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15 Septenber 2006 1 SPRAY COOLI NG METHOD AND APPARATU. ﬁ% Fi eI the
| nvention The present invention relates to a cooling s PENP

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
achi eved by increasepRrAY COMINSUMETHODSAND RPpARBARSt Ot her factors.
While a microprocessor operates, it generates an anount of heat _
proportional to the nunber of transistors. This heat needs dissipati ng;

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 f i%i epteseti |ﬁ\$driﬂaﬁ lr@late@%%&ay Qo&ﬁigp%{é?ﬁ‘ aﬂg 4 Rthdded c@éiﬁg ri%\érrper Ature

mcroprocessor 38 hat it can work under 1ts design-preferre
becones ST HIET dpdres, HRYCH R fripgratedecioite s ehiles. oping: @s spiey @Bling

Convent i gyggdmai r - cool i ng techni ques incorporating heat sinks and/or fans
are wdely used for cooling mcroprocessors in enclosed systems 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€

nt. Instead, the common net coolng 1nvol ves
damage to _the Iteg?r}egne

feF &n 2oyt deaberepediony ta theingmker pf tragsidderer , wi t h
expect edTHis ghbatt maaaismﬁ&saﬁatmgooiﬂ\@ﬂfﬁsé iteSreates therfid LHESs, thafg&g nﬂ%' I ver

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 guasterlthe hati gehdrated ithMUS sSASREGrSa SHE *fhe?ﬁxoréi ﬁigffrcult \ﬁﬁf&ﬁ%
n conpari son w ot

conpl ex'cﬁé’s’ipa?‘grq b%ggmalasn gDISSI ahon gf Il"neat geﬂgrated by a microprocessor so that it

can work under its design-preferred temperature becomes critical for the

- performance 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 sufficient 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 improvement of
cooling capacify for electronics, in the order ofa 100-_fbld inCrease in the rate of heat




35 cooling nmethods. In particular spray cooling provi t%wfffg .
| mprovenent of cooling capacity for electronics, in ?ﬁ(sas%)rt%ﬁs&o

100-fold increase in the rate of heat 15 Septenber 2006 2 flux renoval
when conpared to air cooling nmethods. This is due to the conbined effects
of convection cooling plus vaporisatign cooling. Patent publication

WO A-01/ 01741 descri bes a spray cooling device for 5 spraying electronic
conponent™X igmenalewiagrosemtpahd 48 iais . copting: methiods.o (isy issqueatpsthé lcoimdhinedi r ect | y
into the FRBSS ESoli n . | the walls. This has the

di sadvantegggsg}?%ggrayiﬁg&%‘bg?{ﬁsngééﬂlsgﬁ?r??‘ﬁcgﬁ?i me, whether it needs it or
not. Patent publication WO A-01/02962 di scl oses increnental spray cooling

by 10 way of @mfehinKuthiRbti k viice . A nunber of spray.nozzles are
directed at the esa*?rlé ﬁ%tg%érw%?%gglﬂgeﬂé%gp%ga &8(7’\%8%0"8& ‘ggclﬁer it board.
The n8zzISPERVIIElestrania companents ince anctised etlassis. alt sethedugpsprays fiEat . Such

seal ed cqy t | exi bility of an e king o

nodi f i ca%ﬁ{y Iﬂ:ﬁg té%%&%%%—@ﬁhﬁﬁ?% 1¥°N%s the?n%aﬁﬁ' \ggl{h[%#“g? Héepr esent

i nvent i oflisagvatage efspsaying exerdbiog iath thestinse, evhethanitinebdpit ef sstabl y over cones or

at least partially alleviates drawbacks with existing systens. 20

According to one aspect of the present invention there is provjded a spray

nodul e for reMmHRMBIBHblienian \WE-AH142802 alscioses iimgemestairspray coblirghbpssenbl y

is fpp ld i | d :hea [ he spra dul e rising: a

cavity vvic‘itagidrj\:ré‘gI lfﬁli( —Estw p%o%é,(y ?o"r’%o&t@%ﬁ?%"%&%ﬁﬂ? ¥ﬁeﬁﬁfledza§q i nput

port for SRBELUMbeE of beAtigeperating devicessari al cireuwit ioard. aThenauxbshodycirgoy eabl e

r.el ati vepbardt 18 4 Y | S ositiong; and a

plural [ty e S Iy Ebaret SRR el A ity when
t he secoﬁ@%ﬁ%'h of anyt fewogidagerdnedificationn rel ative to the first body, and

out of fluid 30 comunication with the cavity when the second body is in

the firs osition.relative to the first body.
13 " SEURRMARY B TEEVERTION Y

It is an object of the preéent invehtion to provide a spray cooling system,
which preferabl_y overcomes or at least bartially 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 cohtaining a cooling fluid;
25 an input port_fdr receiving 'cooli'ng_ 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 fo
" the first body. |

According to a second aspect of the present invention, there is provided a spray
| -cooling apparatus comprising a spray co.oiing'chamber having: -
35 'l.‘nountin.g_ means for removably mounting a pluraiity of spray modulés‘ with
~ spaces to accpmmddate a plurality of heat sources _d'irectly between succesé_ive -




- are renovabl nount e

According to a second aspect of the present i-nvention,wt%eg)rtgrﬁbgrz%gvr ded a
spray cooling apparatus conprising a spray cooling chd avi‘ng

nounting neans for renovably nounting a plurality of spray nodules with
spaces to acconmpdate a plurality of heat sources directly between

'successive 15 Septenmber 2006 3 spray nodules; and a fluid collecting
surface for receiving and collecting fluid sprayed within the chanber from
t he pl uré‘tPTaﬂ/WQﬁ‘UI@pﬁ@@/ nmodul es. 5 According to a further aspect of the
present inventi t 0 plurality
of heat sourc%\I f%a%ﬂlgw@c%&ﬁgé? é{rjs%g%g@g 43 &ﬂgd?'é fﬂ%{ &%’rﬁg GDW'tﬁﬁ t@ heat

sensors g8apberdrase thetrurality ohspsayimoddlesr nor e spray m)dul es associ at ed
therewith, conprising: sensing the heat fromthe individual heat source

‘means_by way of their 10 associated one or nore heat sensors; and for

t hosed heat sodfeudingdaa fusthemhspsst oh thes preseot ineerttionss treho ve pmviderdsa

t hr eshol 0, nodul es assocr at ed
ther e th SRS GSTHE A0 B RiratP of REa ek onBAeS oBPh B AR RS,

exanpl e, @‘H@Q iafeedn More magt pernprsl @ssocigiedithereith enbasiangr andredsprand a

o cavity Wu@s%&é@rdﬁ&dm@é\nﬁth"‘&& rlgt I ncom ng control signals nove the
sliding plate between an opén os| fon, in which holes in the plate align
with hol es i nSQWthi@yheEttdroralth@\m@‘ﬂdtuafn@pae poggtengetns dycway orttein cl osed

- positg Onaséd&ra‘f@H&{é&gnérgmwé& &%c A plurality of these spray nodul es

araF one in front of 20 the other, in a spray

chanber . EachqurdEQﬁeehﬁ%tsSqur@ peaps ol ehidi thecserded theahds @mboverar frsheat

