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HIGH TEMPERATURE SENSOR AND SYSTEM

BACKGROUND

{0061} In many industries, including the resource recovery and fluid sequestration
industries, sensors are both important to operations and subject to extreme thermal
stress that rapidly degrades accuracy. Such conditions causes poor reliability and
excessive maintenance. Greater reliability for sensors used in high temperature

applications would be well received in industry.
SUMMARY

{00021 An embodiment of a sensor having thermal stability at greater than 900°C,
including a sensor body comprising an energy harvesting thermal electric generator, a
heat sink in thermally conductive contact with the body, and a conductor electrically

attached to the body, the conductor surrounded by a ceramic dielectric material.

{00031 An embodiment of a borehole system including a borehole in a subsurface

formation, a sensor disposed in the borehole.
BRIEF DESCRIPTION OF THE DRAWINGS

{0004} The following descriptions should not be considered limiting in any way.

With reference to the accompanying drawings, like elements are numbered alike:

{0005] Figure 1 is a schematic cross section of a tubular member with a sensor as

disclosed herein;

{0006] Figure 2 is an enlarged schematic view of the sensor body illustrated in Figure

1;

{00G7] Figure 3 is an enlarged schematic view of the power and signal component

illustrated in Figure 1; and

{0008] Figure 4 is a view of a borehole system including the sensor disclosed herein.
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DETAILED DESCRIPTION

{0009} 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.

[0010] Referring to Figures 1-3, a sensor 10 for temperature applications above
900°C is illustrated in a tubular member 12. The sensor 10 includes a thermoelectric
generator (TEG) 14, such as a Silicone-Germanium alloy-based TEG, disposed within
a heat sink 16 and a power and signal conductor 18 in electrical communication with

the TEG 14.

[0011] More specifically, TEG 14 is of the type that is commercially available and
commonly employed for generation of power. For the present purposes, however, the
TEG is used as a sensor for temperature by querying periodically or continuously
monitoring an energy output of the TEG 14 and correlating that energy output to
temperature in the vicinity of the TEG. Because the temperature range contemplated
for the sensor disclosed herein is extremely high, greater than 900°C, there are
impediments to using a TEG for a sensor. There is a nonlinearity and a transient
nature of TEGs at room temperature that would appear to make a TEG a poor choice
for a temperature sensor at temperatures greater than 900°C. As the temperature
increases, electrical conductivity and thermal conductivity increases (if a
semiconductor) or decreases if a metal. However, the efficiency or figure of merit of a
TEG is directly proportional to electrical conductivity and temperature while
inversely proportional to thermal conductivity. This results in a disproportionality in
the energy generated over a broad range of temperature and particularly at high
temperatures such as greater than 900°C. The effect creates a nonlinearity in the
energy output across a higher temperature range. In other words, the energy output
from the TEG becomes less predictable at high temperature and hence the TEG does
not appear to be a consistent bellwether for temperature as the correlation between

2
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energy production and temperature is not linear. In addition to temperature, time at
temperature is also an issue for TEGs. As time increases, the amount of heat energy
absorbed by the system increases up to the thermal heat capacity of the material. The
quantity of heat absorbed by the system at a given temperature as a function of time
will affect the thermal conductivity and electrical conductivity because it provides
kinetic energy for the free electrons in the material. Hence, TEGs are also transient in
nature, meaning that the energy output will vary even at a consistent temperature held
over time. Rather, as the TEG becomes isothermal with the surrounding environment,
energy production stops. Again, correlating energy output to actual environmental
temperature might be considered elusive. As configured according to this disclosure,
however, both the nonlinearity and transient problems are solved by thermally
coupling the TEG 14 with the heat sink 16. The heat sink in some embodiments is an
alumina material. In some embodiments, the heat sink 16 is additively manufactured
with the TEG which provides for maximum heat transfer efficiency. And in yet some
embodiments, the alumina is formed with a fin-like geometry. The heat sink 16
reduces nonlinearity and transience by conducting heat away from the TEG 14 and
thereby preserving available heat capacity of the material of the TEG, which ensures a
greater thermal difference between the fluid to be measured and the TEG 14. So
configured, the TEG 14 exhibits near zero drift and a low hysteresis (“near” meaning
about 2% and “low” meaning about 10 %). In addition, high temperature application
of a TEG 14 for temperature measurement is hindered by power and signal issues. It
is insufficient to employ commonly used conductors since they suffer from distinctly
increased resistance at higher temperatures, those temperatures being substantially
lower than the contemplated environments for the herein disclosed sensor. To solve
this problem the inventors hereof have discovered that a high temperature conductor
in a ceramic dielectric material provides sufficient power and signal conduction for
reliable sensing at high temperatures such as greater than 900°C. In one embodiment,
the power and signal conductor 18 comprises Chromium 95 alloy (e.g. 30%) as a
conduction medium 20 disposed in a zirconia dielectric material sheath 22 or
dispersed in the zirconia dielectric material. The specific embodiment mentioned

benefits from a matched coefficient of thermal expansion (CTE). As used herein the
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term “matched” means that the conductor or dielectric material is within about 4% of

the CTE of the other of the conductor or the dielectric material.

