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Research Progress of Compression Heat Pump Coupled with Heat Storage
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ry, Kunming, 650550, China)

Abstract The application of latent thermal energy storage with heat pumps has been extensively studied in recent years. The combination
of phase change heat storage and a heat pump can improve the performance of the heat pump and the utilization of renewable energy;
however, further cost reduction and efficiency increase are required. Therefore, this study reviews the progress of heat pumps coupled with
solid-liquid phase change materials and summarizes the applicable conditions and characterization methods for phase change materials
applied to heat pumps. The optimization approaches for the performance of the heat pump system are summarized, including the selection
and improvement of phase change materials, the optimal setting of the heat exchanger, and the dynamic optimization control strategy of the
system. The outstanding performance of heat pumps with cascade heat storage in improving the supply-side comfort and utilization rate of
renewable energy indicates the broad prospect of cascade heat storage being applied to heat pump energy storage systems. Herein, mixed,
non-eutectic phase change materials are proposed as alternative materials for cascade heat storage. Notably, summarizing and developing
new methods for adjusting the thermophysical properties of phase change materials for energy storage is necessary for adapting the selection
and improvement of phase change materials to the optimization of the thermodynamic cycle of cascade heat storage devices and further
improving the heating decarbonization ability of latent heat storage heat pumps.

Keywords heat pump energy storage; latent heat thermal storage; phase change material; cascade heat storage
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Fig.1 Application of PCM in compressed heat pump
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Tab.1 Thermophysical properties of single phase change material used in a heat pump system
2 AHAE R AHAS IR/ C FIE/ (kg/m’) SHER/ W/ (m-K)]  FEERY (K/ke)
TeHLBL B CaCl, -6H,0"* 29.9 1710 0.57 190.0
ik T4 2.0~4.0 880(s)/770(1) 0.20 180.0
L2 21.0 850 0.20
£l C21H445 40.0 800 0.14 220.0
VaLiES
11l RT-44HCP 43.0 860(s)/760(1) 0.20 255.0
AlE(P-116) 44.0 817 0.16 226.0
A 30 53.5 810(s)/790(1) 0.21 266.0
E g R 31.6 878 155. 4
HHL R B 2, 1% 60001 52.0~66.0
T fE R 58. 1 965 0.29 169. 0
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Tab.2 Thermophysical properties of composite modified phase change materials used in heat pump systems

A FAAER R HAEIR I/ C SIMEH/ W/ (m-K) ] MR (K/ke)

35% HHEMR/65% %5 i 19.8 0.14 133.2
60% %52/ 24% A HERL/10%Si0,/6% EG™® 1.53 109.2
33. 8%t /41 1%+ VUEE/20. 1%+ 75B/5% EG™ 26. 1 172.2
80% 1711 /20% EGH 27.3 9. 80 156. 6
FCA/ R4 Jt 1> 33.9~35.8 0.48~0.53 211.7
SAT/AC A& 47.8 219.8
SAT/KCl Z &9 47.8 242.0
10% B /R / 90% 624 47 il 14! 29.6~59.0 192.5
75% 11 45/25% EGH 52.0~54.0 5.38 140.0
36% WG TR/ 64% kiR R 52.3 0.28 181.7
41%MgCL, - (H,0) ,/59%Mg(NO, ), - (H,0) [ 40.0~65.0 0. 60
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Tab.3 Methods for controlling the supercooling and melting temperature of phase change materials in heat pump systems
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