. sour ces pl aced

Betveen aedhof, SelLivel et RO HRe e bt okl 2 000EA tRELI ! e

t enper at tor&s! Wra!dﬂ'!effé?@?@t“ﬁ’émat S@uﬁfcwaﬂBased on these detected
tenperatures, a controller selectively sends signals to specific spray

- nodul es to spray those heat 25 sources whose tenperature is too high.
Sprdyed cool afer P@EBplealthe invwentiopmay provide @sprayambdule having agraalyianeta i ¢ bot t om

of the spiay wifiadBRiind ﬂat@ﬂvﬂ*ﬁr‘?‘ﬁerl{g@dmiﬁgtc‘%ir&rkl%ﬁé?s gr%bé‘@?éarsirdiﬁg bfepnd 1S

col | ect ed, condensed and sent ba
between an open position, in which holes in the plate aligh 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;




BRI EF DESCRI PTI ON OF DRAW NGS 30 Further features of the present invention
will readily be apparent fromthe followi ng detailed #2Septepbro?I0st a
non-limtative exanple, with reference to the acconpanying draw ngs, in
which: 35 Figure 1 is a plan view of a spray chanber according to a _
preferred enbodi nent of the present ynvention; 15 Septenber 2006 4 Figure
2 is a block diagram showing a cooling fluid cycle of the spray -chanber -of
-Figure 1; 5 Figure 3Ais a cross section of a top plan view of a spray

nodul e and ci r gl to sbRagd, n the s gure 1 ina
first confi gurg,tt*!’l"I \9—’ 5ur e&%@aﬁ?a%i S@PB@@ Ee‘gqq?ﬁ%cfg?ygy?’%r?fd}?%rﬁpﬁyew of the
spray mcﬁha@b&hdfiﬁgmredl, board pair of Figure 3A in a second )
configuration; 10 Figure 4 is a cross section of a side elevation of the
- spray nodul e of Fi gure 3A; Figure 5 is a block diagramillustrating
conpoRent's of BighesalA isomtrask sdetiancxﬁatﬂ:ﬁéomﬁdelewdla épm?r?gev@?(gﬁdlﬂgﬁgﬁtﬁg heat
control  SEERT #din fid rdy A Fouls LRt iR < e same
reference nuneral appears in nore than ogeFof the1 affagﬁagzregg dr g\gr rr)]Ig:m
it is used to e i i
vi ew of a spra$j %gﬁﬁ%rg%i%%@%rc%d‘ge 556 P &V'?@QFW@WPW%@E%PMe vulth
one emomomafmfﬁmeﬁAelsers'econd/mmﬂgunatroﬁEhe chanber has two side walls
102, 1@ first end wall 104 (being the left end of the chanber in Figure 1),

a second end wall 106 (being the right end of the chanber in Figure 1), a
Figure 4 is a cross section of a side elevation of the spray module of Figure

| y 3A;

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
_ 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 chamber in

7 -Figure 1), a second end wall 106 (belng the right end of the chamber in Figure 1) a
.. 30  bottom wall 108 and atop wall (not shown — and removed for the purpose of Frgure
g ). 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

- 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 apart :




30 bottomwall 108 and a top wall (not shown - and re d for t pur pose
"of Figure 1). In use the sBray chamber 100 is sealedhﬁ%gqaﬁﬁp?%ﬁﬁ@f air.
The two side walls 102 are hol |l 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 11§ is nounted orthogonally between the
two side walls 102. In normal use there would usually be a nunber of such
pai rs mo@ddd papaiteh dous paivt orkSisStptvanib efig 2@06 forslaig isncamicadrel 18 Rut only

[ B j . ripty.. A condenser 118 is nounted on the
glrjltes: Zesof ttéedqgrgt:r%hgéﬁséanﬁdgﬁg?géf%ﬁ'g.exgd@c;%'frarres 120 are nmounted on the
internal faces of the two side walls 5 102, oppﬁsi ng each ot[lgar. Tr11<234

t f ' i | pns ., 122, wit reces ortions _ _
Dot necn t hom S-PPap (a0t os,n*f%cS?megmt;:ra@'sfaczgfaﬁe Rtisice walk civout

102, i Oine stygpsu & have , poRtit , Rdthr e :

boa_rd5{:);3u - m:r!.;zn_smgeeambwthend gmpor??gﬁ 124 mjtmj(-zt;*acg Y n ngz'tzhough only
bne. such osae EoiBs 124 Aed e R o bl ol o Sl P ORMeE gur os
for sinplngicirguit kardipaird 0 12 aspmaynted dul teeangpert frames 120261k g?rit;?aci)rﬁéﬂizz hgf |
the suppbt o 1a petlor B fhe kel borlbi 127 a1 S8BT B4 bBGA Sl Foebieha o1 i ghe
cl ear anc &Piay tedsiserd eitpufl boprqtaind 2pe sh%\mmm the Figired foe sinfpligino rWitEﬁiﬁf[’:l_ﬁES 120.
' M ' tween, t wo ac 0j. ecting
por {1 ons gy gl shS ChaR A b3 1 tnE EIEHT HRafbiRis Tho BoRbEE of *: ne
circuit BRRASNAITEGESS Foidiors $24 ofdbdgrippbiaipmes2R0(and therandetdh e Qp@pﬁ) are
- opect qRule, T RA D ionBEdaut M ol REREaRel BodBte dobiite 126 i <
pI acr:)ed i PURPOoFtdeames 14k ti on 124 between an end of 20 a ci rcuit board 116 and
the projecting portion 122 paired wth that recess 124 (that is the sane

projecting portion to which the end of the spray nodule 114 of that spray
moddi® and ci Feemdthebihe rpesss poitipn R4duitaeemtvg adjacknt pejatingpodidfs i S

L ght enegaa $n8 supbBIRSEATPR HBAEP iyl HEkndR &'hSWrBaP Kok P O the
spray nodule and circuit board pairs 1127.
.Therefore wedge clamps 126 (or some other means) are used to hold the ends of
each circuit board 116 in place within their respective recess portions 124. More
particularly, a wedge clamp 126 is placed in a recess portion 124 between an end of
20.  acircuit board 116 and the projecting portion 122 paired with that recess 124 (that is
the same projecting 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 I/O connectors (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). Eléctricai 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
o p'rojecti'ng- portions 122, there being one such supply hole 128 for each projecting




