W0-2010/129262PCT/US2010/032537 THERMAL COMPONENT TEMPERATURE MANAGEMENT
SYSTEM AND METHOD STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT [0001% Not Applicable. BACKGROUND [0002] To drill a well, a drill bit bores
thousands oF fe&tt&’#e crust of the earth. The drill bit typically extendd SENRRAER a drilling
platform on a string of pipe, commonly referred to as a "drill string.” The drill string may be jointed pipe
br coiled tbRHRRMAGHGNERGIRG AR MRS TSN i the il
cuttings to the surface. At the lower, or distalyanggghthe drill string is a bottom hole assembly (BHA),
which includes, among other components, the drill bit. [0003] To obtain measurements and information
from the downhole envj ile drilli inel ic instrumentation. Various
tools on the drill String’éga : %é@&%@%ﬁ%ﬁﬁéﬁﬁgs%rement-Whl'e-drl”lng
(MWD) tools, incorporate the instrumerﬁ\g‘non. uch tools on the drill string contain various electronic
compondffhcdipbiatdtadepart of the BHA that generally consist of computer chips, circuit boards,
processors, data storage, power convertegs éf&ﬁl@ﬁﬂjﬁq) [0004] Downhole tools must be able to
operate near the surface of the earth as well as many hundreds of meters below the surface.
Environni80#3] tehop&ibitured keridribbi hess doitande ket img Brecaminbtls eaehwvéhe Aglihe depth
increases,;theqienls aaSubIastRcia A SEYETe SNBR3IRGRIMeAMEeRtidfobeXABP BnHRYINIOle

temperatures are general}%}}high and magE even exceed 20QC. In addition, pressures may exceed 138

MPa. ThaFETEd Ko %iBrafiih SiHpeshdBR i SEuedaatabad RtRCoRBratn P HFthE B SR nvironment,
particularkhiur oty mgopesatines.to cool and lubricate the bit and lift the drill cuttings to the

surface. At the lower, or distal, end of the drill string is a bottom hole assembly (BHA),

which includes, among other components, the drill bit.

[0003] To obtain measurements and information from the downhole environment while
drilling, the BHA includes electronie instrumentation, Various tools on the drill string, such
as logging-while-drilling (LWD) tools and measurement-while-drilling (MWD) tools,
incorporate the instrumentation. Such tools on the drill string contain various electronic
components incorporated as part of the BHA that generally consist of computer chips, circuit
boards, processors, data storage, power converters, and the like,

[0004] Downhole tools must be able to operate near the surface of the earth as well as many
hundreds of meters below the surface. Envirommental temperatures tend to increase with
depth during the drilling of the well. As the depth increases, the tools are subjecied to a
severe operating environment. For example, downhole temperatures are generally high and
may even exceed 200°C. In addition, pressures may exceed 138 MPa. There is also vibration
and shock stress associated with operating in the downhole environment, particularly during
drilling operations.

100051 The electronic components in the downhole tools also internally generate heat. For
example, a typical wireline tool may dissipate over 135 watts of power, and a typical
downhole tool on & drill string may dissipate over 10 watts of power. While performing
drilling operations, the tools on the drill string also typically remain in the downhole
environment for periods of several weeks. In other downhole applications, drill string
clectronics may remain downhole for as short as several hours to as long as one year. For
example, to obtain downhole measurements, tools are lowered into the well on a wireline or a

cable. These tools are commonly referred to as “wireline tools.” However, unlike in drilling
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[0005] The electronic components in the downhole tools also internally generate heat, For example, a
typical wireline tool may dissipate over 135 watts of power, and a typical downhole tool on a drill string
may dissipate over 10 watts of power. While performing drilling operations, the tools on the drill string
also typigall; r%m%s'fﬁ‘re';ﬂﬁg?o%?é"’%%'ﬁ%ﬁl%ﬂ}’éfﬁﬁﬁ‘?g‘iﬁ@%B%%%%%%%%%ﬁ‘%éQ diherdaynhole
applications, dritr string electronics may remain downhole for as short as several hours to as’long as
one yfan Ikarrexample, to obtain downhole measurements, tools are lowered into the well on a ,
wireli r.a cable. These tools are ¢ only. r%‘ Std\]i%éﬁ' awireline. togls.™ However . unjikg.in drilling
appli(l,j‘gt?oﬁ?, Wireliﬁléo?g%lfls g‘]étr&?e;%zﬁwnﬁegringir%nsthee?ownhole e'nv.ironmeﬁltj%ﬁ Iaess thanctwenty-four
hoursteifi8fgtre protierdwitordownplentodis fsathanivtiondolisshwsite taneptraresoateeatd the
tempeiaiue. & diesiRgliena caReRcs, Uit MaatcanpoldisRipal iniai s enylinaenty he neat
may accumuraté interna y within the efectronlc components and this may result in"a degradation of the
operafiegshéiacteidtcsrstatieomputenttios mbjhresummareraitre1apiesitive gefidiakhdasources
must e aseouatarlipLIndanpia ool ot e ARIRHAR (NS HOHAAMALARMNRGIE the
environmént and the heat generated by the tool components, e.g., the tool's electronics components.
[00073wilenthesteloehataresvafomra aidvent dles dmat garenteth &Yy dheded! 2ooman@isieégoriiee
comeOr&q;%télggg (g{ltg&%%% ﬁggncpsoerate at no more than 125C. Thus, exposure of the tool to elevated
temperatures of the downhole environment and the heat dissipated by the components may result in
the dd@fadhtion Whilhe therivalfeitteecof ehode cdempdetntsn Gremarany, MernsalyshRREG fatlifre has at

