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Measurement of Refrigerator Cooling Capacity Loss and Improvement
of Its Thermal Insulation
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Abstract In the present paper, the cold loss of a fridge when unloaded was studied through an experiment, and an improvement was pro-
posed. First, the heat transfer process between the fridge interior and the external environment was simplified into a one-dimensional heat
conduction process. On an all-weather simulation experiment platform, to investigate the effect of ambient temperature on cooling capacity
loss, the ambient temperature was set to 5, 10, 15, 20, 25, 30, 35, and 40 °C with a fixed ambient relative humidity of 80% . To inves-
tigate the effect of ambient humidity on cooling capacity loss, the ambient relative humidity was set to 55% , 65% , 75% , 85% , and
95% with a fixed ambient temperature of 25 °C. The temperature of the inner and outer walls for every combination of the above two series
of parameters was measured when the refrigerator was unloaded. According to the Fourier heat conduction law, the heat flux of each wall
can be obtained, and then the cold loss is calculated. The results show that the cold loss of the refrigerator increases with ambient temper-
ature, and the ambient humidity has no effect on cooling capacity loss. The cold loss of the refrigerator back wall is obviously greater than
that of the other walls, while that of the top wall is smaller. The insulation of the refrigerator back wall is thickened to decrease the entire
cold loss, and the insulation of the refrigerator top wall is made thinner to guarantee the refrigerator storage capacity. This leads to an ap-
proximately uniform cold loss distribution of the refrigerator walls.
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Fig. 1 Variations of effective thermal conductivity of

insulation materials with ambient temperature
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the variable thermal conductivity
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Tab. 1 Technical parameters of fridge

HARFEHR E 2
A BCD-310WM
=i SN/N/ST/T
SAREBVL 310
BIHREARER/L 96
BURBEST (24 h) /kg 14
ZERY/ 220 V/50 Hz
L (24 h)/(KW-h) 0.73
REALSE 1%
HE LTI/ A 0.7
INER S (B8 x B x ) /mm 625 x 681 x 1830
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Tab. 2 Temperature test points of fridge
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Fig. 4 Temperature variation of the refrigerator back

wall at ambient temperature being 5 °C
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Fig. 6 The relation between the total cold loss of

fridge and ambient temperature
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Tab. 3 The calculated heat flux among different walls before improvement ( W/m?”)

A Iy JEL A VI Vi &S
R /mm £l EIE EhH £y

VI TR TR YR UR R RUR
£ EX) v EXE] =Jh EViS

/C 40.0 49.0 49.0 35.5 31.5 70.0 69.2 69.2 74.4 81.8
5 0.48 0.53 0.53 0.86 0.24 2.82 2.46 2.46 2.85 2.18
10 1.40 1.57 1.53 2.51 1.16 3.49 3.16 3.13 3.60 2.62
15 2.54 2.68 2.68 4.29 2.14 4.16 3.68 3.66 4.21 3.07
20 3.85 4.05 4.02 6.37 3.31 4.86 4.27 4.21 4.83 3.46
25 5.00 5.02 5.08 8.02 4.16 5.50 4.83 4.77 5.47 3.85
30 6.06 6.19 6.19 9.73 5.02 6.03 5.33 5.27 6.00 4.24
35 7.59 7.70 7.70 12.12 6.18 6.75 6.00 5.94 6.75 4.72
40 8.96 9.24 9.18 13.90 7.53 7.45 6.61 6.56 7.48 5.19
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Fig.7 The relation between the whole cold loss of

fridge and the ambient humidity
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Fig. 8 The relation between the thickness of
refrigerator back wall and the cold loss at ambient

temperature being 25 °C
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Tab. 4 The heat flux of each wall after improvement ( W/m?)

W R R VR &g s 2 RIR RIR TR R TR
i /mm EXN| SV v e] V] L EX) ESV EhH V] EY/iS
/C 40.0 49.0 49.0 35.5 31.5 70.0 69.2 69.2 74.4 81.8
5 0.48 0.53 0.53 0.51 0.36 2.82 2.46 2.46 2.85 2.18
10 1.40 1.57 1.53 1.59 1.44 3.49 3.16 3.13 3.60 2.62
15 2.54 2.68 2.68 2.77 2.72 4.16 3.68 3.66 4.21 3.07
20 3.85 4.05 4.02 4.05 4.10 4.86 4.27 4.21 4.83 3.46
25 5.00 5.02 5.08 5.13 5.18 5.50 4.83 4.77 5.47 3.85
30 6.06 6.19 6.19 6.26 6.36 6.03 5.33 5.27 6.00 4.24
35 7.59 7.70 7.70 7.74 7.74 6.75 6.00 5.94 6.75 4.72
40 8.96 9.24 9.18 8.87 8.67 7.45 6.61 6.56 7.48 5.19
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Fig. 9 The relation between the total cold loss decrease rate

of fridge and the ambient temperature after improvement
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