The circuit boards 116 also plug into electrical 1/Oc ecto t shown)
~in a known manner. The electrical I|/O connectors are ﬂ%gﬂﬁgﬁgﬁﬁggﬁ t he
bottomwall 108 of the spray chanber 100, between the side walls 102.
Spray chanber /O connectors 127 are nounted on the outside of the first
end wall 104, for connecting 30 the sgray chanber (and the electronics it
s cooling) to the host machine (for exanple an aeroplane in avionics
use): El @wrtidnc 4R2 dalthoaph ahat pmmemmlbmeﬁcém@nasﬂwwmbw§Qﬁ§amtméggg@ the first

erd el S0 QoD g RGN R Sl b e 2 e

suppl y haespectigssmay moflulesnthe side walls 102 above the projecting
portions 122, there being one such supply hole 128 for each projecting 15
Sept enber 2006 6 portion 122 (although that may not be necessary, but

al | ow8 gr eat erAsf thisxemboditeht is iBtempley foubesnid3Ass 0BRAE intélngl SWRRkYishol es 128
to suppl

in_the espectiv dules 114. 5 As this
enbodi nment {E%?]sgl?yn qruéia&%gtﬂngavﬁl%ﬁcé ﬁba‘“ﬁegf‘;&gy ﬁ%égpéllﬂaéuw%ésl%
pot ent i aldoyneafdsuiptighbbt ievdrieny stsaiglﬁtairen éa@rnﬁnE@dmﬁfeﬁfdl s[ﬁﬁ’é/ceb@ fibd ptitng flat,
war ds ht erte n a turn). Each
:Jlr[:t ernal. sdrt?é;%@mggg g%ﬁl?e ?fﬁ? §h‘?p ¢tp r@Brﬂ%‘%é){'qP'H QUi dovards l'té and
shaped t 6ouheEs, in alivgr ennqonumemst Eama:xfdfse eight carneraavithin the éyeéhaﬂfﬂé@d di ments.
-+ Eac f a anber 10 10 a drain
EnoTO 108 8 AiaRARALE a0 Roldhfing RAGY . TRERBERER clc pealy MRS Cho  top
-~ and bot t &0 9nd botm@Bwalhﬂﬂ&seiaceal alttmugh caarxextiantd thaternbheofans beies of the
~other t h t .Two. col.lLectio es 134 t end
* llengt hwa?90 %J Egﬁﬁ%dc!\ Vgﬁ%’ﬁe){@g CSEG%O%BP%#&&MGQQ fg‘gﬁ‘ Bé’%ar each
edge of fthedop amdlboﬂomamils ‘d}Banne pmmmetanreecliaagé eaﬂhsusé Waﬂf,le Eath dhgn
col |l ecti rture of e
col l ecti gﬁ”ﬁ#ﬁ?ﬁ%ﬂs té)?ﬁeo (c)ﬂ &PR® ig‘gr‘)f”&r atme g\»? %@6&? ate
col llext i end pf prch epligttionrpipa n% aéﬂnbogh Bmi‘tdraln@]:efw%wm\aglh‘aeé amgpm t he

The col | oarien b 2R SRty SoRTy ol B e 8 o he

condense®pertuges 2 ﬁn@tl@em@l@nm pipes 1|3|4qdrendae$ﬂa:d(hmkléhwerTlmeseltecﬂd)rt, whi ch

B 5gg|sy' nbigod oy %xre%dh@' Slgnias b Lecfopnﬁeern\ﬁ%zfllslOéjtgtheb%n\(’:}@(se? é-.WO reservoir

20 The condenser 118 includes a condenser 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'




suppl | pes 136 pass to the inside of the spray chanh 100 t hr. h the
seggné.Pegd wal | 906 and through the inner surfaces ofﬁ%§ﬁé%qﬁ§”§@gg wal |I's
102 to the side wall reservoirs 110. A supply punmp 138 is situated within
each reservoir supply pipe 136. 25 The purpose of the spray chamber 100 is
to spray a coolant fluid 140 fromthe spray nodules 114 at heat sources
142 on the circuit boards 116 and to recycle the coolant fluid back to the
~ spray nodprlagshdrider Tl0ef dtiglrartt fluid will typically be a liquid. It is
ideally electronically inert and preferably non-corrosive and incapabl e of
30 causing damage to any parts wthin the spray cooling system 100 or the
el ectronics €oolbet fuidl1ed.stdrbdidt tHeasiae wall GesaisoirsesEeR @thiuted to the

I . PFCs), h .Sh t hensel v to be useful in this regard.
Por exanpPEIBOR SOl TabuBR S AN e irPbise T2 A e Rty R TB0qu d. f or
exanmd e Fheltinid iespragsd butEE-tIYe?ipréy ﬁmda%aﬂﬂ)dilﬁél][y{)&ﬁghbgﬂﬁcﬁ@%ésdm]glq&_ gs\?mqi h?ﬁ
=] [ b k di | 00| i uid cycle for ui
the 16 clisafindt PioeteAFhEg) gy e, Al £o36h' DR Heglisdrstenseitiom 1w ui o 140
stored ihedtlsousiesd42ad Eherﬂlﬂdzrtldfrbbﬁ rcf'dlﬁin?&géﬁteﬁﬁ e‘trﬁwee@lf ﬂhle rktﬁﬁsbo@ééfg gl I t)é % .
2114. via,t S a .he su ubes .
fS FL% rg%%méd a@mgatgf'p‘f?fhtgg 8’8“%@/@0@8?@ ﬂﬁﬂ“'ﬁ i'? é@ﬁqf{}gsﬁipen feeClsour ces
142 (i n witfe tHeoheat aburicas dgp.atTe iidpabpﬁ%;ﬂmohh%s@? lrdh_tt'tddolé@_%@ﬁd%esl(m%chH_eat ![ﬁe
4 A0 , re reducin
temid) ot B sk 8ok herdiBhel ahe Sanicnand i€ togellihyith i THRPPRSS | 0 140
Most  of ficuid fidwsi filedly duap o teetbid polfecion satice, mgrch i$ h@rnﬁ&@tt?éﬁ#ﬂér?ﬁs 1:1% The
S INe re. nost o e ot her
Lo ey ek 8P RN A&t e M it it e i e ctorb o, oot Fmds gur d 11 owe
freely dirainsirdo theedrbinuapertoes|id@et i ng surface, which is normally the internal
surface of the bottomwall 108. There the fluid is directed to the four

comers and drains into the drain apertures 132. 15 Fluid passes through
t heldne- way VRAlidgmsdetithanghahenge g valvek eldttizpg Pomese cbidction pigee condenser

118. They LoRARRSnadder ' AEPRE dSRAbnder ATt BRolEd nat o the fiuid 140,
cooling it down again. That removéd heat is then dissipated more easily, now that it
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 sources 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 sourcés 142 of the circuit board 116 are being
- sprayed. o
35

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




- ni pples at

cooling it down again. That renoved heat is then dissi e re S|Iy,
now that it is outside the spray chanber 100 and spac@?$§qﬁgg %ﬁ%

i ssue. The cooled fluid passes to the condenser reservoir 146, fron1mhere
it is punped back to the side wall 20 reservoirs 110, through the reservoir

~supply pipes 136 and supply punps 138gto conplete the fluid cooling cycle.

