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Abstract To strengthen the heat transfer of a phase change cold storage panel to match the variable cooling demand of refrigerated trans-
portation, this study proposes a type of phase change cold storage panel with embedded heat pipes to quickly balance the heat load fluctua-
tion in the logistics process. The discharging performance of the heat pipe evaporation section under a high heat load is experimentally
studied. A dynamic analytical model is developed for the cooling process based on the thermal resistance analysis method. The results
show that under the condition of a high heat load, the dynamic characteristics of the heat transfer process for the heat pipe side are ob-
served. Under a 50 °C working condition, the highest average heat transfer rate reaches 42. 50 W. The temperature difference and heat
transfer rate at the airside calculated by the model are consistent with the measured data. The calculation error of the overall cooling ca-
pacity is =3.21%~6. 16%. The model is used to simulate and analyze the cold storage panel. In the simulation cases, the average heat
transfer rate reaches 88. 72 W with four heat pipe rows and a 16 mm tube diameter. The average heat transfer rate reaches 112. 54 W with
an evaporation section length of 80 mm.

Keywords phase change cold storage panel; heat pipe; heat transfer enhancement; thermal resistance analysis method
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Fig.1 The experimental system
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Tab.1 Average heat transfer capacity of the cold storage

panel with different inlet air temperature and air speed

e SR EN -2y - A
IR/ C K/ (m/s) HAR/W
1 30+0. 29 2.93x0. 15 22.17+0. 53
2 30+0. 27 3.59+0. 18 23.67+0. 55
3 30+0. 15 3.93+0. 20 25.330. 56
4 400. 39 2.9320. 15 30. 330. 78
5 40+0. 18 3.59+0. 18 32.33+0. 61
6 40+0. 20 3.93+0.20 35.17x0. 98
7 50+0. 34 2.93+0. 15 36. 83£0. 69
8 50+0. 21 3.59+0. 18 39.50+0. 71
9 50+0. 48 3.9320.20 42.50+0. 74
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Fig.2 Transient variation of the temperature difference

between inlet and outlet of airside
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Fig.3 Distribution of heat transfer unit and

thermal resistance
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Tab.2 Calculation formula of thermal resistances
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Fig.4 Validation results of temperature difference between

inlet and outlet of air side under different air velocity
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Tab.3 Effective thermal conductivity utilized by the model

with various experimental conditions

S M LR E ARFHAEE/ (W/ (m-K))

30 1. 56
40 1.77
50 1.99
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Tab.4 Simulation error for total cooling capacity

215 ij]? PR TRZE/ %
ER /K]

1 612.09 2.12
2 585. 01 -2.40
3 580. 18 -3.21
4 615.08 2.62
5 622. 86 3.91
6 614. 38 2.50
7 606. 92 1.25
8 626. 40 4.50
9 636. 31 6.16
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Tab.5 Specific parameters for simulation analysis
=] 28
P HREL 234
PAFHME/mm 5.0.8.0,12.0,16.0
MR BB E/m 50.55.60.,65.70.75 .80
PR EREFIARE (W/ (m-K) ) 377
AL EA R AR R (W/ (m-K) ) 1.56
HAAE A K
23 SR EE/C 30
2R RH/ (n/s) 2.93
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Fig.5 Effect of outer diameter and number of tubes on

the transient heat transfer rate
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Fig.6 Effect of evaporation section length of heat pipes on

the transient heat transfer rate
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Tab.6 Filling factors of the phase change materials
gy TH S rmfen mkRm
H mm R/ W %
4 8 68. 13 97.21
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3 3 5 44. 64 94. 42
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