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(57) ABSTRACT 

In some embodiments, an apparatus includes a tool for a 
doWnhole operation. The tool includes a doWnhole poWer 
source to generate poWer. The tool also includes a cooler 
module to loWer temperature based on the poWer. 
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HEATING AND COOLING ELECTRICAL 
COMPONENTS IN A DOWNHOLE OPERATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority under 35 U.S.C. § 
119(e) of US. Provisional Application No. 60/633,181, ?led 
Dec. 3, 2004, Which application is incorporated herein by 
reference. 

RELATED APPLICATIONS 

[0002] This application is related to Attorney Docket No. 
1880.069US1, entitled: RECHARGEABLE ENERGY 
STORAGE DEVICE IN A DOWNHOLE OPERATION, 
Ser. No. , ?led Dec. 2, 2005; and Attorney Docket 
No. 1880.067US1, entitled: SWITCHABLE POWER 
ALLOCATION IN A DOWNHOLE OPERATION, Ser. No. 

, ?led Dec. 2, 2005. 

TECHNICAL FIELD 

[0003] The application relates generally to petroleum 
recovery operations. In particular, the application relates to 
a con?guration for use of electronics in doWnhole tools for 
such operations. 

BACKGROUND 

[0004] During drilling operations, Measurement-While 
Drilling (MWD) and Logging-While-Drilling (LWD sys 
tems as Well as Wireline systems provide Wellbore direc 
tional surveys, petrophysical Well logs and drilling 
information to locate and extract hydrocarbons from beloW 
the surface of the Earth. Di?ferent tools used in these 
operations incorporate various electrical components. 
Examples of such tools include sensors for measuring dif 
ferent doWnhole parameters, data storage devices, ?oW 
control devices, transmitters/receivers for data communica 
tions, etc. DoWnhole temperatures can vary betWeen loW to 
high temperatures, Which can adversely affect the operations 
of the electrical components. 

SUMMARY 

[0005] In some embodiments, an apparatus includes a tool 
for a doWnhole operation. The tool includes a doWnhole 
poWer source to generate poWer. The tool also includes a 
cooler module to loWer temperature based on the poWer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Embodiments of the invention may be best under 
stood by referring to the folloWing description and accom 
panying draWings Which illustrate such embodiments. The 
numbering scheme for the Figures included herein are such 
that the leading number for a given reference number in a 
Figure is associated With the number of the Figure. For 
example, a tool 100 can be located in FIG. 1. HoWever, 
reference numbers are the same for those elements that are 
the same across different Figures. In the draWings: 

[0007] FIG. 1 illustrates a tool for doWnhole operations 
that includes a con?guration for electrical components oper 
able at high temperatures, according to some embodiments 
of the invention. 
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[0008] FIG. 2 illustrates a more detailed diagram of a tool 
for doWnhole operations that includes a con?guration for 
electrical components operable at high temperatures, 
according to some embodiments of the invention. 

[0009] FIGS. 3A-3B illustrate mechanical spring con?gu 
rations as energy storage devices, according to some 
embodiments of the invention. 

[0010] FIGS. 4A-4B illustrate hydrostatic chamber con 
?gurations as energy storage devices, according to some 
embodiments of the invention. 

[0011] FIGS. 5A-5B illustrate elevated mass con?gura 
tions as energy storage devices, according to some embodi 
ments of the invention. 

[0012] FIGS. 6A-6B illustrate differential pressure drive 
con?gurations as energy storage devices, according to some 
embodiments of the invention. 

[0013] FIGS. 7A-7B illustrate compressed gas drive con 
?gurations as energy storage devices, according to some 
embodiments of the invention. 

[0014] FIG. 8 illustrates a more detailed diagram of a tool 
for doWnhole operations that includes a con?guration for 
controlling poWer ?oW betWeen heating and cooling, 
according to some embodiments of the invention. 

