THERVAL COVPONENT TEMPERATURE MANAGEMENT SYSTEM AND METHOD STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [ 0001] Not
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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] Downbhole tools must be able to operate near the surface of the earth as well as many
hundreds of meters below the surface. Environmental temperatures tend to increase with
depth during the drilling of the well. As the depth increases, the tools are subjected to a
severe operating environment. For example, downhole temperatures are generally high and
may even exceed 200°C. In addition, pressurcs may exceed 138 MPa. There is also vibration
and shock stress associated with operating in the downhole environment, particularly during
drilling operations.

[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 typically remain in the downhole
environment for periods of several weeks. In other downhole applications, drill string
electronics 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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[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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more detailed description of the embodiments, reference will now be made to the
following accompanying drawings:
[0010] 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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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] Referring 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 to lubricate and cool drill bit 130 as well as to provide a vehicle
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pl at e 01 The metal hydride inside the nmetal hydride container
hydrogen in their metal lattice. Metal hydrides cool while releasing hydrogen and warm while
absorbing hydrogen. Metal hydrides can be engineered to operate at different temperatures
and pressures by modifying alloy composition and production techniques, which adjusts the
equilibrium temperature and pressure. An example of a commercially available metal hydride
is HY-STOR® alloy available from Ergenics, Inc. of Ringwood, New Jersey.
[0022] At a pressure or temperature lower than an equilibrium pressure or temperature, the
metal hydride will absorb hydrogen as heat from the temperature sensitive components 205
and transfer heat to the cold plate 201, as shown in FIG. 2A. Each gram of hydrogen
absorbed by the metal hydrides will release approximately 16,000 joules of heat. During a
heat absorption phase, the metal hydride container 210 may be held against the cold plate 201
by a spring 225 or any other mechanical means. When a certain temperature is reached, or
when operationally convenient, the metal hydride container 210 is thermally decoupled from
the cold plate 201, as shown in FIG. 2B. The metal hydride container 210 may be pushed
away from the cold plate by, for example, a piston 230. At least when thermally decoupled
from the cold plate 201, the metal 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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temperature sensitive component 205.

[0025] In FIGS. 3A and 3B, a temperature management system 300 is illustrated according
to one embodiment. The temperature management system 300 shown in FIGS. 3A and 3B
uses a pressure piston 310 to control the absorption of hydrogen by metal hydrides 315,
which effectively controls the rate of heat absorption. The metal hydrides 315 are contained
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 3006b 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
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sensitive components 205 again.

[0028] In FIG. 4A, a temperature management system 400 is illustrated according to one
embodiment. The temperature management system 400 shown in FIG. 4A uses a thermo-
electrical converter (TEC) system 401 to remove heat from the cold plate 201. The TEC
system 401 is shown in greater detail in FIG. 4B. The TEC system 401 is a heat pump that
uses ionizable gas, such as hydrogen, oxygen, or sodium, and electrical current to move heat
from one end to the other. Two membrane electrode assemblies (MEA) 405 and 406 are
provided at opposing ends of the TEC system 401. When an electrical charge is applied, the
MEAs 405 and 406 pump the ionizable gas in a counterclockwise direction. The TEC system
401 shown in FIG. 4B is disclosed in U.S. Patent No. 7,160,639 and commercially available
from Johnson ElectroMechanical Systems, Inc. of Atlanta, Georgia.

[0029] The TEC system 401 is thermally coupled to a hot plate 402, which is thermally
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
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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 system 600.

[0032] Power for the downhole tool 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
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the tool body or other intervening parts. [0030] In FIG 6, a tenperature
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herein may be supplied by a turbine alternator, which is driven by the

drilling fluid punped through the drill string. The turbine alternator may
be of the axial, radial, or mxed flowtype. Alternatively, the alternator
may be driven by a positive displacenent notor driven by the drilling

fluid, such as a Mineau-type notor. It is understood that other power
supplies, such



as batteries or power fromthe surface, may al so be used. In one
enbodi nent, electrical power is provided by the drill string from an
el ectri cavoowrreesn the surface. [0033] The tenperat ur eCrsagQeNBIFB7 Syst em
removes enough heat to maintain the tenperature sensitive conponent at or
below its rated tenperature, whi ché’@ lﬁs; e.g., nonore than 125C. For
exanpl e, the tenperature nanagenent é% m may nai ntain the tenperature
sensi t IWHASOISpOInEMEDA85 at or bel ow 135C, or even at or bel ow 8Q0C.
Typically, the lower the tenperature, the longer the life of the
terrperaltureAsgﬁ% V&Q/‘@%S‘Nﬁﬁ%‘?ﬁ:s 205. [0034] Thus, the tenperature
managenent sd%]a?.m manages the tenperature of the tenperature sensitive
conponent s 205. “’Absor bi ng heat fromthe tenperature sensitive conponents
205 t hus extaderdpertinee sesefivd conpoeerdhotided withipihe dodi,e sensitive conmponents
205 at a given vironment tenperature. [0035] Wiile specific enbodi ments
have beengst‘?‘&?}fﬁgﬁta ﬂ%fé‘?%‘%i’ ?Pé‘ﬂgaﬁ% eft?l’(?}%&rg’%li%e Herempartidone skilled in
the art wt i ; b I i i & By | i,on.
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vari ati ons and nwdiofly obthednwnbaletopbssi bl e and are within the scope of the
i nvention. Accordingly, the scope of protectionis not limted to the
enbodi ments described, but is only limted by the clains that follow, the
scope of WhiThl deRahblei t6ll afGaial 1, WKbM ahe ekl Bl ddidieisTURhRCLs ABbHE& #fi t he
clainms. CLAIM5S WHAT | S CLAI MED IS: 1. A downhole tool, conprising: a body; a
t enper dtspptedsein ¢ metal Bydristsrenipingoepsiadning hydragenhe body; a col d pl ate
thermally coupled to the tenperature sensitive conmponent; and a netal
hydri de selectively thermally coupled to the cold plate and thermally
coupl ed.t o dhbaldwnhblettbel coviainOLewheein th. mdibiehgipide ehRideP @ n&f thednailln 1,
wher ei n ‘:‘}ge meﬁal hydride is formed as a powder and di sposed within a netal
hydri d&oeet Witherold Blstearimntbermplly eepwed tg thetrody @bthsiderahelpiolof ¢l ai m 2,
wherein the nmetal hydride container is not thermally coupled to the cold
pl ate when thermally coupled to the body of the downhol e 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 downhole 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.