{0012} Additive manufacturing is appropriate for the conductor and ceramic dielectric

material, for the heat sink (as noted above) and for the entire sensor 10.

[0013] Referring to Figure 4, a borehole system 30 is illustrated. The system 30
includes a borehole 32 in a subsurface formation 34. Within the borehole 15 a sensor

10 as disclosed herein.
[0014] Set forth below are some embodiments of the foregoing disclosure:

[0015] Embodiment 1: A sensor having thermal stability at greater than 900°C,
including a sensor body comprising an energy harvesting thermal electric generator, a
heat sink in thermally conductive contact with the body, and a conductor electrically

attached to the body, the conductor surrounded by a ceramic dielectric material.

[0016] Embodiment 2: The sensor as in any prior embodiment having a thermal

stability at greater than 1000°C.

[0017] Embodiment 3: The sensor as in any prior embodiment wherein the heat sink

is alumina.

[0018] Embodiment 4: The sensor as in any prior embodiment wherein the heat sink

is additively manufactured with the sensor body and includes fins.

[0019] Embodiment 5: The sensor as in any prior embodiment wherein the conductor

comprises chromium 95 alloy.

[0020] Embodiment 6: The sensor as in any prior embodiment wherein ceramic

dielectric material comprises zirconia.

[0021] Embodiment 7: The sensor as in any prior embodiment wherein the conductor
and the ceramic dielectric material exhibit overlapping coefficients of thermal

expansion.
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[0022] Embodiment 8: The sensor as in any prior embodiment wherein the
coefficients of thermal expansion of the conductor and the ceramic dielectric material

are within 4% of an exact match.

[0023] Embodiment 9: The sensor as in any prior embodiment wherein the conductor

and ceramic dielectric material are additively manufactured.

[0024] Embodiment 10: The sensor as in any prior embodiment wherein the entire

sensor is additively manufactured.

[0025] Embodiment 11: A borehole system including a borehole in a subsurface

formation, a sensor disposed in the borehole, the sensor as in any prior embodiment.

[0026] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. Further, it should be noted that

¢

the terms “first,” “second,” and the like herein do not denote any order, quantity, or
importance, but rather are used to distinguish one element from another. The terms
“about”, “substantially” and “generally” are intended to include the degree of error
associated with measurement of the particular quantity based upon the equipment
available at the time of filing the application. For example, “about” and/or
“substantially” and/or “generally” can include a range of + 8% or 5%, or 2% of a

given value.

{0027} The teachings of the present disclosure may be used in a variety of well
operations. These operations may involve using one or more treatment agents to treat
a formation, the fluids resident in a formation, a wellbore, and / or equipment in the
wellbore, such as production tubing. The treatment agents may be in the form of
liquids, gases, solids, semi-solids, and mixtures thereof. [lustrative treatment agents
include, but are not limited to, fracturing fluids, acids, steam, water, brine, anti-
corrosion agents, cement, permeability modifiers, drilling muds, emulsifiers,

demulsifiers, tracers, flow improvers etc. Illustrative well operations include, but are
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not limited to, hydraulic fracturing, stimulation, tracer injection, cleaning, acidizing,

steam injection, water flooding, cementing, etc.

{0028} 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 thereof. 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 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.
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What is claimed is:

1. A sensor (10) having thermal stability at greater than 900°C,

characterized by:

a sensor body comprising an energy harvesting thermal electric generator

(14);
a heat sink (16) in thermally conductive contact with the body; and

a conductor (18) electrically attached to the body, the conductor (18)

surrounded by a ceramic dielectric material.

2. The sensor (10) as claimed in claim 1 having a thermal stability at

greater than 1000°C.

3. The sensor (10) as claimed in claim 1 wherein the heat sink (16) is

alumina.

4. The sensor (10) as claimed in claim 1 wherein the heat sink (16) is

additively manufactured with the sensor body and includes fins.

5. The sensor (10) as claimed in claim 1 wherein the conductor (18)

comprises chromium 95 alloy.

6. The sensor (10) as claimed in claim 1 wherein ceramic dielectric

material (22) comprises zirconia.