[0015] FIG. 9 illustrates a plot of the temperatures of tWo 
phase change materials as a function of time, according to 
some embodiments of the invention. 

[0016] FIG. 10 illustrates poWer and heat How in a tool for 
doWnhole operations that includes a con?guration for con 
trolling poWer ?oW betWeen heating and cooling, according 
to some embodiments of the invention. 

[0017] FIG. 11 illustrates a How diagram for controlling 
poWer ?oW betWeen heating and cooling, according to some 
embodiments of the invention. 

[0018] FIG. 12 illustrates poWer How in a tool for doWn 
hole operations that includes a rechargeable energy storage 
device, according to some embodiments of the invention. 

[0019] FIG. 13 illustrates heat How in a tool for doWnhole 
operations that includes a rechargeable energy storage 
device, according to some embodiments of the invention. 
Heat ?oWs from a turbine generator 806 and a cooler 804 to 
a mud How 808. 

[0020] FIG. 14A illustrates a more detailed diagram of a 
tool for doWnhole operations that includes rechargeable 
energy storage devices to supply poWer doWnhole, accord 
ing to some embodiments of the invention. 

[0021] FIG. 14B illustrates a more detailed diagram of a 
tool for doWnhole operations that includes rechargeable 
energy storage devices to supply poWer doWnhole, accord 
ing to other embodiments of the invention. 

[0022] FIG. 15A illustrates a drilling Well during Wireline 
logging operations that includes the heating and/or cooling 
doWnhole, according to some embodiments of the invention. 

[0023] FIG. 15B illustrates a drilling Well during MWD 
operations that includes the heating and/or cooling doWn 
hole, according to some embodiments of the invention. 
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DETAILED DESCRIPTION 

[0024] Methods, apparatus and systems for heating and 
cooling doWnhole are described. In the following descrip 
tion, numerous speci?c details are set forth. However, it is 
understood that embodiments of the invention may be 
practiced Without these speci?c details. In other instances, 
Well-known circuits, structures and techniques have not 
been shoWn in detail in order not to obscure the understand 
ing of this description. 

[0025] Some embodiments include con?gurations that 
have electrical components that are operable at high tem 
peratures in combination With heat exhausting cooling sys 
tems. Some embodiments include different Commercial Off 
The Shelf (COTS) electronics (such as high density memory 
and microprocessors) that are enclosed in a thermally insu 
lating container that may be cooled by a heat exhausting 
cooling system. The cooling system may include heat sinks, 
heat exchangers and other components for enhancing ther 
mal energy transfer. Moreover, the con?guration may 
include components capable of exhausting heat to the sur 
rounding environment. For example, the tool pressure hous 
ing, drill string, etc. may be coupled to a heat sink, a heat 
exchanger, etc. to exhaust the heat. In some embodiments, 
certain electrical components may be operable at high 
temperatures. For example, the electrical components that 
are part of the poWer source (such as a ?oW-driven genera 
tor), the sensors, the telemetry components, etc. may be 
operable at high temperatures. Some embodiments alloW the 
use of COTS microprocessors and memory doWnhole that 
are operable at loW temperatures. Accordingly, the speed of 
processing may be greater and the density of the memory 
may be higher that can be obtained using high-temperature 
electrical components. 

[0026] Some embodiments include a poWer generator that 
is sWitchably operated to provide poWer to both a heater and 
a cooler doWnhole. For example, if the temperature is loW, 
some or all of the poWer may be sWitched to a heater that 
may be used to raise the temperature of an energy storage 
device. Conversely, if the temperature is high, some or all of 
the poWer may be sWitched to a cooler that may be used to 
loWer the temperature of electronics. 