least Yo.masesohishdhe iheunigh a0 e companants desradssdheliiselidiging gzecond. at

some temperature, the electronics may d the components may stop operating. Thermal failure
may resulttin destivdt tmperaaitestiod thplslcembeiccortirormmmtaird Bledmsnidiconiehdntsbput also
because election) felluge.inigsBiilowahole AatMtss TIPSRIR e Romhalg AJs0 Use
costlycr(l}é11 H%%n ?&%@?ﬁ%ﬁg}%%e:g%agt two methods for managing the ter%%ture of theinigjl

comp8remslin mdewdHolbitedlaOntelensitiivg imedhealistorig tmpelatiirsnianBgerrEesgstem. Heat
storing temperajure &E‘@fﬁ?g%éﬂ%. IRVAlVRS [eaongNeERLI0m, e thRRa LRMPRNen! and gloring the

heat in another element of the heat storing temperature management system, such as a heat sink.
Anothermpetidsisahesippxbiperating. tdhparatufellvranagentertisyiterastHaat exhaulthdrdifperature

mana %QH&M‘%‘@ rempving;beal framuthe thetmaheorapeasptand fansierring s hsatda the

environment outside the heat exhausting temperature management system. The heat may be

transférredetotbuti Strimg e estiveigsil sl intritsdorsholgtalse he @t stmbme.
[0008] There are at least two methods for managing the temperature of thermal components
in a downhole tool. One method is a heat storing temperature management system. Heat storing
temperature management involves removing heat from the thermal component and storing the
heat in another element of the heat storing temperature management system, such as a heat sink.
Another method is a heat exhausting temperature management system. Heat exhausting
temperature management involves removing heat from the thermal component and transferring
the heat to the environment outside the heat exhausting temperature management system. The

heat may be transferred to the drill string or to the drilling fluid inside or outside the drill string.



SUMMARY [0008a]In a first aspect of the invention, there is provided a downhole tool, comprising: a
body; a temperature sensitive component housed within the body; a cold plate thermally coupled to the
temperature sensitive component; and a metal hydride selectively thermally coupled to the cold plate
and thermally coupled to a body of the dowrfiplg R $2008b]In a second aspect of the invention,
there is provided a downhole tool, comprising: a body; a temperature sensitive component housed

within[f8@%addy; Ta eofirsplasecticofidiy invension tehare emerdedre donathole dorpepRaRE B¥otplate
theini%&k\ﬁﬁ%@&%}é&&% caldiplrte. ARd:R narRQeIeRiinahepRUS i Lo iRm:thrrmally conpied to the

hot plate ‘and to the body of the downhole tool, wherein the thermo-electrical converter system

comptisés tiwopesibeasesiizetronweraeniies njotdSufiride salertsplachermd yremamieh (aibfe is
pro"id&?&?pﬂ%ﬂhﬂ&%ﬂ?%ﬁﬂém:%Qgﬁﬁﬁgm&oﬁnsmve component housed within the

body; a cooling mixture chamber thermally toupled to the temﬁ%erature sensitive component; a first
coolin§efhponéna carmbesfiertiivhile dovpitanothsesde GAY feikeufe CRAMDH & AnePEYNISAENG a first

compgpant ﬂ&@g%&ﬂ&%&%ﬁ% %@Qﬁoﬁsﬁpﬂ&ge@mﬁpm%% i@gg@) etclvidicallyscaupird to the

cooling mixture chamber and containing a second component o |n%énnixture, wherein the first
Hsnophdeplatixatctdgether

and sécohrl sompatEntseosithe: cswhpRaRktartaUae Abcenabierameddac
withinfhe coaling mixtuse champeskBRIERREy CRIFIIQN R i HiRRAMINGSEJ0RR9150RR more

detailed description of the embodiments, referénce will now be made to the following accompanying
drawidggnhole tool, wherein the thermo-electrical converter system comprises two membrane

electrode assemblies.

[0008c] In a third aspect of the invention, there is provided a downhole tool, comprising: a
body; a temperature sensitive component housed within the body; a cooling mixture chamber
thermally coupled to the temperature sensitive component; a first cooling component chamber
fluidically coupled to the cooling mixture chamber and containing a first component of a cooling
mixture; and a second cooling component chamber fluidically coupled to the cooling mixture
chamber and containing a second component of the cooling mixture, wherein the first and second
components of the cooling mixture cause an endothermic reaction when mixed together within

the cooling mixture chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] For a more detailed description of the embodiments, reference will now be made to the
following accompanying drawings:
6010} FIG. 1 is a schematic representation of a drilling system including a downhole tool

with a temperature management system according to the principles disclosed herein;
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00101FIG. 1 is a schematic representation of a drilling system including a downhole tool with a
temperature management system according to the principles disclosed herein; WO
2010/129262PCT/US2010/032537 [0011] FIGS. 2A and 2B illustrate a temperature management
system accor@ig i &7st embodiment; 100121 FIGS. 3A and 3B illustraf& H &I #e
management system according to a second embodiment; [0013] FIG. 4A illustrates a temperature

managen&Htldy KK a éoithg Fo BUHRE éniBUaRIERE TRTEAYIRTGS. MU SaHENg dormaflent of the
temperatgrghadanagement system shown in FIG. 4A; and [0015] FIG. 5 illustrates a cold plate

acoording fgne ALRCLS STPAdmens. (00ACLEIR: S lksyates 3 mperate managemgnt system
embodinent;
[0013] FIG. 4A illustrates a temperature management system according to a third
embodiment;
[0014] FIG. 4B illustrates a component of the temperature management system shown in FIG.
4A; and
[0015] FIG. 5 illustrates a cold plate according to one or more embodiments.

