wo 2014/113157 A1 |} 1) 0 00RO O A A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 2014 /1 1 3 157 Al
24 July 2014 (24.07.2014) WIPOIPCT
(51) International Patent Classification: (71) Applicant: BAKER HUGHES INCORPORATED
GO1K 11/32 (2006.01) E21B 47/07 (2012.01) [US/US]; P.O. Box 4740, Houston, Texas 77210-4740
GO1K 5/48 (2006.01) (US).
(21) International Application Number: (72) Inventors: DUNCAN, Roger Glen; 2929 Allen Parkway,
PCT/US2013/074596 Suite 2100, Houston, Texas 77019-2118 (US).
. - CHILDERS, Brooks A.; 2929 Allen Parkway, Suite 2100,
(22) International Filing Date: Houston, Texas 77019-2118 (US). WYSOCKI, Paul F.;
12 December 2013 (12.12.2013) 2929 Allen Parkway, Suite 2100, Houston, Texas 77019-
(25) Filing Language: English 2118 (US).
(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
L. kind of national protection available). AE, AG, AL, AM,
(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

[Continued on next page]

(54) Title: TEMPERATURE SENSING ARRANGEMENT, METHOD OF MAKING THE SAME AND METHOD OF SENSING
TEMPERATURE

(57) Abstract: A temperature sensing arrangement includes a member having

FG. 1

a first coefficient of thermal expansion, and an optical fiber having a second
coetficient of thermal expansion. The optical fiber is strain transmissively
mounted to the member. And the second coefficient of thermal expansion is
greater than the first coefficient of thermal expansion such that strain measur-
able in the optical fiber is correlatable to temperature changes in the member.



WO 2014/113157 A1 WK 00T 00 T A A

84)

KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))



WO 2014/113157 PCT/US2013/074596

TEMPERATURE SENSING ARRANGEMENT, METHOD OF MAKING THE SAME
AND METHOD OF SENSING TEMPERATURE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 13/744044, filed

on January 17, 2013, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Systems that employ optical fibers are commonly used to measure temperature
along the length of the fiber. These systems rely on light being reflected or refracted
responsive to temperature at points there along returning to an end of the optical fiber for
determining temperature at the points. Such systems include those employing Bragg gratings;
Brillouin based distributed temperature sensing and distributed temperature sensing using the
Raman Effect, for example. Strain along an optical fiber, however, also causes some of the
light to be reflected or refracted and returned to the end. This alteration of light traveling
through the fiber due to strain can have a detrimental effect on accuracy of the temperature
measurements made with the fiber. Methods and systems that minimize these detrimental

effects on measurement accuracy will be well received by those who practice in the art.

BRIEF DESCRIPTION

[0003] Disclosed herein is a temperature sensing arrangement. The arrangement
includes a member having a first coefficient of thermal expansion, and an optical fiber having
a second coefficient of thermal expansion. The optical fiber is strain transmissively mounted
to the member. And the second coefficient of thermal expansion is greater than the first
coefficient of thermal expansion such that strain measurable in the optical fiber is correlatable
to temperature changes in the member.

[0004] Further disclosed herein is a method of determining temperature along a
member. The method includes correlating strain measured in an optical fiber to temperature
changes in a member. The optical fiber is strain transmissively attached to the member and
the member has a first coefficient of thermal expansion that is greater than a second
coefficient of thermal expansion of the optical fiber. The method further includes measuring
strain in the optical fiber and attributing temperature values to the member that correlate with

the strain measured in the optical fiber.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:

[0006] FIG. 1 depicts a cross sectional view of a temperature sensing arrangement
disclosed herein; and

[0007] FIG. 2 depicts an alternate cross sectional view of the temperature sensing

arrangement of FIG. 1.

DETAILED DESCRIPTION

[0008] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference
to the Figures.

[0009] Referring to Figures 1 and 2, an embodiment of a temperature sensing
arrangement is illustrated at 10. The temperature sensing arrangement 10 includes a member
14 shown herein as a tubular and an optical fiber 18 that is strain transmissively attached to
the member 14. Strain “transmissively attached” as employed herein means to rigidly attach
or strain lock the items to one another so that strain experienced by one is experienced by the
other. The member 14 has a first coefficient of thermal expansion and the optical fiber 18 has
a second coefficient of thermal expansion and the first coefficient of thermal expansion is
greater than the second coefficient of thermal expansion. The arrangement 10 thereby has a
strong correlation between strain measured in the optical fiber 18 and temperature changes in
the member 14.

[0010] Improved sensitivity of the temperature sensing arrangement 10 is due, in part,
to the optical fiber 18 being more sensitive to strain than to changes in temperature and to
selection of a material for the member 14 that has a significantly higher coefficient of thermal
expansion than that of the optical fiber 18. Use of a metal, such as Nickel or a Nickel alloy,
for example, for the member 14 can yield a configuration that has the member 14 with a
factor of three or more times the coefficient of thermal expansion of the optical fiber 18.

