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Study of food cooling and refrigerating process

Tsutomt NAKAOKA®, Tetsuya NISHIDA®,
" Junya ICHINOSE? and Yasuyuki IKEGAMI™

*Nationa] Fisheries University
2-7-1 Nagatahorrmachi Simonoseki—City, Yamaguchi 75965, Japan

_ This peper described of simulation of food cooling and refrigerating process by
personal computer. The experiments are carried out in the case of with and without
freezing of food using yellowfin tuna and brass. The value of simulation is compared
with experimental results. The simulation prediction agrees with experimental results.
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- Table 1 Relation between refrigerating capacity and evapcrating temperature
(R502, 2. 2kW)

Evaporating temperature | (°C) | —45

-40 | 356 | 30| 25| 20 [ -15

Refrigerating capacity W | 930

1396 | 1861 | 2442 | 3140 { 3954 | 4885
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Table 2 Calculated conditions (Brass)

Overall heat transfer coefficient of the evaporator U, [Wim?-K)] | 30,0
Heat transfer area of the evaporator A, [m’} 0.25
Evaporating temperature 9, [TC] 11.4
Air temperature of freezer 8, [C] 11.4
Heat capacity of the evaporator H, [kIK] 1.7
Heat transfer coefficient of the food surface ag [Wim?K)] |94
Overall heat transfer coefficient of wall of the refrigerator U, | [Wim*-K)] | 0.09
Heat transfer area of the refrigerator A, [m?] 0.00196
Surface area of the freezer As [m?] 0.581
Surface temperature of the food 8 4 [C] 11.4
Atmospheric temperature 8 5 [C] 114
Heat capacity of the air and structure of refrigerator Hpe [kJ/K) 4.006
Heat conductivity of the food before freezing A, _[WI(m-K)] 117
Density of the food before freezing o, [kg/m®] 8400
Specific heat of the food before freezing ¢y [kIkg K] 0.376
Density of the evaporator o . [xg/m’] 7740
Specific heat of the evaporator c,. [kJ/kg-K] 0.442
Volume of the evaporator V, [m®] 0.505 X 10
Heat conductivity of the evaporator 4, [W/m-K)] | 26500
Thickness of wall of the evaporator 8, {mm) 2.0
Density of air o, kg/m’} 1.2
Specific heat of air ¢, kikg-K] 1.0
Volume of the evaporator V, [m®} 0.027 -
Density of the structure of refrigerator o [ke/m®] 7740 -
Specific heat of the structure of refrigerator ¢prs [kJ/kg-K] 0.442
Volume of the structure of refrigerator Vg m’] 1.161 X 103
Thickness of the structure of refrigerator 8 mm] 2.0
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Table 3 Calculated conditions (Yellow—fin tuna)

Overall heat transfer coefficient of the evaporator U, [W/(m?-K] 30.0
Heat transfer area of the evaporator A, [m?] 0.253
Evaporating temperature 8 , [TC] 11.4
Air temperature of freezer 8, [‘C] 11.4
Heat capacity of the evaporator H. (kK] 1.7
Heat transfer coefficient of the food surface a5 [Wim* K] | 94
Overall heat transfer coefficient of wall of the refrigerator U [Wim*K)] |[0.09
Heat transfer area of the refrigerator A, [m?] 0.00196
Surface area of the freezer Ar {m®] 0.581
Surface temperature of the food 04 [TC] 114
Atmospheric temperature 6 4 [C] 11.4
Heat capacity of the air and structure of refrigerator Hy, [kI/K] 4.006
Heat conductivity of the food before freezing A, [W/im-K)] | 0.619
Density of the food before freezing o, [ke/m®] 1048.0
Specific heat of the food before freezing ¢y, [kIkg K] 3.395.
Latent heat of the food L [kJke) 0.634
Heat conductivity of the food after freezing 1, [W/im-K)] - | 0.9176
Density of the food after freezing o, [keg/m’] 9939
Specific heat of the food after freezing ¢y [kVkg-K] 1.968
Density of the evaporator p. [k@:‘] 7740
Specific heat of the evaporator cge [kIkg-K] 0.442
Volume of the evaporator V, [m®] 0.505%10°°
Heat conductivity of the evaporator A, [Wim-K)] | 26500
Thickness of wall of the evaporater 6. [mm] 2.0
Density of air o, [kg/m?] 12
Specific heat of air ¢y, [kJ/kg K] 1.0
Volame of the evaporator V, [m?) 0.027
Density of the structure of refrigerator o 5 [ke/m?] 7740
Specific heat of the structure of refrigerator cor, [kIkg K] 0.442
Volume of the structure of refrigerator Vi [m®] 1.161 %103
Thickness of the structure of refrigerator & [mm] 2.0
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