[0016] FIG. 6 illustrates a temperature management system according to a fourth embodiment.

DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS

[0017] The present disclosure relates to a thermal component temperature management
system and includes embodiments of different forms. The drawings and the description below
disclose specific embodiments with the understanding that the embodiments are to be
considered an exemplification of the principles of the invention, and are not intended to limit
the invention to that illustrated and described. Further, it is to be fully recognized that the
different teachings of the embodiments discussed below may be employed separately or in
any suitable combination to produce desired results. The term “couple,” “couples,” or
“thermally coupled” as used herein is intended to mean either an indirect or a direct
connection, Thus, if a first device couples to a second device, that connection may be through
a direct connection; e.g., by conduction through one or more devices, or through an indirect
connection; e.g., by convection or radiation. The term “temperature management” as used
herein is intended to mean the overall management of temperature, including maintaining,
increasing, or decreasing temperature and is not meant to be limited to only decreasing
temperature.

[0018] Reterring now to FIG. 1, a drilling system 140 including one or more downhole
tools 135 having a temperature management system according to the principles disclosed
herein is depicted. Drilling system 140 further includes a drill string 105 suspended from a rig
110 into a wellbore 115, Drill string 105 includes a drill pipe 125 that may be made up of a
plurality of sections and to which a BHA 120 is coupled. BHA 120 includes a drill bit 130
and may include other components, such as but not limited to a drill sub, a motor, steering
assembly, and drill collars. During drilling, drilling fluid, or “drilling mud,” is circulated

down through drill string 105 fo lubricate and cool drill bit 130 as well as to provide a vehicle
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DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS [0017] The present disclosure
relates to a thermal component temperature management system and includes embodiments of
different forms. The drawings and the description below disclose specific embodiments with the
understandin)tﬁ(HPﬂ?gzé%bodiments are to be considered an exemplific&’f%ﬂ%ﬁﬁ@“ﬁ?ﬁ?&iples of the
invention, and are not intended to limit the invention to that illustrated and described. Further, it is to be
fully recodtiizenaraiahdrilfaienetdiuningitsrent éntbisaimding drdtbEs&P pdiedritiag Beidmployed
Siparattﬁlﬁe@m@ Fgﬂﬁﬁ@?&@ﬂé@i@ﬁ%ﬁ%ﬂ@ﬂ%@%ﬁﬂﬁﬂ sr@mgltﬂd)smﬂ teémaéﬁémpje," "COUDIes,'r'lor
"therma " as us erein is intended tqQ meap either an indirect or a direct connection, Thus,
if a first d@%%%ﬂ:iﬁﬁ%g ?giegoésél@slﬁtd Ia%(}if ﬁh%?%"(g’rl]afﬁeé{;rf nOH%%fyﬂb’g)ﬂ%i?B%daW@%P fiektion: e.g.,
by condutiidmty dughositeardnvdrbidevieds soidhreugindaeliddinect dgnmeetifogteng. playi@onvection or

radiaton. The Jerm. tempeiaiie menasement, ap.used hereln s nieried g mean e averall

management of temiperature, including maintaming, Increasing, or decreasing temperature and is not

meant to denpirsbiovortlinte eptladingitenmethaeni@odsiReferring now to FIG. |, a drilling system

140 '”C'9%690?”%&?@@@@0&?{&Q@?at%k?&%ﬂé%ﬁhgﬁ&%ﬁmg@é&@(m@&%35‘&%%%&’%8%3000@'“9
ic

to the principles disclosed herein is depicted. Drilling system 140 further includes a drill string 105

suspenddduiEHed d5er18naLdca asiIsBrRoS ey T SHRfsELes invIsiiNe LemnyipEs1293hatmay be
made up @baaturaliy,Riiseclienr IMdoovhichhamBhl Ad g0 it couplady B dachidesaidrill bit 130

and may jnclude o?t}%er components, such as but not limited to a drill sub, a motor, steering assembly,
and drill dBIEFE™B n@‘gﬁl|ﬁ1ﬂ§%ﬁﬂﬂn§§’ﬁufa? r SRy SHREGS S UR RS SH A B A AN string 105
to lubricatéeaumid:toalmpittbittd 30has el @stsoirovide dydabialeBo¥Vidy thermally conductive
2010/12926?@% Tég%203130{1931215%17 tﬂ{ r?&og%{tgg dgi!}lg% 1ttiangs1 from v¥el£l6gre 11]5). Q{tepggiéing drill bit
130, the g?ﬁlng did returns 1o the ‘stirface roug‘ﬁ an annulus 195 Between ati gtrllr%’l and
wellbore ¢dEI$60t0fha thislepiise ditenbreigll 10ristasmbibased. throtighr bmetimentdydownhole tools
135 may he.pRsiigued 'M&%,%ﬂ?&@,%%%ﬁﬂé{%ﬁﬂm rig on a floating platform. Furthermore,

in a dri

downhole tools 135 need not bé disposed i II'string, but may also be suspended by wireline,