[0011] Strain transmissively attaching the optical fiber 18 to the member 14 can be
accomplished in different ways. For example, the optical fiber 18 can be adhered to the
member 14 via an adhesive such as epoxy, or through an interference fit between the two
components. Both of these methods of attachment can be facilitated by positioning the
optical fiber 18 in a center of the tubular member 14, as illustrated herein, thereby increasing

surface areas of each that are in contact with the other. Such a configuration minimizes strain
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imparted on the optical fiber 18 by any means other than that imparted to the optical fiber 18
by the member 14.

[0012] Sensitivity of the temperature sensing arrangement 10 is further enhanced by
minimizing strain imparted on the member 14 by anything other than temperature changes
experienced by the member 14. A housing 22, illustrated herein as a tubular surrounding the
member 14, protects the member 14 from contacting structures that could impart non-
temperature related strain to the member 14. Positioning a fluid 26 in an annular space 30
defined between the member 14 and the housing 22 further isolates the member 14 from
undesirable inputs of strain. A longitudinal gap 34 provided between an end 38 of the
member 14 and an end 42 of the housing 22 can assure that the member 14 has sufficient
room to grow longitudinally with changes in temperature without the ends 38 of the member
14 making contact with the end 42 of the housing 22.

[0013] When used in a borehole 46 in an earth formation 50 such as are employed in
the hydrocarbon recovery and the carbon dioxide sequestration industries the housing 22 can
be a control line attachable to a tool 54, such as a drill string, for example, run within the
borechole 46. Thereby allowing for accurate temperature determination along the length of
the tool 54. Alternately, the member 14 can be a control line and deployed along the tool 54
without the housing 22, as long as care is taken to attach the member 14 to the tool 54 so as to
minimize strain imparted to the member 14 by the tool 54.

[0014] Accuracy of the temperature sensing arrangement 10 disclosed herein can
further be enhanced by intentionally varying temperature of the optical fiber 18 and member
14 assembled together and mapping strain sensed by the optical fiber 18 in response to the
temperature variations. This mapping allows temperature changes in the member 14 to be
correlated to strain measurements made with the optical fiber 18. Subsequently, an operator
can attribute temperature values to the member 14 to strain measured in the optical fiber 18.

[0015] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without departing
from the essential scope thercof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of the

claims. Also, in the drawings and the description, there have been disclosed exemplary
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embodiments of the invention and, although specific terms may have been employed, they
are unless otherwise stated used in a generic and descriptive sense only and not for purposes
of limitation, the scope of the invention therefore not being so limited. Moreover, the use of
the terms first, second, etc. do not denote any order or importance, but rather the terms first,
second, etc. are used to distinguish one element from another. Furthermore, the use of the
terms a, an, etc. do not denote a limitation of quantity, but rather denote the presence of at

least one of the referenced item.
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CLAIMS
What is claimed is:

1. A temperature sensing arrangement comprising:

a member having a first coefficient of thermal expansion; and

an optical fiber having a second coefficient of thermal expansion being strain
transmissively mounted to the member, the second coefficient of thermal expansion being
greater than the first coefficient of thermal expansion such that strain measurable in the
optical fiber is correlatable to temperature changes in the member.

2. The temperature sensing arrangement of claim 1, wherein the optical fiber is
more sensitive to changes in strain than to changes in temperature.

3. The temperature sensing arrangement of claim 1, wherein the member
surrounds the optical fiber.

4. The temperature sensing arrangement of claim 1, wherein the member is
tubular.

5. The temperature sensing arrangement of claim 1, wherein the member is a
control line.

6. The temperature sensing arrangement of claim 1, wherein member is metal.

7. The temperature sensing arrangement of claim 1, further comprising a housing
in protective communication with the member.

8. The temperature sensing arrangement of claim 7, wherein the housing
surrounds the member.

9. The temperature sensing arrangement of claim 8, wherein a fluid is positioned
in a space between the member and the housing.

10.  The temperature sensing arrangement of claim 7, wherein the protective
communication between the member and the housing isolates strain exhibited in the housing
from reaching the member.

11.  The temperature sensing arrangement of claim 7, wherein the housing is a
tubular.

12.  The temperature sensing arrangement of claim 7, wherein the housing is a
control line.

13. A method of determining temperature along a member, comprising:

correlating strain measured in an optical fiber to temperature changes in a member,

the optical fiber being strain transmissively attached to the member, the member having a
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first coefficient of thermal expansion greater than a second coefficient of thermal expansion
of the optical fiber;

measuring strain in the optical fiber; and

attributing temperature values to the member that correlate with the strain measured in
the optical fiber.

14.  The method of determining temperature along a member of claim 13, further
comprising minimizing structural engagement between the member and structure surrounding
the member.

15. A method of making a temperature sensing arrangement, comprising:

strain transmissively mounting an optical fiber to a member having a greater
coefficient of temperature expansion than that of the optical fiber;

varying temperature of the optical fiber and member assembly; and

mapping strain sensed by the optical fiber in response to temperature variations in the
member.

16.  The method of making a temperature sensing arrangement of claim 15, further
comprising minimizing strain imparted on the optical fiber by means other than that imparted
on the optical fiber by the member.

17.  The method of making a temperature sensing arrangement of claim 16, further
comprising minimizing strain imparted on the member by means other than temperature

variations of the member.
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