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Abstract: To address the failure of electronic temperature-measurement devices caused by extreme downhole temperatures in ultra-
deep (10, 000-m-class) drilling, this study developed a mechanical temperature-measurement device for while-drilling applications
based on an irreversible thermo-chromic (heat-sensitive color-development) principle. Integrated into the inner-tube assembly of a
wireline coring drill, the device uses a color-developing coating composed of materials with specified melting points to record the
maximum downhole temperature reached. After retrieval of the inner -tube assembly to the surface using an overshot, the
temperature record can be read. Experimental results show that the device measures temperatures from 37 to 260 “C, with
measurement errors below 5% in the 110 - 260 °C range. The resolution is 3 “C from 37 to 65 “C and 6 C from 65 to 260 “C. In

addition, the device requires about 30 minutes to reach thermal equilibrium for stable measurement, and a 72-hour constant -
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temperature test verified its excellent stability. Because it contains no electronic components, the mechanical device avoids the high

- temperature limitations of ultra -deep wells and provides an effective method for while - drilling bottom - hole temperature

measurement in drilling projects exceeding 10,000 meters.

Key words: mechanical; temperature measurement; coring tools; ultra-deep wells; temperature-indicating paper.
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Fig. 1

Structure and working principle of the downhole temperature-measurement device

a. ML A5 R 7R IR s b I AR R

Dy A L W g X ]
2 HiKE

Shy A6 Ak B B 000 30 Y ) A R 6 TR
AR PEAT T 05 BT . IR 2a S FREE IR E 200 “C A AF
RO AR R S AR R O AR O AR &
i DX 358 T T A I v I A T S0 4y, LR A
TS W BRI/ IN TN BE AT 5 B O RIS T AR, A
TR T A AL 3 . i b, A 00 3 Y 56 AR
TE RE 25 K DA ORC I R PR A 3 A R R 4K L A
5550 248 i v IO ESF ) L 1 — 25 X6 AN TR 55 AR RS BE R A TR
iof B AT 05 E (I 2b) |, 45 5 R 55 AR e v o i R
P AEA TR R B R B TR R 2 R AR . 28450
5e 85 57 30 e 7 R R OR,  ARRE B A E R 12 mm.

B 5, PEAL T 455k R B9 . 42CrMo M 2Cr13 =
H PR el 00 38 e 9 TR R RE A R L R 2¢ [ EL 4G
FRW, 45 2 A T R 88 L LR RIS, TR
P R, (R g 24 M B S T 42CrMo. Ry e ) 2
PERE 5 THIR G B, PE$% 42CrMo 1E R 45 B b R .
Ja XL AR JE B I Y 7E 150 °C L 200 “CH 250 °C
TOCF W THRAT N AT T 5 B E . & 2d TR i 2%
R AN ) T O A — 2, B 5 B e
LIt R AR AR . % T R R AR O A

A HE AR BT AR AL 2T B Y N B 43 B 2 R] SR A R
AR A L Ay R e 7 R

1E 58 WM OB Ko 25 K Ak e, 3 — 20 xR
42CrMo & 4 X 1 DU I 2 15 78 200 MPa &b & T80 T
VEAT T 0 1205 B AT . FR TR 3a 30 T A 4
RN 25 v ) A v S AR T Lk & K 5
M 55 a7 A o 42 Aok DX, 150 WL 300 R T 5 AR o
FEAE— 22 10 JR 35 1 ) 4 vh B4 T i A = 4k X I
J153 A AR 5] FLEE R R DU Y B KA
BN F1 R 839.3 MPa, ik T 42CrMo £ 4= A9 Ji i 53k J3E
980 MPa, 3 B 25 ¥4 7£ 200 MPa #h JEAE F R oK & 4=
Jet Ml 2 . B 3b S AL RS 43 AT A5 R AT SR AL
F2 2 B AE a5 A S X, 8 P AR AR A AR R
77 A R e T AFURE AR AR T AT b T R AR LN L 2R
B 43 BT RTAL R R T B B ) B AR R R g ) AN
SEA NI AH SR AET L K 7 A 3% B2 X IAT) SR o R T 5
BRAL, P UG AE ST 2 0 T sk R N ok R e AR A5 L O
T B f BB A DL AR R &8 N 7 4R A
T KA RN T, B v 45 F 7 R ] S