The condenser reservoir 146 is useful for ensuring that the returned fluid
i s cool ed2eRvadds moﬂlhtﬂdetngfbtb\etbed that thedi cgnbieeds tgepbdcadotno atrthedude devitywal |

reservoir 10 h S Y, i nes t end
from theﬁg%pprﬁé]gwb E&%anbe %goep@ mggd%eﬁgréeﬁxﬂeéetggg\%r f° % Z%fXFl gure
3A is a ctismandegt Ageslet 208toprophdanthe inswiudd cavitg B0@ Yo pmdedt@nwlmbkegecw t
board pai er o 1.in a fir

cont i qur arTonedRovY 248 S8l 1WA lop et 8 el AROUP WA < ne
spr ay nodwhgobsiupplyi poctsi2! Ooorer at eyaalh enabf thaf:m rece8ged body phate B0 These

Cor by o e Pint G6RES aBE GEDC A e AR, T iRle Moo

the spragredeided by thedsupplydlioesetBO dfFigure 9 (not shpwnom Figlolee3A or 3BY. abhushe heat

sources 14 ofq) ;J‘%mgbb@%djsu?ﬁ?ﬂﬂgd W coﬁ@a{ﬁhzd.m her hand, in the

configuration o spray 114 is open, and the heat

~sources 142 of the circuit board 116 are being sprayed. 35 The spray

‘. rzrgggh@gl%gzl 5204 rrgﬁ %EIHEE' rﬁtl? ﬁ'aﬂnté&%ﬁ Ef‘}(‘;‘ﬁ’%g‘% ﬁ%q%e oilgngept enber

elr forma

modul e cafmmey 21%06"011'5@31’%5 lﬂtﬁdﬁ)rw mOdsleztlZ frad thenhmgat Iseurses M@df theget her

- 1on case Bt SopIA | 9 Bkt P UGN B Eh SR ool 0, 12,

of the sptiythrayghitais fiphow frameni2. oThtsupmlytrpcmmslt Ba®d inmeuatedaacteend of
the 11 1 taupBoeRaRA B0 FRLAL %1202 mTlIR8%he SHBPIARIS 210 extend Tnto

e top spriay nodu ere they are joined by the
suppﬂ? tubes 130 of Figure 1 (not shown in Figure 3A or 3B). Thus the

modul e cavity 2Q6 ré&es@éé’%“ i filst LR s%%&ﬂb?é%%ls?ég P&éf"hlg els%ZT%4SQJeay modul e

114 is mounted on the circuit board
generally parallelepiped in shape, with flat surfaces The only exﬁs 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

L

, second recessed body plate 204, for an electrical line to pass through.
25 | R | | N
A sliding plate 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 elong. 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




frame 212,.-which separates the spray nodule 114 fromthe heat sources 142
of the circuit board 116. The spray nodule 114 is usuld B§PempelE¥Sont o t he
circuit board 116 through this hollow frame 212. Thus when the circuit
board is nounted on the support franme 120 of Figure 1, it also nounts the
spray nodule 114. 15 The recesses of ghe first and second recessed body

pl ates 202, 204 are generally parallelepiped in shape, with flat surfaces.
The onl y ceatetisfor redtibert wedrl shddfictiohebetldarsit aneteseeshdadysqdbiyHiRear e

t hrough tzlag supply ports 210. On the other hand, there is a plurality of
exit- port’s 214 through the major surface of the second recessed 20 body

pl ate 204, extending straight through to the outside. The nunber of exit

ports 214 cag,be,.chos rding.to.the expected nynber of heat sources
for which t heqh?ros&ﬁlpg p%ge ?zﬁﬁg}ﬁfea%igphtytoﬁ@ﬁ r‘?}'@?‘a{]‘?lf%q 2?‘#«/%59 1%F ge nunber
in a $egwoben apah¢ end tathd sodalpparinoé.n Thie twhtbed andhsRiohs oftigofi@bect ri cal
line conguit 2 t ugh one e of the econd ,recessed bod | gt e 204,
for an eﬂ%e}g'tlgq'%cg?s ?#Aﬂggr{e&pgg%ss&dtﬁp%aﬁt_ p‘ﬁ% 14s'f‘iﬂgﬁ ﬁ@%\%{?@eeﬁéﬁ%ﬁ%s agai nst
t he maj oplasaiz@4cle tied firsheonSgaratich, e ctiewe th Figody 39| fided, 204 slidingg plagiieg over
all the ' ts, 214. 1t.is,sljdable in | ongi tudipnal difrectiagn
rel ati ve?’i< g)ﬁet ﬁﬁe& SXIEHE postigy s%dwb%rﬁylhﬁl @f"é%@ﬁ&%bglﬁe%% arey F"} é)c”tt é‘it rene
- posi ti onakgnmenbavittishe leeit pefts 2114, Fh ghis esnffratdi, foid chhnonpass Baaangd extrene
_posifd ong WA he. right i j gures 3A, 3B and 4) e gsliding
PP ati0 5786 FolbPRBES 2ok 08 vie A parft HE8hERe Apiai Lo ORANE alisha
~ recessedhamtlyn fHeasezold dorfiguratipn ofs thewn PORigliie BB, ghé Ekfind pRte BN the ong each
-edge, in sl . di di.rectian. Two,.st.ops 2 re,. provided on each
- posi ti onsé%?aeéx%g@gg%c’%‘eﬂogt%'e@}q{el-lﬁ%l figid %Oélﬂﬁ%‘&%ﬁgz?t‘toa'ieh@ijm plgnme second
extrene ik the exitposs 2B4. BBhisceafiguyratidre flaidipdsseg fronathe Madule Savity 206,
.sel f-1 ubyi ; e, bei ng., PTEE Sept er, 2006 coated, for
reduced {/I\%g@é glﬁn%ﬂ]fr{)%fkl?%% e4f &%tgﬁ e%'tt pgﬁ%Zf%gprgg%tglrﬁrgle%%%ge&gﬁ%dy pl ate
: 20_4.15The sliding plate 218 has a plurality of fluid through-holes 224,
| which are In some instances, it may be wasteful to have a large number of exit ports
214 spraying the circuit board, especially if there are only a few heat sources 142 on '
the circuit board 116. In such cases, the sliding plate 218 itself may be customised
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 than 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
3 116 may ge’nerate 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. o

‘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
| 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 wali 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




5 open at one end to the nodule cavity 206. The nunber §§ tEO% %(ﬁ)gs of the
fluid through-holes 224 corresponds to those exit por second
recessed body plate 204. In the first configuration, as shown in Figures

" 3A and 4, the sliding plate is at the first extrene position A where the
fluid through-holes 224 are all out qgfy alignment with the exit ports 214.
“In this configuration, fluid cannot pass fromthe 10 fluid through-hol es

- 224 t o t lFgwesd)tof perdiding pletaads.no sprayi ng occurs. On the other hand, in

t he second configuration, as shown in Figure 3B, the sliding plate is at
the second extrene position B, where the fluid through-holes 224 are all
in alignnent Thitdefdultgosiioh ipthietsprRldodule 1trlmr§th@psﬁdvguma¢rg@as 3hland passes

fromthe via the flujd h-ho| e t he exit
ports 21&%%%‘%)3@%8@%%%@(&%@ the stodbls™) 1465 emt%ﬁteeéld"tgtp Hey be
\l/JVast §5u| at extmp@srtloar;%eo ey Tﬁ‘s ithietdeRitipdsitidd AHusRo a&lé4trée§srbhﬁr ﬂﬁer cuit
oar ere. are on eat sour es on the circuit
boar d 11@8"“9?8&%“85@%? wWhap & p rﬂ%onp?:g@% ooMes; tod Ffm?rtﬁﬂlz%@:"@u@ﬁom sed
t 3 have (ezldcwcﬁl Iimedn ttiy elegifichldine soRduit zrzer rmmn@ls @ rhétok Ege en emfi Ithagotrj t Sd214
' t t t 4 t
ot " noed PEI RS B, TPadeRRieaciiiyahitis eet TN GIoRAT ORI 1t hor
t han charpg:wm@dtmetmal Eptimg Pe&ked tRISBthd Biklidd plaﬁb thqslqhuﬂéwh@%xﬁé’rﬂet hat are
acci 1 on Posict sl B ot AF s ftlion e ST €6 e ePh BHMO oy
generate different anounts of heat, the sizes of the exit ports 214 could
be 25 custom alth h ferably, it be the sliding
. plate 218 aga?ﬁéj sfl‘ﬁﬁ psﬁ;ﬁg)dﬁ LS, 10¢ ﬁ%t cgc{y? thpétjﬂ%ﬂ fqrtﬁsd’%f‘ﬂ - hol es
224 havi n@tdramﬁes ohoressoohtmsithe iuderss turhed nﬂsvempt poﬂmg aAd #id ®insignpl ate 218
of the r SRS 28 iy dRe HuidBel A8 BB srdier® son o tanelabdRe o O
t ensl®n smduleg*nsﬁﬂ&oatlom he ot her end (the Ieft end in the Figur es). The
notor 226 has two pulleys 230, one at each end of its rotor, to each of

