr?ea? slejrrls%ré gg’so(():{atesdov{'i?r?/thg%o#trcﬁlse’r means.

2. A spray module according to claim 1, wherein the second body is a sliding
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.

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

5. Aspray 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 spray modules;

a fluid collecting surface for receiving and collecting fluid sprayed within the

~chamber from the plurality of spray mbdules; and

' controller means for controlling sprayihg by the plurality of spray modules;
“wherein each of said plurality of spray modules is as defined in any one of c_Iaims 1to

4,

- 6. A spray cooling apparatus according to claim 5, wherein the moUnting means
-are arranged to mount the plurality of spray modules in parallel. '




wherein each of said plurality of spray nodules is as gefined i y one of
clains 1 to 4. 6. A spray cooling apparatus accordi ng%%epé?rﬁ[?%r}g%Merei n
the nounting nmeans are arranged to nmount the plurality of spray nodules in
parallel. 15 Septenber 2006 17 7. A spray cooling apparatus according to
claim5 or 6, further conprising a gturality of heat sensors for sensing
heat emtted froma plurality of heat sources in the spaces between spray
nodul es nmounted in the spray chanmber. 8. A spray cooling apparatus

accordi ng. to Alspra) doolivhedppiaratiid @cédibg ab |cRIimNB NS, fakiRr ARMHpAthg 4 0 contr ol
sprayi ng i ndi vidual spray nodul es, based on

of . ific heat_sources b ay d L
the heat PUEHEEE Neat Sersors o SResing Sestwmitied Gomae sl ebbtat isguiapp i at us
accor di nthetspacdsaietivéen siray Riodule endbaftidri® tHeSdprafe@idinbdrs operable to start
sprayi ng of those heat sources, the heat sensor for which senses an anount

of heat exceeding a first threshold. 10. A spray cooling apparatus

accor di ng. t o Alspiap dBolirig Sppardtas atddrding te-aaint ) WitdreintB@bBénticleORgaRPl € to
stop sprayin eat sensor whi ch _senses an

t hose heat .sources, fhe h ~ for
oot R o LR hPESENGA 9 oon By TR IR ECAES: at v
accor di ngaded oblthé Reateasst BPspastiieheatsdnBerssecond threshold is | ower than
the first threshold. 12. A spray cooling apparatus according to any one of

claims 7 to 11, wherein the heat sensors are tenperature sensors. 13. A
spray co@l i ngA apgrcablig mmf tos ag:own@}fa?/clgge?,oﬁhaéiﬁlﬂﬁ? c&a_tutoﬂeﬂ;ﬁ?aﬁsu_r t her
conmprising: a. reservolr 1.0r cel Vi ul romthnhe uld, collecting
surface 15%8 ersqg[gptpﬁtqusprggp% °¥ F‘B?Gd K?%%PH@%’I e hept senser é’b}“’gﬁ?ﬁ $68%f%s nount ed
i n the sarayomitairhestexcdeting’a 81t tyeshORl i ng appar atus according to any one

of claimse 5 to 13, further conprising a condenser for receiving fluid from
the fluid collecting surface and for renoving heat fromsaid fluid. 15. A

spray cotl.i NgA 3pfyrciolisy apparafiis i@cdding @i dEmle orwd whreinies Edritroliére
LorTaLe ek BRerBiinl S7SES ot el e hedt bl o i 79

senses an amount of heat below a second threshold.

1. A spray cooling apparatus according fo claims 9 and 10, wherein the second
threshold is lower than the first threshold.

12. A spray cooling apparatus according to any one of claims 7 to 11, wherein the
heat sensors are temperature sensors. '

13. A spray cooling apparatus according‘to any one of claims 5 to 12, further
comprising: ' ‘

a reservoir for receiving fluid from the fluid collecting surfacé and supplying
said fluid to the plurality of spray modules mounted in the spray chambers.

14.- A spray cooling apparatus according to any one of claims 5 to 13, further
| comprising a condenser for receiving fluid from the fluid collecting surface and for
removing heat from said fluid. '

- 15. A spray cooling apparatus according fo claims 13 and 14, wherein the
Treservoir is operable to receive said fluid from said fluid collecting surface via said
_condenser. - ' ' '




-18 16. ‘A spray cooling apparatus according to any one qf clains o 15,
further conprising a second fluid collecting surface 1%c§ep|t9éﬁ r\ﬁ%ﬁé and
collecting fluid sprayed wthin the chanber fromthe plurality of spray
nodul es, the second fluid collecting surface being an opposing internal
surface of the spray chanber fromthgfirst fluid collecting surface. 17.
A spray cool ing apparatus according to claim 16, wherein the first and
second fluid collecting surfaces both have a plurality of fluid collecting
hol es t htg.ei nAfspray edchgidpgadatusl sedobdn@ th Ay Bhe cPRIRAMs @1 HIGuMRdHOD AND
APPARATUS  ABSTRACT % spr@%q,rmdul e has a%c_))_gy and a cavity with a sliding
pl at e wi TIRRISING @ PeROYALTHYY qolgRting Isudpgmior £eqeiing ankkedlipstingiyidsniaedet ween an
open. poswithioithe charbércfom fitd prirdlity bhepral Mciuls e ¥édoRd irlesolieBtidghe body,

to all ow cpoli ng %)r aé/ﬁcgﬁpt,o oceur . and, a closed position, in which no

spr ayi ng®@ER PENg 2rhp t')iefial pHEee e pryhrabenfram BRI nount ed

i n par al dottectingrerface.f ront of the other, in a spray chanber. Each nodul e
has its body holes directed at one or nore heat sources on a-circuit board
or sone such, the circuit boards being placed between adjacent spray

nodul es.17SepaA ap@ytoeam@r@burwmaﬁﬁ? Bjant16, Wheilcripe fitdt ah8 Se€dnadi f f er ent

heat sources..,Based an t hese detect emper atures,. a controll er

‘sel ecti "i cgg‘eﬁ:ﬁgg Sé'%@?ﬁfl OEthaé’ﬁe%iﬁ'i'reﬁ%;r)g%aép'%ﬁfﬁc@gg t@?eépﬁhég)e"i’ f¥se heat
sour ces -drhining fluthtperettiroligh.i s too hi gh. Sprayed cool ant fromall the spray
nodul es falls to the gravinetric bottom of the spray chanber in whichever
orientation the chanber is in and is collected, condensed and sent back to
the spray nodules. . FIGURE 1 '






