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Abstract: In this paper, we analyzed the problems of a batch-type sterilizer and design a continuous sterilizer
to control the temperature deviation. The temperature deviation is analyzed with respect to design parameters
such as a nozzle diameter, hole diameter, and nozzle length. The significant temperature parameters are
optimized using the response surface methodology. An experimental apparatus is developed using the
optimized design parameters. Using a field test, we show that the target temperature is obtained in about 7.3
minutes and the temperature deviation is improved about 0.84C. The optimized parameters from the test are
equal to the analytical parameters.
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Fig. 1 Analysis modeling of continuous sterilizer
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Table 1 Definition of diffusion coefficient F¢ and source
term .S, for variables ¢
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Table 2 Analysis conditions of continuous sterilizer

Parameter Unit Specification
Dimension mm 650%240%340
Hole dia. mm 5
Nozzle length mm 600
Number of hole ea 2 line with 45 holes
Pressure kg/cm? 3.5
Flow velocity m/s 20
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Fig. 2 Design with modeling of continuous sterilizer
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(a) Analysis of temperature distribution at 2.72sec
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Fig. 3 Analysis results of temperature, flow velocity,
pressure distribution at 2.72 sec
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Fig. 4 Analysis results of temperature, flow velocity,
pressure distribution at 8.3 sec
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Table 3 Parameters and levels of the sterilizer

Parameter levels
Parameters
-1 0 1
Nozzle dia.(mm) 50 65 80
Jet box dia.(mm) 30 35 40
Hole pitch of nozzle(mm) | 75 | 100 | 125

Table 4 Test results for temperature deviation of retort

pouch

Run | Nozzle | Jet box | Hole pitch | Temperature
order dia. dia. of nozzle | deviation(C)

1 0 1 1 1.9

2 0 0 0 1.9

3 -1 1 0 2

4 -1 0 -1 0.9

5 1 -1 23

6 -1 -1 0 2.1

7 1 1 0 1.1

8 0 -1 -1 1.3

9 1 1 1.4

10 0 1.9

11 0 1.9

12 0 -1 1 L5

13 0 1 -1 1.8

14 -1 1 1.2

15 1 -1 1.2

Table 5 2™ regression model between temperature deviation

and other parameters
Term Coef. SE coef. T P
Constant 1.9 0.2295 8.279 0
A -0.025 0.1405 -0.178 | 0.866
B -0.05 0.1405 -0.356 | 0.737
C 0.1 0.1405 0.712 0.509

AxA -0.2375 0.2069 -1.148 | 0.303
BxB 0.2125 0.2069 1.027 | 0.351
CxC -0.4875 0.2069 -2.357 | 0.065

AxB -0.275 0.1987 -1.384 | 0.225
AxC -0.025 0.1987 -0.126 | 0.905
BxC -0.025 0.1987 -0.126 | 0.905
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Fig. 10 Test result of temperature deviation (condition 1)
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Fig. 11 Test result of temperature deviation (condition 2)
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Table 6 Temperature deviation of each zone of sterilizer

Test Temperature deviation (C)

cond.

Zone A | Zone B | Zone C | Zone D | Average

1 3.31 3.10 2.97 2.75 3.03

2 1.30 1.34 1.76 1.39 1.44

3 0.66 0.91 0.97 0.83 0.84
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