~which is nounted one end of a cable 232. The other end of each cable is
attached to Alwnatbetly, dhel ntcttblecarri gheratends ianbrtdtﬁel—'degweesﬁrem‘ atgusitisé i di ng

Fecess of Oniee ilfblor 875 S bk ALl Yol M AHatdod RGO Br 1 ng 226
i s att acheltihe sliding platea? 18anti @sh@ﬁd@ignaewduid matdréo activate the motor 226 to
20 release the sliding plate 218. A mere absence of power would not make eny

difference, e.g. release the slidirtg 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 pIate does not need to be rectangular. It

' could be tnangu!ar other quadrilateral shapes of other polygonal shapes c:rcular oF
asectorofa crrc!e 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 presence _of'

two or more spray modules 114 per module and circuit board pair 112 or per circuit |




15 Septenber 2006 10 Figures) of the sliding plate Zlfse T@ g
position in the spray nodule 114 is that shown in Figu § AN 9 This
is the first configuration and the nodule 114 is closed, with the sliding

plate 5 at extrene position A, to the left. This is the default position,

~due to the tension in the springs 2284 However, when an operation signal

comes to the motor 226. via the electrical line in the electrical fine
conduit 2beid 116. shk@wilae,sthehmerrrmmtalsﬁm\lerrs thagrdéseate optwd & mbe cadaltes 232.

the spri oo BB ER ML BE G BrargBaf 12 o0dl FEVThpa i Ttd Bnanlihe 10" ™

posi ti ontig; exemplifedr sgrhy .mbduld lnd giasittbhoand paire1 tdiab ehd thé insuntpen and

sprayi ng S | i plate 21 s in th dul e gpe osition
For s SR ey LR 5B e RaBh ot PenaBeCS B8 e wABEBa or i ¢
stopsSpubpmmghamﬂetHHlten5|on springs 228 pull the sliding plate 218 back
to the extrenme position A to the left, the 15 nodule cl osed position.
Alternatively, the notor can operate as a bi-state device, where a positive

signal isr eqlﬁaclespn‘agrmemye wstmg\m asThauingnafsingtd sikiirgnglbteViidl shdambtovat e t he

nmot or o] at 18 and a se nal woul d have to
acti vat e@g éu in Bw %@aﬁﬁé@%’}ﬁ% e%?éjgd E%ZW%PM’% Ef‘-‘a‘f lnzggng}g HeEPE absence
of power mwoiuled! o tactaketonal/leastidohteolxddmdividually. r el ease the sliding plate
218.14\not her possibility is for the nodule to have a fail-open

arrangenment, whereby, if anything in the control systemfails, the sliding
pl at e 218 wi | The sprayinmodufes Uideare jrdsndeddn bereagiyt mmmviablalalny replaeeablz,it. 25 In

T L

" actuator " 3 pash

enbodi rreﬁY@labbhWIth@lanaedmgstprrepigse theuvibolb systepl. aThis madutar egsteor alsor e

.~ conpress S | r the sliding plate to
- rotate, hgcﬁ?sﬁfecﬁg%oélﬁ%dgqﬁb%%é%:ﬂn% éasf%ta:l%leg?% could rotate about a

cent]r%l axl e or about an axle towards one edge or 30 side. In any of these

erbodi Ment s, THe sBlep'cfatiBE 100 oBREdel yIfed Y AL A crelh 0L De

triangul ar, at era apes 0) es, circul ar
or a selstnat stwwa lrtamscpéFlgme@ 1, toafs bapmrmsmmonaae lof ther eoptroosistasn and

circuit BeRh& Fdwh ,,Jril:%ul.§5shown as having a single

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




35 spray modul e 114 per circuit board 116. The invention_ also coyers the
zpresgncg of two or nore spray nodul es 114 per nodul e &%ﬁeBPF@GT%(ﬁhard
“pair 112 or per circuit 15 Septenber 2006 11 board 116. Likew se, the

i nvention al so covers the presence of two or nore circuit boards 116 per
modul e and circuit board pair 112 or qper spray nodul e 114. Al though the
exenplified spray nodule and circuit board pair 112 has the two nounted
t oget her terpergtucasehers §parat epraganbduied rtigdand gependgninbye, Gbr tivee ot her

‘withint spr harrber 100. h. dule is s . as haying a
-\g:,ng: e slgfe’%Hr%S g‘t“itleé Yitg "é??&”trﬂteﬁ of @gwcfluﬁi ggﬂ‘érso'érﬁﬁ%dr%emﬂ'f’g‘?gr%ﬁ%re coul d
be two ocircmitsp dhesnafe ailaoa)tlmrngin&olsmfeay?jﬁlrmdure&e&ﬂaﬁ,arﬁﬁ@éhd(vjﬁ% @theﬁ';) Ieas.tI
controll dj aII ules 114 are intended to be easily
r emovabl g%na@ ‘JP\éEF 88%!5?'@ d-[?rﬁleafg {}%part i cular one is not needed or
needsSreplacing or if an upgrade Is available, wthout needi ngI to repl ace
the whol e systiem Thi ool i ng

requi rerrent>s/ Sgo%fgﬂmﬁyl RV g%/{ﬁroﬁer @%St}meféet\“ﬂ%fa@ﬁ? JeEfFPolr %’Peﬁoo i's
cont r ol | &dHlgh amla'ﬁsl.owf(fcir eaohtol' the tﬁp@bﬁtﬂtr@%gs&hﬁw) I'th&.@taré hwéhd(l)m any (r)]f

Fi gures onents Q e contro are shown
i ngFi gur éalf.)lgs %65 i ac/ t‘:}'g %69 14% (ipé%ggate erfaw é‘o‘f%'? bither 302,

with a ‘tﬁmnangtummmmdmédlMLajeaEMmd:oul d be several of these in
oth enbodi nents). The controller 302 is mounted on a circuit board which-
I S srq uated within the spray chanber 100, in one of the slots between the
support franedi-d@6 i§ she bopayhhreshold sdvaihat s to beialiowldd béforeesbling fwilnecessary,

bk ooy RSN paR RN TR 5, BP0 SR et AR 11 e
al so conefkibedwat sourbe 14D (iatpgratedtieuit) with edivhetbé tersperdfdrarecmioedosns  t lhg o1
o am 1 rsshlbd b8 o g bnd dRaf BRPE oSl il etBitreBie 305
wi t Hisn tﬁmsgpﬁa& icib doabed o @@, lowestomaximgiesoperating temperature of those heat
' sources (the worst-case electronic component). For instance if one chip associated
with a temperature sensor 308 can operate up to 125 deg C, whilst anotherlchip
associated with the same temperature 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-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'dre 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 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




different output signals 01 to On, through outputs 31 o.the
nmodul es mﬁthiﬁ thegspray chanber 100. These out put si ﬁ%‘%mﬁqﬂgga run to
the notors 226 in each spray nodule 114, along the side walls 102 (or top
or bottomwall 108) then through the electrical lines in the spray nodul e
el ectrical line conduits 216. The 35 g fferent inputs and outputs allow

I ndi vidual control of the notors 226 and thereby the spray nodul es .114.

