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Abstract

The heat transfer efficiency at the interface between rock masses and geothermal well cement
plays a crucial role in determining the heat transfer properties of geothermal energy. During con-
struction, a water film invariably exists at this interface, often overlooked due to its small scale,
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yet it significantly impacts the interface’s thermal transfer efficiency. Thus, this paper delves into
the influence of moisture on the interface between rock masses and geothermal well cement at
the atomic scale. We discuss the thermal transfer efficiency under the influence of water films of
varying thicknesses and further analyze this efficiency from the perspective of interface func-
tional groups. The introduction of hydrogen bonding sheds light on the reasons behind the weak-
ened interface thermal transfer. This study aims to unveil the underlying reasons for the low ther-
mal transfer efficiency of geothermal wells, and to provide guidance for controlling indicators
during the construction process, thereby establishing a theoretical foundation for achieving effi-
cient geothermal conduction.
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Figure 1. A simulation model diagram, including SiO2v H20. C-S-H and a combination
model of the above three. C-S-H serves as the heat source, and SiO2 acts as the cold source

E 1. #HURBRER, 84F Si02y 0. C-S-H MUK bk =EMEE1ESR, C-S-H
TERIRIRERSY, SiO2 1ERAIR

WiE 1 iR, SiOyy K7 FH1 C-S-H 45 & ii— N RJZHA . 1AL T /KA AR 52 71 5 %2 B 2% 1)
Z AR SR, BV €A A E C-S-H, FE0 e Ml b2 SiO, it inte e (1 ) bR, i 5 e /K AR 7E
BN ) i A2 P A 52 Dt . AR R TR T 0 197ZRAk, AT AHEWT /KR 7E B SRIRES T IR RS
XoF AR K R B A Y, 7 B A 5T 0 7 2 U B AR AR BDIR S

R FH R T 5T/ 23 7 R BUARE H47 B4 3 (LAMMPS)i#: 47 . C-S-H A1 Si0, 18 /i Clayff 113, % /1%
AT DA BT (R AE ELAE RO AS R 2R 000, SRR AP 4. Mt Jorle y Mg A IR . 23 ae
FRIN N TR TSR Ve M BT R ST H0 FI¥RSE, N SHAKE Sy SR 1R AUR 7 2 8] ) A
AETHAT AR, DAIRCD 5 B T R K W sk 3l . 2 (AH B AL G Va AR A g A B 0T, HIT 3 H 4
J5-F AR S5 1 Z [A]¥) Lennard-Jones 4k o YE4E4EJJ7E 1.2 nm ALK, KALEEC A BAE AL R T - KL
T KT - WA (PPPM)SIE TR . FEAWF L, # G2 NVE REE P 1 ) P o 30 ) F A0
o ZT R OB b I A R e, et I8 A e R R . nlE 2 R, C-S-H/H20/Si0;

DOI: 10.12677/hjce.2025.141014 113 TARTHE


https://doi.org/10.12677/hjce.2025.141014

%

AR T A TR RE 2R

350 ——C-S-H 1

w
[N
W
T
1

Temperature(K)
g

|
AT |
I
275 F I IN'M"‘“"‘*\-«\ 1
250 E
0 3 6 9 12 15
X(nm)

Figure 2. The equilibrium temperature curve of the C-S-H/H20/SiO2 composite
model. The temperature difference is obtained by averaging the common linear part
between the surface temperature of C-S-H and the surface temperature of SiO2

& 2. C-S-H/H0/Si0: tA A HEEM PR E Hh%k . BEEREBE C-S-H RER
FEF0 Si0: FRELRE 2 (B2 E 214 80 57 B F I ER1SHY

3. ZRE5WiE

LM ENC-S-Hy SiO)ANF, AR F 1 7P H BREIEE 5, USR8 W8 RS
k. Wl 3 fn, OKZEEEE 2nm B, BASRINRSEEAZKZEERIEN . S8, EPPRR
E b, BT HEKBEES GRS, R ERTKEMMRN . W ERTR, {FF7E R AR T
DI H 2 P BUKAE S HAZ R 2R T b B 2 G P W o B 7K 2 SR FE RIS, AAAE 7K ) 32 B AR FE 38 o,
IKEER AR ] Bzl £ R T AER . BRI, X T/KZERENT 2 nm IO, TEHR—PHE.

FTHASHA, TATHE T 4K ERE/NT 20m i, G 5KEEEMXZR. M/KEEEBT 1.0nm
B, G&ASRELI. HKZEELCH 0.8nm B, GIEINT ) 20%, X5EA G FEAEE K &9/ PG
MR . PEZERZH T ENRSRER EERNEAR. SaBEAKZE T G BEKEERER/N
TS E 360, AT LLUA PR 52 BR 25 [A] R R T 7K 1 258 2 4k

b
@ 450 | | _®
% 20 F
&400 b 1 _15¢ :
E \\ "',\\ ‘I
s % ___________ % & 1.0+ ;oo
5350 - <
0.5
300 L : ‘ : 0.0
0.4 0.6 0.8 1.0 0.8 1.0

Figure 3. (a) The variation of surface thermal conductivity (G) with the thickness of the water layer (W); (b) Density distribu-
tion of water layers of different thicknesses
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Figure 4. (a) The probability distribution of the dihedral angle @ in water layers of different thicknesses; (b) The variation of
the probability distribution fluctuation value o with the thickness of the water layer W
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