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Convection - heat transfer coupling mechanism for closed-loop heat extraction
from hydrothermal resources using horizontal wells
GU Feng, LI Youwu, ZHANG Yue, GAO Ying, YANG Peng, WANG Anran, CUI Jingyun
(CNOOC Gas and Power Group, Beijing 100028, China)

Abstract: [Objective] Closed-loop heat extraction technology, extracting geothermal energy without draining
geothermal water, has emerged as a research focus in geothermal energy exploitation. However, there is a lack of
studies on the impacts of convection in reservoirs on heat transfer. [Methods] To improve single-well heat
extraction, this study proposed a technology of closed-loop heat extraction from hydrothermal reservoirs using
horizontal wells. This technology aims to increase the contact area between wellbores and reservoirs while fully
leveraging the convection in reservoirs. A flow and heat transfer model characterized by the coupling of horizontal
wells, circulating water and reservoirs was established to predict the heat extraction performance under
natural/forced convection in hydrothermal reservoirs and reveal the evolutionary characteristics of the convective
and temperature fields in reservoirs. [Results and Conclusions] Key findings are as follows: (1) The forced
convection perpendicular to the horizontal section in the reservoirs can effectively alleviate the thermal
breakthrough, significantly enhancing the heat extraction efficiency. Minor differences were observed in heat
extraction under natural convection and forced convection parallel to the horizontal section; (2) Compared to the
overburden, the reservoirs exhibited a predominant temperature increase of circulating water, with the temperature
increment per meter being 2.4 times higher than that in the overburden; (3) The evolutionary processes of
convective and temperature fields in the reservoirs were highly coupled. In the presence of only natural convection
in the reservoirs, the temperature field variation range and the Darcy flow active zone were limited to areas near
the wellbore, spreading along the radial direction. In the case where forced convection occurred, the temperature
and convective fields were asymmetrically distributed on both sides of the horizontal wellbore, with the lower
temperature zone and the lower Darcy velocity zone located in the downstream direction of the convection; (4)
The dynamic temperature recovery of the reservoirs were governed by convection conditions. Forced convection
can promote temperature recovery by accelerating the heat supply to areas around the wellbore, creating favorable
conditions for long-term operation. The results of this study provide a reference for the research and design of a
heat extraction system using horizontal wells.

Keywords: hydrothermal resource; horizontal well; closed-loop heat extraction; convection - heat transfer
coupling; natural convection; forced convection
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Fig.1 Schematic diagram showing the closed-loop heat extraction system of hydrothermal resources using a horizontal well
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Fig.2 Geometric model of a hydrothermal well
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Table 1 Parameter settings for strata in the model

ZH Hh g2 EE
(kg M) 2600 2300
ELHZRI(J kg™t-oC™) 1000 900
SHABUW mtoct 23 22
LB 1% 10 2
BIEE10* um? 100 0

R2 REFGEMRMHSHRBEE
Table 2 Parameter settings for casing program and

material thermal conductivities in the model

TiH HE
& H 7K VEAME/m 0.2445
EEIME/m 0.1799
EENE/m 0.1661
RIE N ESME/m 0.114
TRIRPE N AR /m 0.076
K Je FAREAH/ (W-m™C?) 0.8
EEFRAHY/ ( W-m™CY) 40
TR SR AR/ (W-m™CT) 0.02

R rp % B R T 15°C, HuiR B 3°C/hm,
Hh R PR UEAE, G JETHIE 2450m A1)
Hb SRR E o i T 1) R 0 K g, B I
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Fig.3 Gridding and its impacts on the calculation results
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Table 3 Thermal conductivity settings of well HGP-A

[29-30]
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EScd 8060 400 43.75
PRI 7850 465 435
& H K T 2140 2000 038
=5, 0.225 1013 0.026
Hi 2 2650 920 238

%4 HGP-AHHLEIEEX
Table 4 Parameter settings for the casing program of well
HGP-A P23
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Fig.4 Comparison between the simulated and measured data
of well HGP-A (modified after references [29-30])
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Fig.5 Time-varying heat extraction performance under three

convection conditions of reservoirs
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Fig.7 Time-varying formation temperature field under natural convection

B8 J R 1 B XHIAT Y Y 77 [ S5 A1 T i 2 iR
FES 9345 o KV BAR [N L AT 5 B SRR 2R T
BARANE, AEF TPk 2R 2 BLRL “r” B
AEXS PR A o AEXS UL T U7, ok = TR T i
BoR, HEEE BN EET, BERIZHTT K. X
R PO UG R A, 1] Q13 X T B, A
Asss 2020

2480
= 2490

2420
2430
2440
2450
2460
2470
2480
2490

E/m

XU IR EEAE R, S )Xo iR S £ A 32 RS
fIRIEIX “H5a 7 ZXHR X . 1847 120d J5,
B G2 26.0m. TAEXTR BT IR, AR
DX 3o 2 4 52 78 B B L e S R AN 2 A2 IR
SAELRME R 0L, EA A A 2R IGEE
RAS . 2 D0 T R AR R B 1 AR R R AE

A 885

80
75

—

2500 ll65  =¢2500
- 2510 60 2510 60
2:;3 55 ;:;g 55 -500 -250 0
2540 50 2540 50
2550 e 2550 45
2560 2560 46
2570 40 2570
2R w367 2980 v 358
-50 0 50 -50 0 50
Y/m Y/m
(a)X=-50 m [ (30d) (b)X=-50 m 1 (120d) (c)Z=-2500 m 7KFE(120d)
90
80
70
60
S50
—=—10d
*—30d
40 ——60d
+—90d
+—120d
30 . . . . \ )
-30 -20 -10 0 10 20 30
Y /m
(d)ab #Zk

B8 Y FHEEEHXRER TR IR E ARG B =

Fig.8 Time-varying reservoir temperature field under forced convection along the Y axis
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Fig.12 Reservoir temperature recovery under forced

convection along the Y axis
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