Ther e woutictuits)ronehé yirduit bdkrdseaist oﬁé}ﬁc@@ﬁi@arﬂ%ﬂ?%en@%néﬁo@%@&%&h@ﬁn 3006 12
terrperaturg sgnsors 308, as spray_nodules 114, and preferably nore, for nore

accurate ¢ PRE [PUPHALES SERNt 305 PEmens, NeRlafoUFeat 42 &D‘ieééﬁedlﬂ'ﬂc%t) nt egr at ed

ci rcui ts)The?hﬁﬁye bars&uﬂétsqh e &OPdticNs ’124“§t5th§3e%ige§ of tHee&ﬁ;hi( 'bBQrd@nd
sendi ng ﬁé{ naI s, for i nstance fromand to the punps 138. A nmenory

314 withi H:eOFd g5 they mspy Pegplagedson @ﬁﬁéqeét‘?ﬁrpéol?%ﬁnéﬁﬂloﬂs ‘ﬂ/ﬁ‘Pfﬁ@@ Ti - Hi gh

and Tb- Lamtr(tfh@rre\%aﬁls@és bitfle [cRBMEHRIrE €163 M A Hre IR of INESR uRHBali8r eshol d
th those heat sources 142 (integrated circuits) with

|- t
m gﬁst ﬁ:ﬁ%m h BF’Q%? &hibs UG Mot Mssintade nBWeh, 81 alrapoeBed cvaldworkibesti - Hi gh i s

t he upperwliehé e enigs bl%V@net'é]@tSImﬁartdhdb&e ahliowad nReheue BROkMpEraiirk! start.
In this enbodi set at. 10% bel ow t he maxi mum operating tenperature

of the h@&?sgﬁg‘ﬁgé“@4?’60|9ﬁ@§?%ﬂ% the; exéaimalsufpes of e eRravecdwestMat ur e
sensor 3013. the underside iopttRbecbid fdtesed odiPldte DDA AR BA xS PSS soci at ed
W|th n%)fe h{ ﬁlﬁlst Eensor 308, jt is based on the | owest maxi num
oper & 8??% YitaBle instiationagginst @SGP%’@%@(‘TPI?@‘%@E“@(%@ wpdide r oni ¢
corrponent1)14 ifself. Wﬂh@&eﬂnben@ﬂﬁe%@hﬁbr@%@@@r@hﬁﬂmté@ st dppBPRIcALEEEe sensor
308 can Q@ % Ppp 2% % g st another chip associated with the
‘-same tenperat drd R 5ignA'S Fom s efan?rﬁ %%é%@p@%ﬁﬁw Wsd%'btr@UQhﬁ"ﬂH gh is
~set basedn tie spray wasdsie élaamcaltm@tcdnauféz@%)r@utfwﬁmﬁgh it ihBs)t hriis case 20
woul d be about, 77 degp%9§%f0% bel ow 85 Low is the I ower threshold

level foPPRIvEEhafds 19 8'8???1 9&'6‘91“"‘-‘@ M.|n this enbodiment it is set

at 3D86 bel ow t he maxi mum operati ng tenperature of the worst-case

roni nen h [ | r oni onent
el ?Ct ont ¢ Comoop?erétlon qu t?1e controFs;tfsteem% Stf 19133% g |se %E)wodes%nge%rrywth

reference fo Figure 6.

Once the system is operative, the controller 302 sets a variable, “i" to be zero
20  (step S402). Next the controller 302 adds one to the current 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
| pressure 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




25 associated with the above partlcul ar tenperature sensor 308 has a

maxi mum operating tenperature of 85 deg C, the Ti - Lov5r3nptermkar 2086per at ure
sensor 308 is set at 60 deg C (30% bel ow 85 deg C). Spray cooling is to be
- cut off if a tenperature below that |level is detected, as the chips are in
~their confortable operating range. ver, when determ ning the Ti-Low
for any tenperature sensor 308, it should be 30 ensured that the selected

Ti - Low i Ssamed tewmwtdw@raemtdmam@@mé@wr% mém@@yopmbpconﬁéﬁé?cso@t ed with
t he tenpe tﬁfﬁgegs{or 308. O herwi se, thgse chips my need dividing up
bet ween t 1 e ipsmemtieel| inhrlpw “TSQ)@ L%é”t‘%ﬁb%ﬁﬂ%?@%@r@oﬁ% 308 are

nounted vihe diot 308 GRRGMssooRMEMRIpraPRoduIdd 14 r@tu‘ﬂr\ﬁmﬁf ortdIdwal E@Q&?Wt of
tenperatu fe 41 3) ﬁ 308 can va[r?; as is desired t he user. ey may be
mounted dePET 1? dhthedamperatuse @étbog%m%E'sLOM\zahee rﬁ'ﬁ%@#@tﬁe‘ﬂgfﬂ 0$eq9t enber
2006 513 the htort BB ¢Tithd A obiatedlWptaydRsdds 114 & u%aﬁég&c?&néﬁiﬁébﬁflﬁp@ them and

not necez§arll ina ratio of one t enperat ur e sensor one heat

sour ce 1eRRPEISEERINNG ek | is alrepsly omy This isi Q%&'ﬁ'%then" eﬂQVé‘n? Bealss

portions shfcedd) HR&IBBORG Hekn (do6lelisUffidichtlPBARES notldd -holBhaldhsihafteg they may
be pl aced oEnthe si des of projecting portions in contact 5 W th the reverse

sides of ©R¥%ircuit boards 116, that is the sides of the circuit boards
116 on which the chips are not nounted. Such an arrangenent would work best

wher chi ener simlar and are uniformy nounted. The
terrpzpature @@JE %W%éyg e T S e B\Qdﬂlﬁé1é>haér*%$§f‘ t4npd 8be of the
spray moduliept a&4stepcsu1r4her tmﬁ&i offdR K tbﬁqS@Em 'R EREH td pehvaiRl at € 204,

~hetween the, exit gq& ,sf 214 efera sui abI e insul ati on agai nst -
. the cool &NchAgsd @ NP sfe’r'i’e @5&99@6 ller detpamings Hithe cyrerd vale of

t enper at ui'és wr(serrsasaﬂgorwmrdmu@e@ t@mggﬂ&ﬁjrélééﬁyor@@é?i ?fep ékéo) tipg out pug ]
can pass  ou hr ou |nes in e

signals f ro(rép,, hgt H;@er ature sensors 3 apd
spray nodtf Pey IMeArogesy Letipisdp incesasedhg walug gf i q’Vr‘Eﬂ‘f‘g@ite@t JtPnes) .
Thi s15apgoahciughdte pt@nes@eomefnesmmeaétuﬁéﬂeeﬁm@barthty@t ‘M thbh He
. operatio rocf ol h COI;clt ;eol tﬁéStlem gpp of FLS(tzjur i s now described with
* ref er enc & FESHGUNE 1resehbe velig of ystosa "i?pg‘f‘ogt)l ve, the controller 302
sets a variable, "i" to be zero
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
temperature 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 temperétures 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 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 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.




