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Research on the Influence Mechanism of Heat-Insulating Coating Parameters in
Temperature-Controlled Drilling of Ultra-Deep Well
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(1. College of Petroleum Engineering, China University of Petroleum (Beijing), Beijing, 102249, China; 2. School of Energy
Resources, China University of Geosciences (Beijing), Beijing, 100083, China; 3. College of Carbon Neutral Energy, China
University of Petroleum (Beijing), Beijing, 102249, China)

Abstract: To reveal the influence of the heat-insulating coating on the wellbore temperature field of ultra-deep
wells, the comprehensive heat transfer coefficient of the drill pipe was calculated in the form of heat transfer resistance
according to the thermal conductivity characteristics of the heat-insulating coating and the drill pipe. A transient heat
transfer model of the wellbore-formation of the ultra-deep well considering the heat-insulating coating inside the drill
pipe was developed. The model was discretized by the finite difference method and solved iteratively by the Gauss-
Seidel algorithm. The accuracy of the model was validated through theoretical analysis and field data. The results show
that the thermal conductivity coefficient of the heat-insulating coating inside the drill pipe significantly affects the
bottom hole circulating temperature. A decrease in conductivity coefficient leads to a rapid drop in wellbore annular
temperature and an increase in exit temperature. The thickness and length of the heat-insulating coating also greatly
impact wellbore temperature, with greater thickness resulting in a lower bottom hole circulating temperature. These
findings offer essential theoretical support for wellbore temperature control and optimization of heat-insulating drill
pipe parameters during ultra-deep well drilling.

Key words: ultra-deep wells; drilling; wellbore temperature; heat-insulating coating; drill pipe; comprehensive heat
transfer coefficient
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Table 2 Thermal property parameters of heat transfer
medium of Well X

B/ b/ S EY Y
ﬁjﬂi— -3 -1 -1 -1 -1
(kg'm ™) (Jkg -C) (Wm -C)
il 1600 1600 1.200
Bk 7 800 500 48.000
= 7 800 500 48.000
IK IR 2 140 2000 0.700
HEA A 2 655 985 2.021
MR/ C
0 40 80 120 160 200
----- R LR
HiFTR
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\E 4000
= 6000}
8000 -
10000k 163.82

3 XHAEBRFEREHRIFTUER
Fig.3 Prediction results of wellbore circulation temperat-
ure field of Well X
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FEPI BRI 2 S A R A JE B K B I R
() 52 LA o BB A 2 80 IR 8 000 mj R
B 0213 m; HiJZ LA 837 1/ (kg C ), HLJZ %
2 645 kg/m’, Hb IR BE 0.023 1°C/m, HEFEIREE 15.3 C,
M2 S HEE 2.25 W/ (m-C ) ; HikE4ME 0.168 m, 4l
FEPIAR 0.151 m, S FERTR B E 7 800 kg/m’, &likE T
MFREA43.75 W/ (m-°C), Btk ILIEE 400 J/(kg °C);
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iR IR E1.73 W/ (m-C) ; TEIFHERE 13.2 Lis.
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Fig.4 Wellbore annular temperature profile under differ-
ent thermal conductivities of heat-insulating coating
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Fig.5 Annular temperature profile under different thick-
nesses of heat-insulating coating

H1 LS R0 . Bl B0 AT P B A I 2 JRE G K
T B 243 Y R 8 T AR UG, LR R R B — g R
Jei o R 7 B 2 3R 5 1 S o A AL kA, R
JEE it 5 B T PR B A O 22 D B 8 KT T v, A S IR
JEE S e AP A7 ) i 5 O AU 2 T 4 R T A IR AR
Ho TEAHFES IS 80, DG IRt B) S bR ik )2 S 504
PR, A FF P9 B AR 2 10 PR B K, B AT I 25 AR
PR BN, B AR T X B T P AR TR L T AR
A, G A P s e YRR R ARG 5 7 R TR R
e, BT IR B TR BR 2 B B TR AR A, T
DATE WSO [ #8250 R, T PO B A 0 22 V5
TS P 25 A5 VR 1) Ul B IR T JC B BB AT 5 8 I 11 B
U, R AR I PRI VE B AR 2 TR K
BT PR RS 8RR 233 Aol H VB R A P i D R
S A P A, M IR B % R P4 2 TR 1
R T o N I BR R 4.0 mm, FHAR
Hh 0.06 W/(m-C) B R AAIRZ I, AH LT 1 Z #0S
TR, IR AG PRI B B AR T 138 °C, BRI R IA 69%:;

TR N TR HORZ, HIRTEFR IR RRK T 95 «C,
PR GK 60%.

33 BRREKE

BT 2805 BT O RE PR AN AR, BT P B A
BRI SFRAEH 0.06 W/ (m-C) . G2 B4R
JEBE A 2.0 mm, & AE R R R 100 h, LA
i P B VAR AN [ 8 o AR A% 2 B 1 - 5 3 4 1 B 351
Ta7, &5 El 6 s .

Hi 151 6 AT 1 : Bl 5 FT P9 B A R 2 BE 1
J 7 PR 25 0 B 2 W AR, B AROR 2 K, I A
TP ARG 5 DR A, A TR o R I 7 U B B
PR JZ A B 8 RO AS W7 A8 6, T+ 0 30 3 ) i o B

PRz AR IO/ °C
0 40 80 120 160 200

2000

N
WRIZK 4800 m
NG )21 4000 m
NN —— ®JZK 3200m
! WK 2400 m
NN WRJEK 1600m
NN REK 800m

R /m

4000

I

6000

8000 -

6 TEKERAAETHIRZRNEERT
Fig.6 Annular temperature profile under different lengths
of heat-insulating coating
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