coiled tudifiy 1br cihérsRvindeddvse tipoddnitir RS, Dmeksidaisids tentperafire ifmeisgsshent system
200 for a gemnngledgabisidusiied pecording iaRng Brehediment lenupa RiurR Sensitive:

components 205 are thermally coup%ed to a cald plate 201. Common temperature sensitive
componeftS 358 HERTK ARV AR (S0 QeH bR, nstgetidngnectsrisingtbtocessors,
and othergelgsirizabcomppneniishidiesenlgalatet2Q] ey hrfonned ol anjethesaaleendective
material, su 1_?{1) as ?Jl.{ﬂ'gili]l{gg a'll'g lempera urﬁ%_1 eQsigi e ﬁcimﬁ)QnentshZ%5 may bs thermally coupled to
the cold ppé e 551 roug]h élrec contact, or’ roug 8rma ?/%aglnn Ctivesh eaﬁ"il‘néyoﬁté?ng f ponents,
such as, tdsakarapizdthesm et dydooes tanobe mausdredttfropetite eoliffiate 20ipaametal hydride

containera%&%éés%lgscﬂy%mﬁpgwo@&%ﬁgsﬁadagr%ﬁlgﬁ%a Oé%ﬁﬂgggaa,e%iﬁwf%%%mige the metal

hydride container 210 may be packed as a pow unde ‘ gen, a gel with hydrogen
infusing tReHEIBRICRPFRIBORIA PyeRagenheruatingasebimicialivierailAbigioes! dxdidbly store
hydrogen;inheirsnetalinytican Meladay eridasconbwititeseleasing fydeagen and warm while

absorbini hydrogen. Metal hydrides can be engineered to operate at different temperatures and
pressure %é%d‘r%ﬁ%%ﬁw86&%5&&%%%&%8&&&%%&@&%%@&?%&%5%1}&@@%@:é’eﬁmibrium
temperatuteAnd giessuile b exayopieeata cammarcindtavailahie Rataihydsidsdshty B30R(r) alloy
available frgm Ergenics, Inc. of Ringwood, New Jersey. 100 At a pressure or femperature lower
than an e%nl%li%%%ngrplﬁéeégﬁ?et%? tce%%g%g{:u %gfthés rﬁ%?é%rh% \A/?If‘algftggo ﬂ%lroodtewggoﬁ%bt from the
temperatabsoseab ity eheomypanients @8 5vih deteass faphedantodiyel 6didhplateL01 hes. sharigin FIG. 2A.
Each gram, of 0 t t ' il release, approximately 16,000.joules of
meat DU e e e A e o
plate 201thyaaseptin g8 sinarmfhstheevhatbaniedomeiihen Weksthia teredritem peretdredisoreached, or

when opeyatipnalinsomyenientdissmatabiyeride containare19is thermally,decaupissfrm the cold

plate 201, as shown in FIG. 2B. The metal hydride container 210 may be pushed away from the cold

plate by, f87 &Xsmmte 200istsrsiese A fids hgﬁ‘%H%?Fﬂathajél@di?ﬁféﬁl?Ftﬁﬁotﬁ’éaﬁ&E prabe01, the
metal hydridg cantainecadGistthernalyeeyled inseheatexhaustiomempenant 829uphich is able to

h from. th ratur . .
exnaust &%at‘ﬁ’? %{}[8 plgtee ism%ﬁea]%jet%i hydride container 210 is thermally coupled to a heat

exhaustion component 220, which is able to exhaust heat away from the temperature
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WO 2010/129262PCT/US2010/032537 management system 200. The exhaustion component 220
may be thermally coupled to the tool body of the downhole tool, which then dissipates heat into fluid
flowing through the downhole tool or into fluid in the annulus of the wellb Je thermally
coupled to 'EW%) AU & Austion component 220, the metal hydride will dé%éc?r]t‘)g%%?j%éé\egryas it cools
down, thus recharging the heat exhaustion component 220's abilify to absorb he té&fter cooling, the
metal hyBHBRSEHREREEDE G May t s Busign SomereRi e B ipte Lo tse a]-:e 69 Bepeat the
heating ansl Geeling exeledvwytiogemmayioe ahaatbepandidesarethidy fhevingtdrbygrides over a

virtually ynlimited number of cycles, which. allows for the downhole tool to be used for extended time
periods i Ofﬁr@’\ﬁ&%%f]? tﬁ@ﬂ:‘%f?nl%n&ee Eemrﬁ%lél i(r)n}l\ém,v%ﬁﬁe mé&tal hydride container 210 includes a eutectic

material filB3b r&vhite thrensdierityiédemperhtateswingsw orinpotrat 24t beandaddolihgleycle.
Eutectic piaralis;an lloy aYing. SMRORSHCOMARS RN deSigned.aACYs A dagrpd meling

point for the material, desired melting point takes advantage of latent heat of fusion to absorb

