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Abstract

This Study was conducted to predict temperature profile of Jangjorim (boiled beef in soy sauce) food during
retorting using the commercial NISA (Numerical Integrated Elements for System Analysis) program. NISA
program is a good tool to simulate the temperature profile of a specific material based upon the finite element
method. The cold point of Jangjorim food located not at the geometrical center but at 26.9 mm backward in
y plane because specific heat of soy sauce was 20% higher than that of boiled beef. The effects of heat transfer
coefficients on heat transfer during retorting process of Jangjorim were analyzed by response surface methodology
(RSM). Independent variables were thermal conductivity of soy sauce, thermal conductivity of boiled beef, and
convection heat transfer coefficient and dependent variables were temperature error and lethality error. Thermal
conductivity of soy sauce was the most significant contributor among those (£<0.01).
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Soy sauce

Soy sauce
Boiled beef with stick shape

~ Boiled beef with stick shape

Assumption :
Shape of tray (soy sauce) is finite cylinder
(diameter=13.8cm, height=1.66cm)
(diameter=138cm, height=1.66cm)

Assumption :
Shape of boiled beef is finite block
(0.8x0.8%x3.0 cm)

(0.8 x0.8 x3.0cm)

Fig. 1. Diagram of model food(Jangjorim).
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Table 1. Material properties of Jangjorim food for heat transfer analysis

Materials Density(p) Specific heat(C) Thermal conductivity(k)  Heat transfer coefficient(/7)
(kg/mm®) (keal’kg C) (keal/mm - min - C) (kcal/mm® - min + C)
Boiled beef 1.11x10°° 0.82 “Temperature dependent "
Soybean sauce 1.14%x10°¢ 1.0038 953610 7.17X10

® k = 8.08687x10 ° + 2.5791X10°® T -8.31983x10™ " T*
T is temperature.
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Table 2. Level of heat transfer coefficients in
experimental design for the Jangjorim food
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Fig. 2. Geometric model of Jangjorim food.
A : Top view, B : Front view, C : Isometric view
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Fig. 3. Comparisons of nodal temperature of Jangjorim food over time.
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Fig. 4. Comparisons of boiled beef temperature in boiled beef over time.
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Table 3. Experimental data of temperature and
lethality error of Jangjorim food

Run number  Temperature error  Lethality error
1 14.21289458 0.025272313
2 12.62785438 0.024116611
3 4.80794995 0.004959362
4 15.76404431 0.026668125
5 4.32259669 0.006319889
6 4.00092375 0.024011005
7 12.93836667 0.024724048
8 4.33639993 0.025723702
9 4.48169146 0.005807616

10 4.32258646 0.006319970
11 4.33639939 0.025723706
12 4.32258621 0.006319930
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Table 4. Analysis of variance showing effects of heat transfer variables as linear or quadratic terms and

interaction effects on response variables of Jangjorim food

Error 1" Error 2%
Source DF

ss¥ Prov>F gs? Prov>F
Model 9 239.608787 0.0908 0.001085 0.0029
Linear 3 147.412079 0.0634 0.000115 0.0089
Quadratic 3 89.944930 0.0810 0.000969 0.0011
Cross 3 2251778 0.4648 0.000001387 0.4540

R 0.9985 0.9994
k? 4 190.712558 0.0656 0.000919 0.0015
B 4 2.264435 0.5337 0.000001782 0.4801
I 2.358096 0.5253 0.000001830 0.4723

Y Ermror 1 ; Temperature error, 2 Error 2 : Lethality error, » SS : Sum of squares of residue,

M ki : thermal conductivity of soy sauce,

9 b : heat transfer coefficient,

® k, : thermal conductivity of boiled beef.
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Fig. 6. Response surface plot of thermal conductivity of soy sauce(k;) and heat transfer coefficient
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(#) on the temperature error (A) and lethality error (B) of boiled beef in soy sauce.

Table 5. Critical values from the optimization
techniques for the heat transfer of Jangjorim food

by using response surface methodology data

Variable Error 1" Error 2%
& 0.726558x10°°  0.1188%x10 *
H) 0.83294 x10°*  0.134 x10°°
1% 1.14085 x10°°  1.0553x10°°
Minimum -325795 x107  0.003522

D Error 1 : Temperature error.

2 Error 2 : Lethality error.

? k, : Thermal conductivity of soy sauce.
“ h : Heat transfer coefficient.

* k, : Thermal conductivity of boiled beef.
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