7. The sensor (10) as claimed in claim 1 wherein the conductor (18)
and the ceramic dielectric material (22) exhibit overlapping coefficients of

thermal expansion.

8. The sensor (10) as claimed in claim 7 wherein the coefficients of
thermal expansion of the conductor (18) and the ceramic dielectric material

(22) are within 4% of an exact match.
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9. The sensor (10) as claimed in claim 1 wherein the conductor (18) and

ceramic dielectric material (22) are additively manufactured.

10. The sensor (10) as claimed in claim 1 wherein the entire sensor (10)

is additively manufactured.

11. Aborehole system (30) characterized by:

a borehole ( 32) in a subsurface formation (34);

a sensor (10) disposed in the borehole (32), the sensor as claimed in

claim 1.



WO 2023/133370 PCT/US2023/060032

Gas Turbine

-

<
)
7

FIG.1

10




WO 2023/133370 PCT/US2023/060032

2/3

Thermo Electric Generator

14
16
3D Printed Heat Sink—=
FIG.2
13‘ ’/2
%2 !—>Zirconio
¢ / 3
\
20

— Cr95 Alloy

FIG.3



PCT/US2023/060032

3/3

WO 2023/133370

\/ \

NS
y Y
S < AARK
S Ny
& NFEEa &
Y A= PN
N 2 SR

v/ 2 . 4
AN SO o
UKL o LS L
RN X 7 A
SKEESESEESEESSY 7 T LY
R R (K \\///\
R
N
- \//,\
N
NS
SN
SR

NN //\///\\A//\,x/\
RRRRRRRARG
et
WIS >
R "
WMWY
I
AVANN
%
SR
//\x

FIG.4



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2023/060032

A. CLASSIFICATION OF SUBJECT MATTER
E21B 47/01(2006.01)i; E21B 41/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

E21B 47/01(2006.01); E21B 10/00(2006.01); E21B 28/00(2006.01); E21B 41/00(2006.01); E21B 43/00(2006.01);
F25B 21/02(2006.01); HO1L 35/30(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: sensor, energy harvesting thermal electric generator, heat sink, conductor, dielectric

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2017-015004 Al (SCHLUMBERGER TECHNOLOGY CORPORATION et al.) 26 January 2017
(2017-01-26)
Y page 4, lines 16-28, page 6, line 1 - page 11, line 13 and figures 2, 8-9 1-11

US 2011-0127031 Al (ZOLEZZI GARRETON, ALFREDO) 02 June 2011 (2011-06-02)
Y paragraph [0106] and figures 6A-6B 1-11

US 2009-0217960 Al (TUBEL et al.) 03 September 2009 (2009-09-03)
Y paragraphs [0018], [0021] and figures 2-4 3-4

US 2010-0024436 Al (DIFOGGIO, ROCCO) 04 February 2010 (2010-02-04)
A paragraph [0020] 1-11

EP 1828539 B1 (HALLIBURTON ENERGY SERVICES, INC.}) 16 January 2013 (2013-01-16)
A claim 1 and figure 8 1-11

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
25 April 2023 25 April 2023
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon PARK, Tae Wook
35208, Republic of Korea
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3405

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2023/060032

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
WO 2017-015004 Al 26 January 2017 None

uUs 2011-0127031 Al 02 June 2011 AR 079228 Al 04 January 2012
CA 2782408 Al 03 June 2011
us 2012-0132416 Al 31 May 2012
us 2014-0246191 Al 04 September 2014
us 8746333 B2 10 June 2014
WO 2011-064375 A2 03 June 2011
WO 2011-064375 A3 01 December 2011

uUsS 2009-0217960 Al 03 September 2009 None

uUs 2010-0024436 Al 04 February 2010 BR PI0917426 A2 01 December 2015
GB 2476178 A 15 June 2011
GB 2476178 B 20 February 2013
NO 20110208 Al 22 February 2011
WO 2010-014243 A2 04 February 2010
WO 2010-014243 A3 15 April 2010

EP 1828539  B1 16 Janumary 2013 AU 2005-316870 Al 22 June 2006
CA 2587897 Al 22 June 2006
CA 2587897 C 29 May 2012
CN 101133232 A 27 February 2008
CN 101133232 B 07 November 2012
EP 1828539 Al 05 September 2007
NO 20073301 L 30 August 2007
NO 338366 Bl 15 August 2016
us 2006-0191682 Al 31 August 2006
us 2010-0132934 Al 03 June 2010
us 8220545 B2 17 July 2012
WO 2006-065559 Al 22 June 2006

Form PCT/ISA/210 (patent family annex) (July 2022)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - claims
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - wo-search-report
	Page 14 - wo-search-report