" energy. Ishibn teealderthBeshetdirnpedipsdihy trsamirdrias Semaneingds pradberdin 88H# into liquid.
Thus, when {0 i3k Ghangesiisiysioalstas. i ahsnhmenawyoithoeiashanasdamthe

temperature of the material, Therefore, additional heat will only change the phase of the material, not

its tempePaRURS, 2hecried Ao/ ARAERSGPINE TR INELE IR TLRTSH A R SRS L TATE MaPTREY Have a
melting pgisthelowthedesired maidtenandte ieshperaduse-of ieciampedatiuie pensitivie abeponent
205. [0025{ In FIGS. 3A and 3B, a temperature management system 300 is illustrated according to
one emb3§ Pﬁ%ﬁt. The temperature management system 300 shown in FIGS. 3A and 3B uses a
pressure[pigign 31046 eahtdihtée,dlsongticngdfidky drogerehyl hethbschridesct Batanighléffectively
controls the rate of heat ahsorption. ' | ipside.a container
330to alﬁgﬁe 6}08%13351? e r?cg n?roﬁe% tf;%l %ﬁg%ég %@f@f@ %}G/% Eﬁleg%%z%%r%dp%id one'ﬁgé%ﬁr% pressure
piston 31atesiy! e acaliaeaforsexampheneingriyesitoticipriessdre oeldpetackspelvee s pressure

lower tha, an eaUibHUBAICTsYE.dhemeiahbysidan 3l 5 anaik ydiaenandahserbeat. The

metal hydrides 315 are thermally coupled to the cold plate 201 by a circulation system that includes

conduit 3656brrearaNgLa KR RAT HURe REEsBseRShY I8 UAirh IR s Whth Tives 306a
and 306h,a1e RReR@RNY Thed uhe IR iseativesdhemetshiveides3t anmihermalycauped to the
cold plate 201, as shown in FIG. 3A, When valyes 306a and,306b are closed and the pump 307 is
inactive, &R IBES Fag af; rﬁ’l%%ff{}%eig?fﬁl@?t&?gg‘%ﬁgﬁbﬁ%ﬁé” ’goﬁl?lgsdéﬁl eﬁﬁr’?ﬁ) FIG. 3B.
The WOpkad04T 20262RET dS2i 24082 58 7ep Umpid0ri mala peofdneldenpleatop dsitive thisplacement
pump, but may also he any qther suitable pump. ! remoy. m | ure
sensitive eéléeng;%(bﬁg% %aéb’é%/yp?%%‘ées& re gt ﬁnag()}g%e%gll%%ﬁg%é%g%% |lsaﬁrle€%j%%cgéqa}1§%%%8 ?:[)%Er;n% 307
circulatesampendekdrigrititice TorpmeduA0305 may run through channels or holes 501 formed in the cold

plate 20160%%{1 a5 $hewnsin EiGs B, 1emuseilicanivthansiciiaaidethameirnddides:315, the

conduit 305 may include a heat exchanger section 320, which may he, for example, a helical coil. The

temperattr Wt FROAERAT Y dRe dAPEE s R TS SO RAR ARy Rl Uiy prediéirdPon the metal
hydrides 33 tp helpureainiain ansubstantiallirorsianticaolndydigehHtherbytiogeiads sompletely

exhausted from the metal hydrides 315, temperature will begin to increase in the metal hydrides 315
ot oy OB A A FRs BB AR UE LT e Pochides 51 e oGt Rathed

inside a sealed container 330 to allow for pressure control of the metal hydrides 315 by the
pressure piston 310. The pressure piston 310 may be actuated, for example, using hydraulic
pressure or electrical power. At a pressure lower than an equilibrium pressure, the metal
hydrides 315 desorb hydrogen and absorb heat. The metal hydrides 315 are thermally coupled
to the cold plate 201 by a circulation system that includes conduit 305 containing a working
fluid, valves 306a and 306b, and a pump 307. When valves 306a and 306b are open and the
pump 307 is active, the metal hydrides 315 are thermally coupled to the cold plate 201, as
shown in FIG. 3A. When valves 306a and 306b are closed and the pump 307 is inactive, the
metal hydrides 315 are thermally decoupled to the cold plate 201, as shown in FIG. 3B. The



[0027] During the recharge cycle, the valves 306a and 306b are closed and the pump 307 is inactive
to thermally decouple the metal hydrides 315 from the cold plate 201. In the recharge cycle, the
pressure piston 310 increases the pressure of the hydrogen inside the sealed container 330, which
causes the MEtAPHYHIHs 215 to reabsorb hydrogen and release heat. THetHERPH42HY exhausted to
the wellbore through the togl body or any other thermal coupling. After exhausting heat, the circulation
of the woPHE AUI0TH)PHe FEFEHBN G gy Fedispi hetH daP R Aracd s te e el to start
absorbingdieatdamghe temperature sensitive components 205 again. 100281 In FIG. 4A, a
temperaﬂéﬁ@an?ge_ment sgstﬂa 400 is illustrated according to one em élémerjt. The temperature
managemert system 200 SHEWN TR EIES AR BEEL A ERRDS SR EEhvEne PIFEES 8sthn 401 to
remove heatafrbmitidescdld platel@@d. aflieFEEGsy tehe40dl dssiawncikigeedtéd dBtaikim®IE. 4B. The
TEC syst 01 | um t lonizabl s, sych as hydragen, oxygen, or sodium, and
electrical %%r%%]{ é@%@%@%@ﬁ %@?ﬁﬁoﬁz‘@ﬁ g %('(f ?r?g?%%?elr? #\1/3& Q?In%eﬁ#g#g éfgé}rlg gl ’lgs\gne Mblies (MEA)
405 and 406 ate Trovideelicippsirgedeidbest theliPEorey Sweinide 13 Wihdn asélectifaboharge is

applied, theMRAS AQP and4QRPueRthejanizakle gas ina ?&U@E{ﬁé%&k\é"‘ﬁaﬂﬁﬁ%ﬂﬁf‘fﬂ@e TEC

system 401 shown in FIG. 4B'is disclosed in U.S. Patent No. 7,160,639 and commercially available
from JohrEBREANEL BMBE M AvdydesAES may be mpininecomstando 2ol mHasrEessys e 401 is