[0027] Some embodiments include a rechargeable energy 
storage device, Which may be used in combination With an 
alternative poWer source (such as a turbine generator poW 
ered by mud ?oW doWnhole). The rechargeable energy 
storage device may be operable a high temperatures. 
Rechargeable energy storage device operable at high tem 
peratures exceed the operating temperature limit of standard 
energy storage devices (such as standard lithium batteries). 
Moreover, recharging the energy storage devices doWnhole 
may alloW for a smaller storage device payload than Would 
be required With non-rechargeable energy storage devices. 
[0028] While described With reference to the removal of 
heat from electrical components, such embodiments may be 
used to remove heat from any type of component. For 
example, the component may be mechanical, electro-me 
chanical, etc. In the folloWing description, the de?nition of 
high temperature and loW temperature are de?ned for vari 
ous components. Such de?nitions of temperature are relative 
to the component and may or may not be independent of 
temperatures of other components. For example, a high 
temperature for component A may be different than a high 
temperature for component B. 
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[0029] This description of the embodiments is divided into 
four sections. The ?rst section describes a tool in a doWnhole 
operation. The second section describes different con?gu 
rations for a sWitchably operated doWnhole poWer source for 
heating and cooling in a doWnhole tool. The third section 
describes different con?gurations using a rechargeable 
energy storage devices doWnhole. The fourth section 
describes example operating environments. The ?fth section 
provides some general comments. 

DoWnhole Tool Having Heating and/or Cooling 

[0030] FIG. 1 illustrates a tool for doWnhole operations 
that includes a con?guration for electrical components oper 
able at high temperatures, according to some embodiments 
of the invention. In particular, FIG. 1 illustrates a tool 100 
that may be representative of a doWnhole tool that is part of 
an MWD system, a tool body that is part of a Wireline 
system, a temporary Well testing tool, etc. Examples of such 
systems are described in more detail beloW (see description 
of FIGS. 10A-10B). The tool 100 includes a high-tempera 
ture poWer source 102, a cooler module 104, a thermal 
barrier 106 and a high-temperature sensor section 108. 

[0031] In some embodiments, the cooler module 104 
includes one or more heat exchangers or other components 
for thermal energy transfer. The heat exchangers may be 
parallel-?ow heat exchangers, Wherein tWo ?uids enter an 
exchanger at a same end and travel the exchanger parallel 
relative to each other. The heat exchangers may be counter 
?oW heat exchangers Wherein the tWo ?uids enter an 
exchanger at opposite ends. The heat exchangers may also 
be cross-?oW heat exchangers, plate heat exchangers, etc. 
The heat exchangers may be comprised of multiple layers of 
different materials, such as copper ?oW tubes With aluminum 
?ns or plates. In some embodiments, the cooler module 
includes a thermoacoustic cooler Which is capable of remov 
ing heat from one area of the tool, such as that area occupied 
by thermally sensitive electronics, and transferring this heat 
to some other area Which is not as temperature sensitive. 

[0032] The thermal barrier 106 may be a thermally insu 
lating container. The thermal barrier 106 may house different 
electronics or electrical components. For example, the ther 
mal barrier 106 may house electronics or electrical compo 
nents that are operable at loW temperatures. In some embodi 
ments, such electronics or electrical components are COTS 
electronics. The high-temperature sensor section 108 
includes one to a number of different sensors that include 
electrical components that are operable at high temperatures. 
Alternatively, some of the electrical components that are 
capable of operating at high temperature may be housed in 
the thermal barrier 106 and operable at loW temperatures. 

[0033] FIG. 2 illustrates a more detailed diagram of a tool 
for doWnhole operations that includes a con?guration for 
electrical components operable at high temperatures, 
according to some embodiments of the invention. In par 
ticular, FIG. 2 illustrates a more detailed block diagram of 
the tool 100. The tool 100 includes a high-temperature 
poWer source 202, high-temperature poWer conditioning 
electronics 204, an energy storage device 203, the cooler 
module 104, loW-temperature electronics 206, the thermal 
barrier 106, high-temperature telemetry 212 and sensors 
214A-214N. In some embodiments, not all of the compo 
nents of the tool 100 illustrated in FIG. 2 are incorporated 




















