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On the Design of a Continuous Heat Sterilizer

Takuro Munezawa, Atsuo Kitajima and Takahiko Kiya

(Ajinomato Co, Inc. Central Laboratory, Suzuki-chyo, Kawasaki)

This paper deals with the design of a practical continuous heat sterilizer without
perfect piston flow profile.

If the turbulent diffusion model is applied to the holding tube of a sterilizer and
the rat eequation of the first order reaction is assumed on the thermal death process of
bacteria, bacterial concentration at the outlet of the sterilizer can be stated as follows,

as a function of P.B and N..
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This equation has a great number of combinations of I>.B and N, in other words,
L/D and 6, and does not have any definite solution. But this can be solved by stating

the minimum cost of the apparatus, which turns out to be the optimal design.
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Fig.2. The relation between sterilizing Fig.3. Sterilizing temperature vs. death
conditions and survival bacterial rate constant.
concentration.
Table 1. The relation between P,B and dimension of apparatus.
P.B 20 30 ! 40 50 70 I 100
g (min) 0.7 | 0.8 | 0.78 0.75 0.60 |  0.64
|
L @ 2.7 - N ‘ 4.0 4.6 5.6 | 6.9
D ta®) 0.48 ‘ 0.40 i 0.35 0.32 0.28 |  0.24
womfe L 0.047 | 0.068  0.087 010 o | 0.8
Vo ; 0.47 | 0.42 : 0.40 | 0.37 | 0.3¢ | 0.32
! ' ! ; i
Re 5.6(109 | 6.7Q00  7.7(09  8.3(10% 9.5(10%),  10.3(10%)
[ H |
Plant cost ‘ | 9’ = i |
(10° yen) i 140 { 140 ’ 148 i 125 ) 130 i 142
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Holding tube

Broth pump 25m3/hr

~C

dimension L & D »ig 2. 215D

Broth
HEBEEHR L, PB iz LT plot wth pump

&
& Figd pk5icis. chib

Heater 110°C

Holding f= 1min

tube L= 6600
D=315¢
V=0.51m?

Cooler (plate heat exchanger)

=34.5m?
Cooling 40m3/hr
water

Fig.5. The S.F.D. of the continuous heat sterilizer.

Lominar :  Transient E Turbulent
Table 2. A comparison between the optimal zone | ome ! zone
design and the practical one. 10 ! {
[ Optimal Practical 5 :\ E
! design design ' . 3)
X O,Lebenspnells arrangement
P.B 50 | 65 . ! : .
—_ ©co o o I 0013 %44"
i 7, ! g
6 (min) 0.75 1.0 e ! e 032x6.3
L 1.6 6.2 107 o \ i
- ' 1
D (m#) 0.32 0.32 5 3 :
7 (mysec) 0.10 ’ 0.10 ] 5 ‘Xﬁ“-.\~
i i .
V@ | 0.37 | 0.51 ' ?
| | ‘
Re 8.3(10°) | 8.3(10%) o : 7
Apparatus ‘ S ' 5 10 5
cost (10° yen) | 125 131 10 Re S
Fig. 6. Reynolds number vs. mixing
characteristics.
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Nomenclature
C : nondimensional bacterial concentration =—,I$,L
INo

: diameter of the sterilizer

: turbulent diffusion coefficient

Ey

f : feed rate of the sterilizer

K : death rate constant of bacteria
L

: length of sterilizer

N : bacterial concentration
N : bacterial concentration after sterilization (sterility level)
No : initial bacterial concentration
N, : nondimensional reaction rate=X¢@
P,B : nondimensional mixing characteristics =—%£
Z
R . gas constant
R, : reynolds number
T . sterilizing temperature
u . average velocity
V' : hold up of the sterilizer
Z : distance from the inlet of the sterilizer
u : nondimensional distance
0 : holding time of the sterilizer
x [i73
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