thermallyseupintipiadetpkhie kg nwhiehis iiermalingoupieddetha selt Piaten2@hdhiniah a
circulation s?/steg]t%imﬂ%r to %e c_:irc:l#iationtﬁﬁ/ tem shO\i\/n in FIQS. 3A and 3B. Valves 306a and 306b
are optionalBERAEE a8 E s@%]fé Y4Bt iyfhgi%ipé AP ESHHATRONEN AP ERriE BT is

continuoublynpralideidids dpeatiarheadontihedenipes akiteaentitivatbampanapts 205 is

transferr e cold plate 201 to the 6 WO 20Q10/12 CT/US2010/032537 working fluid in
conduit ??@gé?ﬂet@vlg? ﬁ%l i ?Fﬁs%ﬁg’ that hea %5 %b p §&%Eﬁb@t#Pgﬁ%% teﬁﬁggltngx%ﬁaiﬁger 320.
The TEC iggsiiemiadtuhelyaldsaupts teartetdneltiiesdé fdorm throwdshithes 2l o dyeoeddiirge intervening
parts. [003Q4dn LG, 8s AAEMBRIABHE MANAAEMGNLIYSIRD &Oﬁlésli&%lig(@%he%ﬁ%o{ﬂé”geé e§"ne

embodiment. The temperature management system 600 shown In uses an endothermic

reaction tePPEHiSYE Hoat tiehhrimesmititydndnidedemporenesbytsb hdvnsyeondanleasinhsebled areas
620. The endathenmi¢ RAstiRmiakes PiRceWithin areiingNidire shamnbes SOk withighgat plate 201.

Components of the cooling mixture are stored within component chambers 610, 611. A piston or auger
605, 606 %%H#?Bk ?ﬁie%ﬂ]ﬁ?ét& & Bunporiarebefiaecteiinpe g retobeassintisdatding mixture
chamber fi@dsukontigqihic memiphydhis; aipistatndadydemoressibiapbed R Solidcamnpepants, such as
powder oge%rsyé‘t!%lgﬁ an auger,may 5)1% substituted. As the cooling mixture chamber 601 fills and the
cooling mixture containe erein%/va'rms, the cooling mixture may be purged from the end opposite the
compone{itigihmiverd(6 1064 16 TRE31Y anfmag ool iny weixtdfEsimiiy atod edcdnionrete mizodiment,
water is RPMSIEA I CHMPRASIE AOAMBELOM ARd b opegumpLe Qlinedaligwing
substances as the other component contained in component chamber 611: ammonium nitrate, sodium

acetate, Sfitiisrhreaterisp (LR v amatd] Hydrenevealerinireml dhielspkbilatn Mode, Bodium
bromide, spagnerivm shiords, aredigulisic ﬁm@m@ﬁﬂﬁ@i@%@%@%ﬂﬁ@%ﬂ%&@%&%‘@ﬂ& portions of

water and the other component may be controlled by the pistons or augers 605, 606 according to

predeterMiiePPROL B SIEBIRYHBEF Pty it tiniofiitith #ith Atechisy BEreaiBi Rk WieRlo4 parts of
water. In onthee exdnmplhe36iRartsod calgibramshinsitednaybe siem pivied yiths 190 pads.af water. It
should be appreciated that the coqli ixtures disclosed herein are intepnded as examples of cooling
mixtures ﬂ%gp}r?n%?y%gpﬁ’gsela & (gsm ijiﬁ‘gt@ﬁ%ﬁt?ﬁéﬂ&ﬁwﬁ%% %ﬁ&ﬁ]&@%?ﬁéﬁﬁ &y ARic80690032]
Power foiMbe slé0ninald @6 puanditiee dhieshiakpsanagementbyktemsdiiscioaetieerBin spayrbe supplied
by a turbi high is i t iling, fluid through the drill string. .The turbine
alternatormpilg’)l}]i%{;(‘a/r}g%‘ptI:t:(la‘ﬁé é)%ll f §re§i%§l§%rg r)‘{r]illxe'g('j f%/{v%%/p&é) . Z}}Jéﬁ%%g’péffﬁg a é‘?ﬁg?(o%vr%%g)ll)lge driven by
a positivel@isplalerieRicrisiicghivmenbyiensilisgofifidasachemzaMoineau-type motor. It is
understoqgbtint ofhermawelaURRIiRsiSHERan PABERISS & PAWERIRMdheFUURGE uilgy.Aipo be used.

In one embodiment, electrical power is provided by the drill string from an electrical source on the
surface. coupled to the cold plate 201 through a circulation system similar to the circulation system

shown in FIGS. 3A and 3B. Valves 306a and 306b are optional because the TEC system 401
may be operated continuously if electrical power is continuously provided. In operation, heat

from the temperature sensitive components 205 is transferred from the cold plate 201 to the
6



[0033] The temperature management system removes enough heat to maintain the temperature
sensitive component at or below its rated temperature, which may be; e.g., no WO
20101129262PCT/US2010/032537 more than 125C. For example, the te)m%eratur%gg%qagement
system may‘%’a%?&%ﬁgfr?% temperature sensitive components 205 at or bélgqugg](g oreven at or
below 80C. Typically, the lower the temperature, the longer tl;ée life of the temperature sensitive
componeH b%f?wééﬁw w&?@?eﬁﬁ&’@}gmwmaﬁ%aam& . fm%argaé%‘%%?@ ature of the

temperatdre Isansiitieneni20nEhisTIID shsorbihghbe akfroptdtkie: tenxperaitirecibositiveegimponents