& yel evant ©figT

20 (step S402). Next the controller 302 adds one to th urrent \@hue of .
variable "i™ (step 5404). For the new current val ue o ‘? Ptember 2008t ol | er
302 detects the tenperature Ti indicated by the input si gnal Si, received
froma specific tenperature sensor 308 (step S406). This tenperature Ti is
conpared with a Ti-H gh value storedqgin the nenory of the controller 302
(step $408). 25 If the tenperature is Ti above the Ti-Hi gh value, the
controller determnes if all ~the punps and the condenser are on (step
8410). If theﬁjﬂ{ﬁe got on hen they are turned on steEI S412). |f they
are already o %‘@ee'ﬂ’haé)m&% t?‘ﬂ?Pﬁ'@H”%rﬁe(]’é‘PrépﬁreS‘lﬁfﬁ) pwevesutifiat si gnal

g, to thepdmtdﬂth&i@/e@fsoﬁ lian ag@0o6that eshmsP6RNeat RHELR, Iith EsmBlisbHE ned on or
kept on, |s al ready on. This causes the sliding plate 218 to be

pul | ed, ?ﬂ@?%tb °3i i YRFHY" t e TPPRAUANt HireRhpldsn ofatier 2 thanyisprcifierdy elist port s
214. 'ﬂ'hetenmseatatere in the cavity 206, which is due to the punps 138, causes
coolant fluid to spray out, to cool the relevant heat sources which gave
rise to the high tenperature reading (step 5414). 35 If the tenperature Ti

is bel ow the ffiisHigerst6ddIdy thbse GRMbd ah!BE SOMRAT %ent Hobigh hurkitbegsber 2006
14 same te ratur aél\glth a Ti-Low value stored in the rrermr of the

control | 8'? ? Isticg 1Ry advagiages rof yagovs ippefpded, ebpdimants, of (SW thesent - Low
val ue, t ineemtldahmatfe degnadt f@th intthe fdr&@uimPatcrgidh, tis @l?@oﬁﬁ@ @Iltﬁtr%ﬂvé pray

rne f or aIIo to stay off (ste . the -

mLJi at?ﬁ]e Tlét{:’j ?ﬂﬁﬁﬁj afions WQVL P2dge eSP?FéaIBu!’bﬁ'ﬂat%"%rﬁl SfQ'Cthteo 5 the
| m)t or 22érrarfgentent a.ssans ahemr swpamﬂmdmeepﬂﬁdbless ot fHehntatidn thapBifm ng of f i f
-t is -alre d%doff 0 i nin is already on. This is because the

"
@8{?%@(%'3 nﬁ&’aadeg?q?é‘f“ WS‘E““'BQe?f '@80?&9&”@%9 clamewithpubr has mgt
got hot mfpmg-lgfbnnﬂm%ﬂ:opeeﬂmen@enﬂ& Once the notor 226 of the associated
spray nodul e 114 has been turned on or kept on (step 5414) or turned off
or kept off (step 5418) or allowed to remain unchanged (a "No" from step
5416), the controller determines if the current value of "i" is "ni (i.e
has it gone through every terrperature sensor 3087?7) (step S 420). If it




is not "m'; then the process returns to increase the v e.of "i. one
(step 5404), to 15. gg t hrough the process for the nekﬁég%ﬁég?%Fﬁpgysensor
308. If it is "m, then the process returns to reset the value of "i
to.zero (step 5402). The above process assunes one tenperature sensor 308
per spray nodule notor 226. , If thegge is nore than one tenperature sensor
308 per spray nodule 20 notor 226, then safeguards need to be included so
that a spray nodule that is on andCkAME to remain on is not turned off
because a different sensor is reading a tenperature belowits rel evant

Ti -Low. For ipstance, ,the detect tenperature step could detect the
t enper at tr es £ SPrANBOIHIG B remnayahheingg BRGY CopingAeReRPEa SRfaYIFoglingsi ngl e

‘mot or  224pangtus, 0SER IcRaRBE Hadig ablukaliyt ¢ hedtesbardes T whidhOmoaddd ik ysn the 25
rel evant tomo& |{, e}/en a single one of the tenperatures exceeds it
P ality o

Ti - Hi gh. €°9! et sowcesdhe spray madulg GoRPrigg y one is conpared with
the rel evant dtadigwithmngfirshisodyDio? tontginfiyl &/cdolirdgifddof f i f every one is [ower
than its Ti-Low In this vva}j i f _onypa single tenperature sensor 308
senses a t enp®} BPYHROTHBIIEEEIViNg cppling Tyt torsqld Cavityievant spray nodul e i s

turned on andarsegendiody, iNtrespdnde foeEBRKAHeH RediBNeRdhdYspraP R¥kHyy I el evant
t enper at ure sensor %@ gel OW-I'[%TI -Low. The above exanpl e assumes the
Ti - H gh 2GS | AR IR iM% aifive alhs firsbhedy beimery dust aognserrNd

t enper atpositioagrsar 308 to anot her. However, to sinplify matters, for
exanpl e when the chi re simlar, the upper threshold Ti-H gh that is 35
used can be t%@ﬁéaj'ﬁbgf%‘ﬁp@\@r{; t{eé’?&)lé‘r@'%fcg'%%ﬁ?@ﬁ‘o%wﬁh Ak cRlY WheRer .
t hr eshol ttle Beeorldovodyligin the derend pasitibierdidiRe 38R firef poaitRInyrelAP &5 feUr € sensor

308. 15 eRr})té)ﬁrrber 2006 15 In the above enbodi nent, tenperature sensors are
used. e Y this aspect of the invention can use other forns of heat

sensors, W t hwisneinatié RRPEnsedis Babed oh &R aMBuMTf BBatEmitted Bp thoplutdityeshol ds,

r at her ”}ﬁ'ni eci fical ldyl@{}g%tt 5 ten%.e?rﬁ%}u e, %t i s, understood by those
ski | | ed GTACPHOULLSE SPASR SRKAGHA ith the gpaleqller Megngs and

advant ages of various preferred enbodinents of the present invention have
been set.forth in the foregoi.ng description, this disclosure is.
i1lustreive '%PE?PW‘?“LH& REFONIBA ic%ariﬁmﬂ‘eﬁ%wf thee seropd, badyJe @ llding i n

mat t er s pMite shourttédi Bgainst 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. '




arrangenent of parts and/or steps within the principle f.the i ntion to
the full extent indicated by the broad general neani n%%fpt‘?rﬂléerz?@é nded
claims without departing formthe scope of the invention. ''1 15 Septenber

