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Design and Optimization of a Composite Ground-Source
Heat Pump System for a Super Large High-Speed Railway Integrated Transportation
Yao Jingsheng
( China Railway Eryuan Engineering Group Co., Ltd, Chengdu, 610031 )

[ Abstract]  This paper takes a certain super-large high-speed railway comprehensive transportation hub as an engineering case.
In view of its large annual demand for cooling and heating loads, a power supply solution of a composite ground source heat pump
system is proposed. Through thermal response tests and numerical simulation, using Ansys Fluent and combined with measured
data, a comparative analysis was conducted on the two buried pipe layout schemes. The research results show that the optimized
underground pipe system (with a spacing of 4.3m and a depth of 120m) performs exceptionally well in terms of thermal stability.
The continuous heat release time in summer is prolonged by 6 days, and the continuous heat absorption time in winter is prolonged
by 18 days. From an economic perspective, although the initial investment of this plan increases by approximately 74.67 million
yuan, the annual operating cost can be reduced by 33%, and the dynamic investment payback period is approximately 5.5 years.
The research finally determined the key design parameters of the system, providing a reference for the design of the composite
ground source heat pump system of the same type of comprehensive transportation hub.

[Keywords] Combined ground source heat pump; Ground heat exchanger; Numerical simulation; Optimal design
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Fig.1 Annual variation of heating and cooling loads of railway station
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Fig.2 Annual variation of heating and cooling loads in the transportation hub

2 RMBEARRITSMK

N TR R LR B A AR A BRIR B T T &
X AN [ A IR 2XTT XS B A AR S T RATRE
Pem ] AR R IR A 28, AR AT H SLhRE oL, 12
H M RRIRIS T TR, HRE—: RAHEHRIE+
KBRS+ HIA A TR R
BIRABOKNLH+ LA PLH . d i il B A5
BT, e AR R

MRYEII7 AT, AT H & B RO R AR I A
1) X 35 kg ik 55 7 AN R e b3 MR [X 2 [i] (1 A
(WE 3, & HARZ) 50000m?. FE T3 AR
B, HiJR IR R R K SOW (14t bn it it
TPV, RIS T RGNS ER S [
W, Z5a e AT T AR, DR T 24 4

BRI, AT, A SO % OlRAR R
G FUPR = CRILRG) 4 BUBIT T A0 TR
B NAGHENSE, SRS BN | M 2 i

B =

B3 AR ER R

Fig.3 Schematic diagram of ground-source heat pump
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Table 1 Equipment selection and evaluation situation for scheme one

5 B AR B RETATY Sl R AER
i) /Jin/a) (i)
1 HIRHAIE LA 7813kw 1221kW/ & 2 859 1719
2 HJE K 5 1574m3/h 206kW/& 2 12 25
3 Fif AN K IR 1346m3/h 176kW/& 2 11 21
4 B0 A KHLA 16688kW 2781kW/ 4 2 1335 2670
5 WIRIKER 2874m’/h 376kW/ & 2 23 45
6 WEIKE 3363m’h 440kW/ & 2 26 53
7 M A A0 4372m3/h 175kW/ G 2 153 306
8 REIR KA 4788kW 766Nm*/h/ & 2 144 287
9 BeE 51 AL — 20kW/ 4 2 40 80
10 TEHR IR I 412m’h 43kW/ G 2 3 5
11 IR E R R R FALER 110m. FLIAIEE 4m {55 — 3100 fL 2.5 7750
R 12961

FRISAT M (R AT ARG DU TS BB 4 REAE) 2720




39 %5 6 1

Wt R R kSR S A B & SRR R gt 5L - 901 -

R2 ARIEFZFEBRITHIER

Table 2 Equipment selection and evaluation situation for scheme two
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Table 3 Comparison table of ground-penetrating pipe
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Fig.4 Schematic diagram of grid division for the double

U-shaped single pipe model
x4 BN TRREHTIRCER
Table 4 Summary table of single-channel test conditions

and simulation conditions
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Fig.5 Curve showing the inlet and outlet water temperatures of the ground heat exchanger and the average soil

temperature
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