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Heat Transfer Research on Food Frozen by Cryogenic Liquid Nitrogen

Fang Jinlin' Liu Jianhua'® Liang Yaying' Zhou Xiaoqing'

(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai,
200093, China;2. Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering, Shanghai,
200093, China)

Abstract To study the heat-flux change and cooling rate in the freezing and heat-transfer process of liquid nitrogen, a low-temperature
liquid-nitrogen experimental device was made. It was based on the idea of the direct contact heat exchange with the food after the liquid
nitrogen vaporized. The experiment was conducted at seven temperature regions ranging from —50 °C to —170 “C with -20 °C interval.
A potato was frozen from the initial temperature 18 °C to the freezing point — 18 °C. The average heat flux and the temperature distribution
of the heat-transfer process were calculated using a curve-fitting formula. The heat-flux change and temperature change rate were analyzed
to obtain the most appropriate nitrogen temperature. The results show that when the nitrogen temperature is — 122. 87 °C, the heat-flux
growth rate reaches the maximum. As the temperature continues to reduce, the heat-flux growth rate decreases; at this point, part of the
heat gathered internally from the food results in wasted energy. The temperature change rate for different interfaces was calculated when
the food-center temperature was —3 “C, and the optimum nitrogen temperature was found to be —133.11 °C. This was only 6.71% dif-
ferent from the previous result. Thus, the optimum nitrogen-freezing temperature is about — 128 °C, which can ensure the rapid freezing
of the food and improve the effective utilization of the nitrogen.

Keywords frozen food; cooling rate; freezing point; heat flow; fitting formula method
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Fig. 1 Liquid nitrogen freezing potato experiment device
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Tab. 1 The calculation of food average heat flux at different nitrogen temperatures
AL, C -50 -70 -110 -130 -150 -170
PRESIE] 7/ min 38.1 31.3 16. 8 12.3 10.0 9.2
F, 19. 57 16. 10 13.52 8. 64 6.32 5.16 4.76
Q/Q, 0.99 0.99 0.97 0.90 0. 81 0.74 0.71
Q./ W 0.75 1.17 1. 68 2.87 4.10 5.22 6.08
(d@,/dy,) x 107 -3.90 -18.54 -34.62 -46.38 -48.06 -33.90 1.86
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Fig. 2 Food average heat flux at different

nitrogen temperatures
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Fig. 3 The heat conduction function of food
average heat flux at different nitrogen

temperatures
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Tab. 2 Various interfaces temperature distribution at different nitrogen temperatures when food center dropped to —3 °C

AR, C

NGRSl R A

r=0 cm r=0.33 cm r=0.67 cm r=0.90 cm
-50 -3.05 -3.57 -4.34 -4.88
=70 -2.88 -4.05 -5.18 -6.75
-90 -2.97 -3.86 -5.17 -6.79
-110 -3.16 -4.14 -5.80 -7.53
-130 -3.08 -3.58 -6.64 -9.59
-150 -3.12 -4.09 -7.78 -12.97
-170 -3.27 -4.52 -8.51 -14.25
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Tab.3 The temperature change rate of food different interfaces at different temperature

RABEE, C

NGRS
-50 -70 -90 -110 - 130 -150 -170
r=0.33 cm -2.14 -3.16 -3.28 -4.17 -6.47 -7.70 -8.09
r=0.67 cm -2.17 -3.71 -4.4 -5.32 -10.24 -13.83 -14.99
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Fig. 4 Temperature change rate of r =0. 33 cm interface
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Fig. 5 Temperature change rate conduction function of

of r =0. 33 cm interface
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Fig. 6 Temperature change rate of r =0. 67 cm interface
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