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Abstract: The energy diaphragm wall is a new type of underground energy structure that combines the
dual functions of structural bearing and heat exchange. Underground seepage significantly impacts the
heat transfer performance of energy structures, necessitating in-depth research. Taking the energy dia-
phragm wall of the Shanghai Natural History Museum as the engineering background, a numerical
model was established using COMSOL multi-physical field coupling software to analyze the influence
of the heat exchange tube inlet temperature, groundwater seepage direction, seepage velocity, heat
exchange operation mode, and operation period on the heat exchange of the underground diaphragm
wall structure. The results showed that both the velocity and direction of underground seepage signifi-
cantly affected the heat transfer of the energy structures. Underground seepage could effectively allevi-
ate the heat accumulation caused by heat exchange in underground structures, ensuring the heat ex-

change efficiency of energy structures. Therefore, energy underground structures are suitable for geo-

* Wi B #3:2023-09-27; 12 [ H #1:2024-01-08
BB A (1987—) 5 BB 00T 1t . EZONF P @RS TR . E-mail:zjuhr@hotmail.com

901



logical environments with good seepage conditions. Intermittent operation of ground source heat

pumps can help restore the heat in the soil mass. Under long-term operation conditions, the heat ex-

change in energy structures is higher in summer than in winter. The research results provide a certain

reference for improving the design theory of energy underground diaphragm walls and contribute to the

development and utilization of shallow geothermal energy.

Keywords: energy diaphragm wall; ground source heat pump; COMSOL; seepage; heat exchange ca-
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Fig.2 Schematic diagram of geometric model

23 BBEEEAHITE

e A B Y T B B MR I A
B M R ATAR IR (5) TR

Q _ TCIO'Ude; (Zin 7 Tout) (5)

A, Q WA W Il , W5 0 WA 2, kg/m’s 0
NG FR K GEE ,m/s 50, A EERR T/ (kg C) 5d,,
ﬁﬂ%ﬁ‘]ﬁ% ’m;T|nﬂgﬁ%iﬁ7kﬁE 9°C;Toulﬁgﬁ%:

i,k R

903



R, C
) S A A7 R R R ] el XC6) BT A

_Q
=5 (6)

A, g R HAE B TR FE e i, W/ ms HONSRAE A

BORIE ,m
24 HMREHE

Fbr TR M AR R G as 7 i A2 P ) 2 36
S0 R e P R A PR T R A I T AR
R .

(1) g PRIETHR S5 R A 2 40 FL 4, HE S F R
T2 THURR 23 0N A X b P AR 3R G877 LR 5 ) o

(2) W FARBRAAAAE TR E B RIE T X5
TSN BIAY AN 77 A 50 T 1 855 67 Ak 98 O
RFFREAE

(3) M JZ 3 7y il BE AR5 AL

(4) Ptk Z BB E 221

2.5 MR EMREEIE

A5 o COMSOL 84 5 ik I ik 17 C.C.
Xia 86 FF & 10 R VR M T 3% SR 8% I A 050 o 6 B
A 56 b A B U B IR 2K, 4 A o IO U R
0.6 m/s, AR FE 35 °C, 55 R 40 B 23 °C, 1 )2
TN 16.3 °C, #ELEia 17 48 ho R 28 SR i 4 He
ANFEAE R o BT R A R S LR 1,

F1 WMTESEENLTEMRSH

Table 1 Material parameters of diaphragm wall and soil layer
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Table 2 Test and simulation scheme for heat transfer per-

formance of embedded pipes in diaphragm wall
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