205 thus &fét{an the u%?ﬁgll_ M{% Ogﬁtﬁ}e tea{ggerature sensitive components 205 at a given environment
temperature. _ While specllﬁc erfbodiments have been shown and described, modifications can

be made 1993dhe ékiﬂé@_.iﬁ,thetmpwﬁtm@wd@pgmwgtfmmheéép@ﬁﬁ a’ihmmbdn@gﬁdﬁginv@nﬁon: The
embomm&%&&&%%@%&%@aﬁﬁ% %BJ%%%BBM Anl AreodinimiingrMapy,dRnAtionsAad,fpodifications
are possible and are within the scope of the invention. Accordingly, the scope of protection is not
limited tot@aetiem b diments kfakdipadihstnilp igphitirie suyrereriaimettshe TeloseR@dEdpe of which

shall inclydsiall genivaientsotHaesubiectatiar /khefladmahW® cooling mixture chamber

2010/129262PCT/US2010/032.537 CLAIMS ) . o
601 within heat plate 201. Components of the cooling mixture are stored within component

chambers 610, 611. A piston or auger 605, 606 controls the volume of each component of the
cooling mixtare forced into the cooling mixture chamber 601. For liquid components, a
piston may be more suitable. For solid components, such as powder or crystals, an auger may
be substituted, As the cooling mixture chamber 601 fills and the cooling mixture contained
therein warms, the cooling mixture may be purged from the end opposite the component
chambers 610, 611.
[0631] Various cooling mixtures may be used. In one embodiment, water is provided in
component chamber 610 and combined with one or more of the following substances as the
other component contained in component chamber 611: ammonium nitrate, sodium acetate,
sodium nitrate, sodium thiosulfate, hydrous calcium chloride, sodium chloride, sodium
‘bromide, magnesium chloride, and sulfuric acid. To optimize cooling efficiency, the relative
- portions of water and the other component may be controlled by the pistons or augers 605,
606 according to predetermined ratios. For example, 100 parts of ammonium nitrate may be
combined with 94 parts of water. In another example, 36 parts of calcium chloride may be
combined with 100 parts of water. It should be appreciated that the cooling mixtures
disclosed herein are intended as examples of cooling mixtures that may be used in
combination with the temperature management systemn 600,
[6032] Power for the downhole fool and the thermal management systems disclosed herein
may be supplied by a turbine alternator, which is driven by the drilling fluid pumped through
the drill string. The turbine alternator may be of the axial, radial, or mixed flow type.
Alternatively, the alternator may be driven by a positive displacement motor driven by the
drilling fluid, such as a Moineau-type motor. It is understood that other power supplies, such
as batteries or power from the surface, may also be used. In one embodiment, electrical
power is provided by the drill string from an electrical source on the surface.
[0033] The temperature management system removes enough heat to maintain the

temperature sensitive component at or below its rated temperature, which may be; e.g., no
7



WHAT IS CLAIMED IS 1. A downhole tool, comprising: a body; a temperature sensitive component
housed within the body; a cold plate thermally coupled to the temperature sensitive component; and a
metal hydride selectively thermally coupled to the cold plate and thermaléy (MFBI ody of the
downhole todf’ 2Q?‘Qiﬂr1232§%)wnhole tool of claim 1, wherein the metal hydri gIS orgrghqe/é?za%g powder and

disposed withig}a Iéwgride contﬁin%rfcontainin hydro%en. 3. The downhole too] of claim 2,
wherein (REFnAIER nothice KOn(ETRGP I 1B EPRTER o lIBRIF o515l S5 AREuRBIERB: iy couplec
to the botynpbtiterd ssemditiie toohpdndite 2tivah ole telhof IG5 Jyrfunteratom fresivg &0&dtectic
material i 185?13? Within,ihe r%%t%le@{yg(%&q%ecoﬁ%l?&é%e?'tgp%igeo%f] hcﬁée ttc%%&%&'%%%sf%her
comprising-a piston to move the metal hydride container relative to the cold plate.

‘components 205, _

[0034] Thus, the temperature management system manages the temperature of the

temperature sensitive components 205. Absorbing heat from the temperature sensitive

components 205 thus extends the useful life of the temperature sensitive components 205 at a

given environment temperature.

[0035] While specific embodiments have been shown and described, modifications can be

made by one skilled in the art without departing from the spirit or teaching of this invention. The

embodiments as described are exemplary only and are not Hmiting. Many variations and

modifications are possible and are within the scope of the invention. Accordingly, the scope of

protection is not limited to the embodiments described, but is only limited by the claims that

follow, the scope of which shall include all equivalents of the subject matter of the claims.