2006 16 CLAIMS 1. A spray nodule for renovably in a spray cooling chanber
of a spray cooling apparatus, said ghanber having a plurality of heat
sources, which nodule is for cooling the plurality of heat sources, the
spray nmodul e conprising: a cavity within a first body, for containing a
cool i ng ) ui dA sprdy codling dppatatii BeddRdifg \th RRIMROD lor Y flikHér Cokrprising G cavity; a
second bold}/,. |r} reggonse o controller ,rreq,a]ms of the s r%cool in

appar at uR'Urajyed di5RE SeRsOR%PE SERSING gt qrajtted Fom  pluralibygf eat wewkes M st and
second {eSphiaytsstwediisgrap matales Moudfedanl tHRUEprapeRamdegi ng in fluid

conmuni cation with the cavity when the second body is in the second

position relative to the first position relative to the first body;
wher ei n 8he rAspeysRoiity Wu@écédﬂ@nztﬁ)blﬂh Piwihdaih tecéritledpedrite

pluralit of heat sources sensed by heat sensors associated with the
Bont r ol | 41 JREHHRIE toLonoLSprayG ol dipelfc eal saiigs by AR 3k mackies.  he
second bbabedion the RbatdieRged Y sierific Medidepdordgai nst the first body. 3. A spray
nodul e according to claim1 or 2, wherein the second body is nounted in

said cavity. 4. A spray nodule according to claiml1, 2 or 3, wherein the
second bady Aspryiceelingagpardtus utitnfoirtﬂﬁg ihdwn%iﬁ’ﬂ&ﬁﬁﬁaéin the coht@RéreiedRol i n?
apparatus conpri.sing a spray,.gcooling chanber havjng: unt i ng nmeans for
renovabl § ORS%[% tﬂggt%' fﬁrﬂﬁﬁﬁ’ %/’{ @'08? h%%rsayf%dflﬁ é@aﬁ?gﬁ%%glé’@?hlsgnseéccommdat e
a pl ur al art ymodintloe htatexoeadisy dfirsethidgholdet ween successive spray nodul es; a
fluid collecting surface for receiving and collecting fluid sprayed within

the chanber fromthe plurality of spray nodul es; and
10. A spray cooling apparatus according to claim 8 or 9, wherein the controller

means is operable to stop spraying of those heat sources, the heat sensor for which
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 to claims 13 and 14, wherein the
Treservoir is operable to receive said fluid from said fluid collecting surface via said
_condenser. - ' ' '




-controller neans for controlling spraying by the plurality of spr
nodul es; wherein each of said plurality of spray nDdJﬁég%W§N%§28§¥ined in
any one of claims 1 to 4. 6. A spray cooling apparatus according to claim
5, wherein the nounting neans are arranged to nount the plurality of spray
nodul es in parallel. 15 Septenber 206 17 7. A spray cooling apparatus
according to claim5 or 6, further conprising a plurality of heat sensors
for sensing heat emtted froma plurality of heat sources in the spaces

bet ween $gr ayAnspeay soliig Wpba@tisNadddrisd tavng bABRrolaiBs 5\icS 5 akurtR&o! i ng
apparatus_accordin ta ng%ﬁ17” wherein the controller nmeans are operable
opfl figiderofieqting

to cont r SAMIFIAA § [suERCs ton reasiving and ealigstingdividssprayedodul es,

based onwittie tieaharsiggrsiasn e pRESitS bCsHaRImSRREO ke sébond RRY 8dlle6MRY | N
i i he controller nmeans i s operable

apparatus _according to claim8, wherein _ .
to star t?%%?ﬁ%eﬁﬁ ORRRSIE ipeal §U'§ﬁ%‘e%f, ﬁ‘f’ ferayehemben e e firgifiuich senses
an anoundolleftingenairfaexceeding a first threshold. 10. A spray cooling
apparatus according to claim8 or 9, wherein the controller -nmeans is

operable to stop sprayi ng of those heat sources, the heat sensor for which
senses afv.amw Bbr_a@fcoltﬂl&@ta}dp_eiamg@scagﬁqgaﬁ dlahmemmhdr.heirﬂthe fifst 8g ?ﬁc&@ﬁ' : ng
appar a .according to clai an erein e secon Iresho is

| ower t tcﬁ'@e k' &”ﬁ??ﬁseg‘ﬁtgr '&ﬁveﬂ.P";t(a@ps\rlga}yﬁ%SPlﬁ%?a"%Sﬁfﬁsa?‘&?l%é%r ding to
any - one -drbinifgdiuicsthéretivolgh. wherein the heat sensors are tenperature
sensors. 13. A spray cooling apparatus according to any one of clains 5 to
12, further conprising: a reservoir for receiving fluid fromthe fluid
collecting surface and supplying said fluid to the plurality of spray
nodul es mounted in the spray chanmbers. 14. A spray cooling apparatus
according to any one of clainms 5 to 13, further conprising a condenser for
receiving fluid fromthe fluid collecting surface and for renobving heat

fromsaid fluid. 15. A spray cooling apparatus according to clainms 13 and
14, wherein the




~reservoir is operable to receive said fluid from sai d f|UId coIIectlng
~surface via said condenser. 15 Septenber 2006 18 16.15/5epimRer@869 i ng
apparatus according to any one of clains 5 to 15, further conprising a
second fluid collecting surface for receiving and collecting-fluid sprayed
w thin the chanber fromthe pluralitypof spray nodules, the second fluid
collecting surface being an opposing internal surface of the spray chanber
fromthe first fluid collecting surface. 17. A spray cool i ng apparatus
according to claim 16, wherein the first and second fluid collecting
~surfaces both have a plurality of fluid collecting holes therein for
draining fluid ther etSRRANSORRAWEDDMEDVEFPERARNE APPARATUS  ABSTRACT
A spray nodul e has a body and a cavity with a sliding plate within it.

I ncom ng control signals nove the sliding plate between an open. position,
in whbch holes in the plate aligaBgTRACHoles in the body, to allow cooling
.spraying to occur, and a closed position, in which no spraying occurs. A
plurality of these spray nodul es are renovably nounted in parallel, one in

'L ront 01; t he At haay mast:ltﬂehshasaa! bodander a cﬁﬁ?Mlﬂ‘DdUbIEhﬂ@@Idté wilh@d t. holhes ]
directe r e heat a clrcuit oard _or so suc t he
circuit Br?cgpnﬁ'g; %°é'i“’ﬁgD%“%{%€H>"8 ' @‘ﬁ“%ﬂfgﬁcﬁﬁwe%?afpemﬁ@g '"g{ﬁ%ﬂ ate

t enper at bioles gethe plate dignewith hdles nethp GO, 46 aﬁowpéocmn@ Epraging theatursany ces.

Bas on_t t erat ur es o) electlvel nds

Si gﬁlg? s . c&%%gé)%g %ﬁ: (éagv; ﬁPré'¥'n9cfi°§brrsayJ‘] P[‘l‘@'@y A 5%68?36,‘6"98/

- tenper at areereovablpandunigd inSparajieldone &0kt & thenctihdr, irha sppsyayhamishil es falls
.to the g t of 1 hamber | n whichever orientation
e ehanba FRULESAR Ry 1Rles HEetRl Ao Ao, bt SCos e e e spr ay
nodul es. board ForGaiREe Isuch, the circuit boards being placed between adjacent spray
' modules. Separate temperature sensors detect the temperatures of different heat

.15 sources. Based on these detected temperatures, a controller selectively sends

signals to speciﬁc spray modules to spray those heat sources whose temperature is
too high. Spi'ayéd coolant from all the spray modules falls to the gravimetric bottom
of the spray chamber in whichever orientation the chamber is in and is coilected,
condensed and sent back to the spray modules. |

20

FIGURE 1




