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Performance Analysis of a Novel Solar-assisted High Temperature
Heat Pump System

NING Jing-hong, LIU Hua-yang, WANG Run-xia
(Tianjin Key Laboratory of Refrigeration Technology, Tianjin University of Commerce , Tianjin, China,Post Code; 300134 )

Abstract; In order to reduce the compressor discharge temperature and optimize the heat pump system
performance, a novel solar-assisted heat pump system is designed, which uses solar collector to heat the
compressor exhaust and uses steam sensible heat to produce high-temperature hot water. Combined with
the solar radiation conditions in Tianjin, the feasibility and thermal performance analyses of the novel so-
lar-assisted heat pump system are carried out, its performance is compared with that of the direct expan-
sion solar-assisted heat pump system, and the annual operation performance is analyzed. The analysis re-
sults show that by increasing the evaporation temperature, the system can reduce the discharge tempera-
ture of the refrigeration compressor, increase the solar heat-collecting capacity and improve the perform-
ance of the system. When the evaporation temperature is — 10 to 10 “C, the heating performance coeffi-
cient of the system is 3.8% to 5% higher than that of the direct expansion solar-assisted heat pump sys-
tem, the comprehensive coefficient of performance (COP) is 1.9 to 2 times of the latter, the monthly av-
erage comprehensive COP of the system is increased by 21.2% , and the annual power consumption is re-
duced by 7.7% .
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Fig. 1 Schematic diagram and p - h diagram of a novel

solar-assisted high temperature heat pump
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Fig.2 The effect of intermediate temperature

on heat pump performance
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Fig. 3 Influence of evaporation temperature on

£E4COP

heat pump comprehensive performance
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Fig. 4 Influence of condensation temperature on
comprehensive performance of condensation

total heat recovery system
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Tab. 2 Parameters of each state point of a novel

solar-assisted high temperature heat pump

Yt/ {857

RAE o MRESC RS/ kPa ]
kJ - (kg - k)~ kl - kg~

1 6.376 -20.0  190.08 1 580.83
2 6.376 100.3  1034.53 1 826.10
3 6.654 145.0  1034.53 1 936.03
4 1.896 26.0 1 034.53 465. 62
5 1.970 -20.0  190.08 465.62
6 5.779 -20.0 1034.53 1627. 18
7 5.779 146.8 4 610.02 1852.94
8 2.809 85.0  4610.02 772.20

WIS B i aed oA 78 I RE X HE R 3 OR
FH 4 Bl R A5 8 K BH RE 4 B AR 1 il SR PR fE
PN A, BE S R IR B I T, AR TR RE R R
R, K BH B Bh PR A 1 E AR R Fil 2 A IR Y
Thim PE AR S o 3R TR 28 AR Y T
i, AR BLRE i Zb , AR e i AL 0% HE L BE AR
K PH BB P A EA R Dl 2, S PR B A, Pk g
FETFEWI S X AR AR EE N — 10 ~ 10 °Cif AL
RGMERE R B, 1A BE AR B LI 2K BH fE #4
AR 3.8% ~5% LG TERE R B R1.9 ~

21,

30
—— LK RS AR AL
N TR
25 | —4— FRAREMBIAR LA Pt
20
=W
=}
o
15
10+
5

ZERIBEIC

B 5 ZEAREXKEEHBMARERNTMN
Fig. 5 Effect of evaporation temperature on the

performance of solar-assisted heat pump
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Fig. 6 Effect of evaporation temperature on the

heat-collecting capacity of solar-assisted heat pump
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of high temperature heat pump
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