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Abstract For an office building in Zhengzhou, the ground-source heat pump (GSHP) system meets only the heating demand, cannot
provide cooling, and its long-term operation leads to soil thermal imbalance and performance degradation. Based on measured data, we
first verified the accuracy of the TRNSYS dynamic model, providing a reliable basis for subsequent operational analysis and control
strategy research. On this basis, the operation process of a single GSHP system was analyzed, an air-source-ground-source heat pump
(ASHP-GSHP) coupling scheme was proposed, and a hybrid PSO-GPS algorithm was used to optimize a dual-threshold control strategy
with the goals of system economy and soil thermal balance. The results show that under the temperature control strategy, the annual
average system COP remained basically stable at about 3. 24 over the 10-year operating period, with a cumulative soil temperature rise of
0. 35 °C; under the load control strategy, the annual average system COP remained basically stable at about 3. 05, with a cumulative soil
temperature rise of 0. 38 °‘C, and the economic performance was the best, with a payback period of about 4. 26 years. Compared with the
original heating-only system, in which the COP declined and the soil temperature dropped by 7. 47 “C, the coupling scheme effectively
improves system efficiency, maintains soil thermal balance, and reduces CO2 emissions by approximately 11 000 kg annually. This study
provides a reference for the optimal design and efficient operation of cooling and heating cogeneration systems in office buildings located
in cold regions.

Keywords ASHP - GSHP coupling; combined heating and cooling system; operational control logic; PSO — GPS optimization algorithm

b P IR DR HG g BT RE RN IR AR AL e, e Sl
FRDE R A R R A S a2 Tz T E
TEFR 7> TRE , Z BSOS T RIS , R 52 U]
TA M R R U 5y S i
AR T, 155 RO VERE RN 251

Wk H 41 :2025-08-23 ;& 0] H 1. 2025-11-06; 5 H 1. 2025-12-02

FRE SR A e R e T OR o A R AR
PRV IR 2 R A 2 05, T O SR A A TR
T AR IIE AT 5 51 A PRHEAR” i A SR T
e PERE RS B IE T ST A SRS i B
I HH IR A — WA T U N . i



PRSP AL, [ N AN E B BR  T 2R AR,
-2 B G IB AT R IR RE SR
Horp, A IR R GE N RS VRN 2 Y B AMRR T, 98
IR AR T R G PERE A A RE A, (H% $v it 7y
e 5547 il S A FEATS AN FE 40

AT T RSP Bt TR £ B — Ml AR
G T UG 1 HE AL A - R A A
RGNS BRI, 73 T R G AP TR 11k
A, 1 F e 08 67 Ay 70 T A0 9 2 47 il SR s 4 1
Ao .

1 R& 948

ARG S IR PICENL IR 3
A ] s B Z2 IR U P R 2 B, 4% 4 Bhis 4
R CANTET 1 R) o FERE R , AR fIE4 1
P RAR T BT 5 19 10% B, 2R G ORFHFHLIRE 5 41t
P B0 A S (K T 7 45 °CL I 0L PR
I KR EEFE TR E 7 °C, LA IR 5 N BAGET i S R GE

e

1) b 5 AR TR A R 155 52 TF i PROE ML K IR
P2 KA P3 1] V2, HATHL 1A o i A He
PERIUHE N, 28 MR AIR 5 A5 38 55K s

2) 55 SRR AL A TP I R ML K3
P1KZEP3 IT VI, HARdifF k], ddsshas <
SRR | 2 AR J5 15386 25 K s

3) 75 RURFE A Mo VR A QR EE ) ) - Pl (it
PRI, 2R G0 AR Al PR T P 0 B (B AT W, R Sk
PEHIE H I AIRIE AT o Y IRER IR A R TS AR A
FIstThT, 8 8 as TUEGE OKE PLP3 A VI
Z P4 2 AR S Bk P2 PRI ] V2,

4) 73 SR A R I (B g B ) < AR it
VeI, ZRGEAR IR SR 17 o7 232 B AR R B RIS TR
S B B far AR T BB, 85 I S HL IR B
FFIR K ZE P2 K FE P3 I 1T V25 24 52 B £ fp o 1 T
T AL, 6 R 43 vh 23 ARUR AR 4 R )i 3
JKEEP1 JKHEP3 R @1V, LB A sk .

N vt == iy s
) s —| S e =
it
Pl @P}
D><]
HUBEF i vi
i | |
I —
A
FHLAH ¢
V2 N

Q

P2

E1 R245EE
Fig.1 Principle of the system
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Tab.1 Main envelope structure parameters
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Tab.2 Indoor design parameters
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Fig.4 Simulation model of the system
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Tab.3 Soil parameters
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Tab.5 Parameter optimization range and results
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Tab.8 Initial investment of each equipment and payback period
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Tab.10 CO, emission reduction
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Fig.15 Comparison of monthly average temperatures in

different cities
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