6. The downhole tool of claim 5, further comprising a spring biasing the metal hydride container
towards the cold plate. 7. The downhote tool of claim 1, wherein the metal hydride is disposed within a
sealed container. 8. The downhole tool of claim 7, wherein the metal hydyjde,| vely
thermocouﬁ?’e%ztoc}e(ﬂég%%ﬁd plate by a circulation system comprising a co?%%%@&%%fluid, and a
pump. 9. The downhole tool of claim 8, whereip thﬁgﬁzculaﬂon system further comprises at least two
valves, and wherein closing the valves and d g the pump thermally decouples the metal
hydride fromatnesocoidaphatay VO 2010/129262PCT/US2010/032537 10. The downhole tool of claim 9,

wherein tlhe se%e&}‘%%ﬂtf\inerico%ises,a piston disposed therein, and wherein actuation of the piston

varies the pressure on ﬂweeton%)ét% dride. 11. The downhole tool of claim 10, wherein the piston

“increases pressuredpn the metal hydride when the metal hydride is thermally decoupled from the cold

plate and decreps %‘?ﬁ%%%s‘?t‘i\z%rﬂ})%@n‘%gﬁ&ﬁ when ﬁ;gq)gac?,}al hydride is thermally coupled to the
' body;

cold plate. 12. A downhole tool, comprising: a .
a cold plate thermally coupled fo the temperature sensitive component; and

a meta) hydride selectively thermally coupled to the cold plate and thermally coupled to
a body of the downhole tool.

2. The downhole tool of claim 1, wherein the metal hydride is formed as a powder and

disposed within a metal hydride container containing hydrogen.

3. The downhole tool of claim 2, wherein the metal hydride container is not thermally

coupled to the cold plate when thermally coupled to the body of the downhole tool.

4, The downhole tool of claim 3, further comprising a eutectic material disposed within the

metal hydride container.

5. The downhole tool of claim 3, further comprising a piston to move the metal hydride

container relative to the cold plate.

6. The downhole tool of claim 5, further comprising a spring biasing the metal hydride

container towards the cold plate.

7. The downhole tool of claim 1, wherein the metal hydride is disposed within a sealed
container.
8. The downbote tool of claim 7, wherein the metal hydride is selectively thermocoupled to

the cold plate by a circulation system comprising a conduit, a working fluid, and a pump.

9. The downhole tool of claim 8, wherein the circulation system further comprises at least
two valves, and wherein closing the valves and deactivating the pump thermally decouples the

metal hydride from the cold plate.



a temperature sensitive component housed within the body; a cold plate thermally coupled to the
temperature sensitive component; a hot plate then-nally coupled to the cold plate; and
thermo-electrical converter system thermally coupled to the hot plate and to the body of the downhole
tool, whereif eS8 %lectrical converter system comprises two membfaHE AU B assemblies.
13. The downhole tool of claim 12, wherein the cold plate and the hot plate are thermally coupled by a

circulation Systehicomptielngre! ek % WhsriindghruerlechepaiaitphpempaisesHendswrHeestsol of claim
13, whereia:the ehiuindion systein bTiRehramRPHSesI jeasting vialvesaandivaerein closing the
valves and deactivating the pump thermally decouples the hot plate from the cold plate. 15. A
downhole tool, comprising: a body; a temperature sensitive component housed within the body; a
cooling mixture Thariivenltblermallyicdupte ditowhertemperpiure fensitieptamponantie metal

hydride when the metal hydride is thermally decoupled from the cold plate and decreases
pressure on the metal hydride when the metal hydride is thermally coupled to the cold plate.

12, A downhole tool, comprising:
a body;
a temperature sensitive component housed within the body,
a cold plate thermally coupled fo the temperature sensitive-component;
a hot plate thermally coupled to the cold plate; and
a thermo-¢lectrical converter system thermally coupled to the hot plate and to the body
of the downhole tool, wherein the thermo-electricel converter system comprises

two membrane electrode assemblies.

13, The downhole tool of claim 12, wherein the cold plate and the hot plate are thermally

coupled by a circulation system comprising a conduit, a working fluid, and a pump.

14, The downhole tool of claim 13, wherein the circulation system further comprises at least
two valves, and wherein closing the valves and deactivating the pump thermally decouples the

hot plate from the cold plate.

15. A downhole tool, comprising:

& body;

a temperature sensitive component housed within the body;

a cooling mixture chamber thermally coupled to the temperature sensitive component;

& first cooling component chamber fluidically coupled to the cooling mixture chamber
and containing a first component of a cooling mixture; and

a second cooling component chamber fluidically coupled to the cooling mixture
chamber and containing a second component of the cooling mixture,

wherein the first and second components of the cooling mixture cause an endothermic

reaction when mixed together within the cooling mixture chamber.

16



a first cooling component chamber fluidic,ally coupled to the cooling mixture chamber and containing a
first component of a cooling mixture; and a second cooling component chamber fluidically coupled to
the cooling mixture chamber and containing a second component of the cooling mixture, wherein the
first and sec‘gﬁf%lgfﬁga%nts of the cooling mixture cause an endothermicréa %ﬂ’%ﬁséﬁ mixed
together within the cooling mixture chamber. WO 2010/129262PCT/US2010/032537 16. The
downholé ool of WAl IEIGA%etSfPHE daolG AR eoCHARBRTE fMAOE RIS R Ate to which
the tempecsidietsensiiive o mpeBei-sthsivalyeaiteled tHefmiiedopahole tool of claim 16, wherein
the cooling mixture chamber comprises a purge that removes the mixture of the first and second
components of the cooling mixture from the cooling mixture chamber. 18. The downhole tool of claim
17, wheréih the Thstlanulzée ot datajpo hénihatih hcooding mixture chrentriroclupaskit itlye cooling

mixture C!ﬁ%ﬂ%%@éé %éq%&tt&g%f’ Ih% B{%{%%@ Q&&% ac&%%ro'nents of the cooling mixture from the

cooling mixture chamber.

18.  The downhole tool of claim 17, wherein the first and second components of the cooling

mixture are introduced mnto the cooling mixture chamber by at least one of a piston and an auger.
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