3 BN

BT AL BT J7 %8, 0 T BE Al I i G R
BL, I 0 F A L R A o A I R K . 3%



2970 HiEkFL#  hitp://www.earth-science.net

51 %

220

220 1
a 200 |

BIECCO)
I~
[=)
T
WEECC)

—

=

(=]
T

20 = 10 mm 20
1 1 1 1 1 1 ] 1 1 1 1

200 |
180 |
180 |
160 |
160
140 |
140 [
< 120
% 100 |
so0 | 80
- 60 -
60 14 — 458 B
40 F - 40 —— 42CrMo% &
= 12 mm

—— 2Cr134 &4

0 500 1000 1500 2000 2500 3000 0 1000 2000 3000
i [8] (s) B[] (s)

250

4000 5000

d
rrres il
200 F
' ' _1so b
t=0s t=470s =660 s O
"
Jut]
100 F
e .. .. ]
50 | —150°C
——200°C
——250°C
0 1 1 1 1 1 1
1=940s 1=1420s 1=2500s 0 1000 2000 3000 4000 5000

I [ (s)
L2 0 8 ol R A 5

Fig. 2 Simulation results of the heating process of the temperature-measurement section
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Fig.3 Static structural simulation results of the temperature-measuring sub under an external pressure of 200 MPa
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Fig. 4 Temperature-sub section indoor experiment.
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Fig. 5 Temperature-response characteristics of different types of temperature-sensitive papers

a. A BENLYLAE 60 CHRAF R BB s b, A BAHLYNLE 110 CHR AT Y EEZLS R 5 oo A BIKARALE 50~150 °CH Fl A 14 i Rz i (] 5

d. BENRACTE 50~ 150 “Ct Fl P B4 i 17 15 1)

e K R PR 56 SO 0 3R e T T AR
FE PN 38 3 A A o R A AN TR ) IR R AR
B ], 52 BT 0 30 2 Y A K L P ke A
A TS IR R W 4 BT R
31 MR KRG

Sk PP A AN T 000 3 3 4% 0 i 45 SR Y 52, 35 R
AT B A A B A HE AT X o B . A T AR
335 BB R 37 C & 260 °C, i B4y W R R 3 CE
6 °C. B AU 400 R 7 o 40 °CZ 150 °C, 3 #E RNy
10 °C. g A it 48 1y W0 A B RL 4 A, X 60 C A
110 Cy [l 5 . 18] 5a F1 I 5b 43 31 45 7 5 Fh
IKACAE 60 “CHT 110 “CA& T Y b 545 5L, 24 ] ¥4 Bl
BEPUE AL B HAR IR . F — 25 4E 50 ‘CE 150 CX

(] P 32T 7 A 46 1 R I R ESF TR) B A G g
7R RE , 45 S 4 18] Sc R R 5d BT, PR 4R 4 15 6 s
PS8 S B L 28 22 Uk A S il ik 6 AR b S
o7 Pk B 3 B, O 55 b o R A X B 0 g 22
SEL O R IR 4G e I R R R Tk O T R
B3\ 1 B (AN i T R R 0 - el =
AW ER S S TN R A R IR
IS i NN B 8 B B B G 79 iR LU
e E A 37 “CE 260 CIE B N B R, Hodr 37 °C
65 CX /3% H 3 °C,65 ‘CZE 260 “CIX [a] 43 Bt
FH6C.
3.2 MRS MHIRE

Sk T F I ARl 0 3 26 0 0 B R 7 37 C &



2972 Bkl

http://www.earth-science.net

Pt
i
#

o

300 ) 1l ! 1

50 70 90 110 130

150

I !
170 190 210 230 250 270

2Rl JE(°C)

iR 2 (%)
(5]
n
T

2.0 1 1 1 1 1 1

110 120 130 140 150 160 170

K6 AR R EE R g

180

190 200 210 220 230 240 250 260

S BR ()

=X
4

Fig. 6 Measurement results at different temperatures
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