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Performance Simulation of Air-ground Hybrid Source Heat Pump Systems in
Northern China
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(1. School of Architecture, Tsinghua University, Beijing, 100084, China; 2. School of Environmental Science & En-
gineer, Huazhong University of Science and Technology, Wuhan, 430074, China)

Abstract The air-ground hybrid source heat pump system can realize indirect air-source heat pump mode and heat compensation mode
through an air-water heat exchanger, which could compensate for the difference between heat extraction and heat injection to the soil. This
could solve the problem of soil heat imbalance caused by the long-term operation of the ground-source heat pump system in northern China.
In this study, the residential buildings in five cities of northern China were used as examples and a model of air-ground hybrid source heat
pump system was established on the TRNSYS platform. To minimize the number of ground heat exchangers and ensure a good heating
effect, the matching design of ground heat exchangers and air-water heat exchangers was explored and the performance and reduced num-
ber of ground heat exchangers of the air-ground hybrid source heat pump system were simulated and analyzed. The results showed that the
maximum reduction ratios of the ground heat exchangers in Harbin, Changchun, Shenyang, Beijing, and Jinan were 29% -43%, and
0. 029-0. 050 m® of air-water heat exchangers were needed per linear meter of ground heat exchangers. The air-ground hybrid source heat
pump system with a reduced number of ground heat exchangers could provide a stable soil temperature during a long-term operation. lIts to-
tal cost saving rates for ten years were 12. 6%—25. 3%.

Keywords ground-source heat pump; air-source heat pump; residential building; matching design; clean heating
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Fig.1 Air-ground hybrid source heat pump system
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Tab.1 Operating modes of air-ground hybrid

source heat pump system
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Tab.2 Climate zone and heat transfer coefficient

of envelop structure
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Fig.2 Floor plan of the residential building
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Tab.3 Statistics of heating load
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Tab.4 Main equipment selection
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Fig.3 TRNSYS model of air-ground hybrid source heat pump system
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Tab.5 Control strategy
(252N ¥ K& LKA deae thiaee]
CSHP Hist Pl P, g, P2, frmg s,
e T,<5C T,<6C T,<8C T,<10C T,<13%C
I ASHP Biat Pz, g, B, P, g,
* T,>5 T,>6%C T,>8<C T,> 10 C T.> 13 C
T BB IR A S [ A 1 o e R S | S e S g o e S | A e SR T SO | 8191 e S T S
AR

T,>16 C T,>18C

T,> 20 C T.>24C T,.> 26 C




g2t £2H e et A s Vol. 42, No. 2
2021 & 4 A =S5 TEE GRRRAEI T X AT ERIZ TR April , 2021
SR W)

3 HRDH G T EABBEBE K
3.1 EEREHAR < w0l 006 % &

T AR S I TR R A, 21 J o B
MR AT BRI T, R0 M B AT = Joos £
WG ORI S0, 680 M R R ) = 0.02 o
e, i e T A, 380 3 48 K2 A B 2 > 2 10f 0.01 ¥

0

HefEHR T, 2 LRI, A R B A B 28R 1 i
PET BT A Ik T b A R i D S Y S R AR
S ICEC T R S R R (T
LR TR 6 M LB el R BN E 4 FrR,
2 6 FNIE 4RI, Bl 25 30T 26 B el | i 2 R
(1) I T S A8 DE L 7 8 A b R S0 240k /) | M
D B | 23 R e R TR i 3 A K B A L B8]
R E T

P REE K L 3 ALK, =& A
WD HA | 23 AR A A T R b A K B AR R
[F), FH LT3 7 58, >R BT DT IE T 58 B A b 2 A5
B W 2 29% , B R SE DK Ml I AR X6 7 DG
0.029 m® Y% A AER AL X FAL st b X, AH HE T
WIS, SR AT VCBC Ty SE I ] e b 2 A 5 ek D 24
40% , G A 9 K by A8 575 65 B PEBE 0. 040 m® (125
S BAERTEAL X T ORI X, M T R 2 R
BVCC J5 58 B ] H b 245 0t ek /D 2 43 %, R
B K Ml LAY 75 X5F B VT E 0. 050 m? 0 23 K fe 2%
T,

Ko igEER

Tab.6 Equipment selection
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Tab.7 Statistics of soil temperature
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Tab.8 Unguaranteed heating time
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Tab.9 Energy consumption and energy saving rate of heat pump systems
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Tab.10 Annual cost
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2 13.3 11.9 11.4 10. 1 9.5 8.1 7.7 6.0 6.5 4.9
3 13.4 11.9 11.5 10. 1 9.5 8.1 7.7 6.0 6.5 4.9
4 13.5 11.9 11.5 10. 1 9.6 8.1 7.7 6.0 6.5 4.9
5 13.6 11.9 11.6 10. 1 9.6 8.1 7.7 6.0 6.5 4.9
6 13.7 11.9 11.6 10. 1 9.6 8.1 7.7 6.0 6.5 4.9
7 13.8 11.9 11.7 10. 1 9.7 8.1 7.7 6.0 6.5 4.9
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Tab.11 Statistics of cost and saving rate
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