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Abstract: Pulsed electric field sterilization technology is one of the
main concerned non-thermal sterilization technologies. One of its key
components is treatment chamber, when the food material went the
treatment chamber, in a very short period of time microorganisms
endured strong electric field force, the cell structure was destructed,
so the cell died. The electric field strength and the temperature dis-
tribution in the treatment chamber is the main factor of affecting the
system bactericidal effect and food quality, the numerical simulation
of the fluid dynamics coupled with the electric and thermal field in-
side the treatment chamber can provide detailed analysis. The main
purpose of the numerical simulation is optimizing the geometry of the
treatment chamber, thereby improving the uniformity of the electric
field intensity and the temperature distribution, so avoiding the phe-

nomenon such as localized over-processed or less processing and die-
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lectric breakdown. This article reviews numerical investigations per-
formed on the pulsed electric field process and presents numerical re-
sults of a treatment chamber optimization and the solution of coupled
fluid dynamical, electrical and thermal problems.
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Figure 1 Geometry of a co-linear treatment chamber to

explain the boundary conditions
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Figure 2 The sketch of a co-linear treatment chamber which

only the upper half of the axisymmetric configuration
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Figure 3 Results of parametric studies to optimize the uni-

formity of the electric field strength by minimizing

its standard deviation Eg, in the insulator gap

A.0.05 B.0.10 C.0.20 D.0.30 E.0.40 F.0.50
G.0.60 H.0.70 1.0.80 J.0.90 K.0.95

(a) HLF4

A.20 B.40 C.60 D.80 E.100 F.120 G.138 H.160 I.180
(b) o B

B4 R =2.2mm,L =4 mm iR ITLAT LA 69 b %
o A A E 0 E B A
Figure 4 R, =2.2 mm, L, =4 mm, contour lines of the e-
lectric potential ¢* and the electrical field strength

E* of the optimized geometry

A o MR E° @075 B2k, [ 4 Ch) R 46 % P B
SR KB s B 3 B 4 9E EL, (R =2. 2 mm) = 138,
E" fy fi K (51 24 S P 22 T
3 Wik iy REY =G RA U

0 A 95 3L IE 9 4345 - 43 TR T L Ak 555
SELE 9 B 200 60 A5 6 5 1k e B R 60 5 L 8 R0 14
S5 BT 7T LR A A0 T B 5% P36 B 43 7 47 T



E2EFE2H

PBUSCI 45 < o s ki v 33 2% T 22 900 B3 R R BT 5

F5 FESROO B3 Ul 3 IR 3 1 1 O R (SK(2) ~ (6)) [ Ik
Aok AR 12 BroR A B AR AT RS W
EAMWLEE A,

Fiala 5542 7 AP P9 3 3 L 6L BE 3 L v 3 0 B30 3T
BATERIAL, H Y o W P00 b B0 2 P i R 0 A Y
S IF LR LA R S g5 R . R A0 B & B R
FhL 5 S I I A A i 75 AL Fiala 55500 BE & 5 B (o B
@ORLLRE o 5 BRALE B AT ZXF Ik sl iy
B AT B 25 R A T b R R RE S K 3 i 3 1 L T A
M, r=2.3 ps.m=3.61 L/h.¢,=5.2 kV FlI 8. 48 kV Ik
BT EFAMBEREDE S A WmE R AR .
S5 FH IR 0 BB 0Ly i 3 4 B R ) i [ 3 b B = 4 4

HEAT O B IR T, B R X Fiala %557 B0 R 10 9 8,
Lindgren"* 1§ BT 4 32 1 B 5 W) 0% 70 44 5 0 25 B e P, XoF AS [
BT AL B0 5 R AR TR EE EAT L3 45 5 ZU TR T s BT 4 2%
RF ML, 5| AL E GRS HILEE

Toepfl 850 X 7] 3 b L % AT T AR AE AR 0L A0k 30 BF 5%
2l 0 R AL P A S AR S A DL 1.2, B R RN ZE MR A
= EHLR AR R=3 mm, 48 23 (R 25 49 (V) N 48 R0 4 31 o
R =2 mm,L, =2 mm, 40 ZEM% S A T4 ) 4 2%
TR B AL . NaClyE B e Ry i 5 R PokE . o 5% 5 0
TALRRM R BUAEBT P BRI A o(T)=0.011T+
0. 222, Heinz 2V 18 B 1 85 1 19 5048 + 40 ML B0(E B4
AR PR o AT A R KR RER AR T AR, &
SHCRE W 1,3 FAE LT Bk ol 45 435128 20,50,70 s,
BK9E « #5983 ps, ¥ g =15 kV,m=5. 2 kg/h, ¥ 4 15 J&
T.=29.5 C,

Lindgren

®1 SHMARBATHSEHE

Table 1 Parameters of the three different cases [ -l
/s o/us ¢o/kV n/(kg+h ) Tw/T Texp/C

20 3 15 5. 2 29.5 35.2

50 3 15 5.2 29.5 45.9

70 3 15 5.2 29.5 54.1

MARBAL G BERE T>T,=29.5 'C. 54k
BT T E A A L NG G =1 i [ s R 7
ﬂ“ 'ﬁ Fiala®™ fil Lindgren™ % T 25 AR MBI, B 5, 4 i

— P AT WA B LR = 0O R A A R BE L
EFé’ﬁé%ﬁi A(z=10~14 mm) I 2K B(x=49~53 mm) i
Foralh 1.5 Ko MR, 4a 24k B A7 i (B 5 (b)) | F 5 3%
60 °C o A2 T I b B 35 2 DR Ay U A T A B A AR BE 45 R 1Y
140181 I NG R B e R N RTINS o ] R e R R
(A RE b LG, JUT LA 5 A 3 S s R v o 1 R S 9 R A L i A
ARG Z T 20 kol I Ah . 28 S0 S T Y FEE 26 DX 48R Ik
Y G R F Y IR AT . A5 R A AR S A AE e TR X
5 RRE I D8 RTS8 i 5 2R — B (5 B 5 F b A L) .
HFULEIEMETIT AR EMBE SR 6.5
& A TEE o (6 I 150 /8 35 23 A1 AR LU A AN 181 5 (o) BT v 3
A,

Pl 6 Ca) L T 3 Rl 00T i Ak S P R IR A0 AR
INTFIYI B 35 £ RGN L 48 G AR ] BE X 8] (e = 10~ 14 mm
M 2=49~53 mm) W ARER TN . 451 A FILZ5AK B

e SR HLR e b LA

A.32 B.35 C.40 D.45 E.50 F.55 G.60
(b)) W53

.

BCDE FGH II HG FEDC B

A.0.1623E+06 B.0.4870E+06 C.0.8116E+06 D.0.1136E+07
E.0.146 1E+07 F.0.178 6E+07 G.0.2110E+07 H.0.243 5E+07
1.0.2759E+07 J.0.308 4E+07 K. 0.3409E+07 L.0.3733E+07

(c) W7 510
BS5 SEKRTEHAEETESHAGFERFIL
oA B (L sF AR 22 E B FER )
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