4. The downhole tool of claim3, further conprising a eutectic materi al

di sposed within the netal hydride container. 5. The downhole tool of claim
3, furthewoeomprimng a piston to nove the netal hydri decerast@ionsrssr el ative
to the cold plate. 6. The downhole tool of claim5, further conprising a

spring qhi asi I ide contajner. towards the cold plate. 7. The
domholllg t 0(511\—}'(g 51;0 %Pgllgt%&i ,OI?X érrl 21 Wﬁ?rﬁlg%iﬁ%feg}edﬁ\é\%ﬂnarecql%pr%ss%g %é)B d\’/ﬁpf’ ?ﬁdn a
seal ed thaaihpinderher@n adii@ticd@dtieglifort G@les Bie pedsairdlod thoshehlgiydriihe met al
hydride is selectively thernocoupled to the cold plate by a circulation

system conprising a conduit, a working fluid, and a punp. 9. The downhol e

tool ofycl aiRe.8y, %fe.ef-oel thlaﬁh 19U Ivﬁ'ltel iy gi%@ﬁ‘ &Il&‘%ﬁSQ??{G%%gpgthtﬁ% dﬁ&ball east

;
two val ves, and wherein closing the valves eactiv

t her malhlyyridte edop|tbs nidd hydtidé ihyidrmeady fleuptct efr@olthe poldt MattCand Tieredsasnhol e
tool of claim9Q, wherein the seal ed container c ri ses a piston disposed

t her ei MTSEHE s Betl }E’éflél%l’f"ﬁ%tht fnef"ﬂEy‘%i‘@ﬂ%ﬁle’{}%ﬂy)é@uﬁlﬁ‘ztoﬁ}l%%%19P ton the
netal hydride. 11. The downhol e tool of claim 10, wherein the piston

i ncreases pressure on the netal hydride when the netal hydride is thermally
decouplléd f rodewiwlciobll cphpisingand decr eases pressure on the nmetal hydride
when t he net%thydride is thermally coupled to the cold plate. 12. A
downhol e t odi”° %bnprising: a body; a tenperature sensitive conponent housed

wi thin the hagyperdtufeeasifVeadotponet MBhded widuPhedodye the tenperature
sensitive conponent; a hot plate thernmally coupled to the cold plate; and a

t her mo- el ectarcpldrlate dippaplieeoupled te thet¢reparatiteyscrstiyslcemporent;he hot pl ate and
to the bOdyaﬁ%t@Q%tﬁgwﬁﬂgL&Jﬁ&ﬂ%11%@ﬁfq5£-éﬁe t hernmo-el ectrical converter
WO nenbrane $Pode

system conpri se e gc ro assenblies. 13. The downhol e too

of clai m 12, tihéreroedlectiidae codletleidysic BbEhdlReotsitd B @t dotptetarald bodgoupl ed
by a circul ation s§§{en1conprising a conduit, a working fluid, and a punp.
14. The downhol e o & dayheledpoh whcreynibe digsmetetecicalcenyertes §y LS cemprisast her

conprises at | ea%vo 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 downbhole 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.
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two val ves, and wherein closing the val ves and deactivating the punp
thermal |y decouples the hot plate fromthe cold plate. 15. A downhol e tool,
conpri si ngo 2a10p@e62 a tenperature sensitive conponent hegsag2evoiobisa7 t he
body; a cooling m xture chanber thermally coupled to the tenperature

sensitiye c nent ; i rst. copling.conmponent chamber fluidically .coupled
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cool i ngold platd kewhidh thederd p&aIach s@@@ﬂi‘&mlmﬁmﬁbem&rmmrmﬂﬂc&.l uidically coupl ed
to the cooling m xture chanber and contai ning a second conponent of the
cooling m xture, wherein the first and second conponents of the cooling
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cool i nghatirsthoves thhatittere ¢fsthé diestedd wedohd rompomng ¢l tht eodlimgwhix@lic tffoen the
tenperatuFe sensié%v%%conponent is thermally coupled. 17. The downhol e t ool
of cl aiPH MFHEP 884%¢he cool i ng mi xture chanber conprises a purge that
renoves the mxture of the first and second conponents of the cooling

m xture fromthe cooling mxture chanber. 18. The downhol e tool of claim
17, whd8Bei n Thkelofvinhglt tenhdf sleohd, veloarpio tienfist okl setrmdoooipongntsdfthe ceolmge

introduced into the caoli i.xture chanber by at |east one of a piston and
an aug dpixture are ntroduced 1mto tll?egcor&mg ml)?ture cﬁamger by%t f?aast one of a piston and an Euger.
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