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Study on the uniformity of frozen beef with various sizes

and shapes thawed by radio frequency

e

HE Jia-ling"*

lg/if\ ﬁ 1.2

CHEN Lu'*

Kok

ZHANG Ru-yi"** ZHU Ya-li'*

7/—}—(1 -”‘12 é %1,2 :%\ FEILz

LI Feng'*  JIAO Yang'®

(1. R WHEREEMER, B 201306;2. B M#IN T TREEAMR B0, B 2013063

3. bR

R A RAR ., B 201306)

(1. College of Food Science and Technology, Shanghai Ocean University , Shanghai 201306, China ;

2. Engineering Research Center of Food Thermal-processing Technology . Shanghai 201306, China ;
3. Shanghai Dotwil Intelligent Technology Co., Ltd., Shanghai 201306, China)

WE: > ERAF KGR REARF 4 E 5 X698 i+
AKF AR, RN E A 40.68 MHz 49 /> & 4+ 97 g %
WHATRR ARG A TRBRKE, &£ 25 KM Lt

A FRMERGBATREERBES>A T AL BE
HOMAK, 2REAN . ENHEFAAGREMAL XE

HREFEEZ A F AHR
TR ERAER LR ER) . BAEXGHERM
AR M LR E B WA £ AR R B A S, R &R
AR, AR AN, R G R ﬁﬁ%au%ﬁwﬁﬁ
KRR AP EIRAAL. BB EXET
552C.MAHARKREZ mAEAFRORSEEA
36.6 C, fif A& 3 4 b AR ST EAT

KR SRR R T R AL

Abstract: To investigate the effects of geometric parameters on u-
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niformity of frozen beef thawed by radio frequency (RF), frozen
beef samples with 8 different shapes, thickness, bottom areas
and placements were thawed in a RF oven (40.68 MHz) respec-
tively for determining the thawing uniformity. Meanwhile, a
computer model was established and utilized to predict the
thawing rate and temperature distribution of the samples. The
predicted temperature distribution showed a good agreement with

the experimental results. The general thawing rates of all beef

samples are constant and then decreased gradually as reaching the
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phase change temperature zone. Samples with larger thickness
showed a higher thawing rate, but a worse thawing uniformity.
For the samples with the same thickness, the larger the bottom
area was. the slower thawing rate was. When placed vertically,
the cuboid sample was more seriously overheated, and the maxi-
mum temperature reached 55.2 ‘C , which represented a poor tha-
wing uniformity. The maximum temperature of the cylinder sam-
ple was 36.6 °C after RF tempering with relatively better thawing
uniformity.

Keywords: RF thawing; shapes; computer simulation; uniformi-
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Table 2 Properties and geometric parameters of RF thawing oven
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Table 3 Thermal and dielectric properties of beef
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Table 4 Parameters of RF thawing in simulation
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RF cavity and geometric model of food sample

3. B
A1
Figure 1

(4) WA RN 4 PR U0 T B R W) 4 L IR B
18 KA i 5 28 SR B AL A

(5) & R 43 AR B T 7 45 SRS 0ff 1k 28 B 5 38 19 I A%
408 X0 45

(6) 3R fifp i B[] R [] 25 K A+ S T A 30 i R 2%
MOUE BRI BE N 10 s, SRE T 58 B2 R0 45 3 19 o
k.

(7 45 Ffy 3 F0 53 A7 < i 10 A o JLART b 50 iR it
LR UL KRR N T & R T Ry 4 R R o A R Ok AT 45 R
G4
1.4.2 YIRAARFME FRESPHRERE N —18 C,
AR BN 122 mm; 4 YRR & 3R 00 5 25 AT 4 i 4
o

Q=hA(T T, , (D

el

Q— FA L B ] YA B 5 R R Z 8] 28 # i Fv i, W5

h X R BB o 10 W/ (m® - KD

A— R 5 B fmE L, m®

T—F MR, C;

To— TR Y E N IR BE R BE L i35 oy 20 °C,
1.4.3  fEGRHSETNR MRS ETHRENSHE
(STUD A 155 B A B ok EW R s . F B 400 3%
3R FE S R R B AE A A 2K (20 Hr, BP W] 3R 5 STUL,
STUT /)N, BWRE R o 10 7 7R 35 51 kg,

ﬂT—ﬂ\W
(T, —THV

STUI = , (2

IQEF':
STUI—— 0 B 45 2 P35 45
T—— BRSS9 40  BE R L °C 5

T, — @ AARIRE B g —4 C

T, — R MR AA L il o — 18 C

V—H o AR m? .
2 giR5rbr
2.1 S AT X B 55 R 0 R B R I

P 2 AL 3 3 2 A R T AR TR I 7 (4 [ A 440 %
VR A TA) ) S 00 it VR A< 8 A il e R R TR 7 A .
Pl 2 AT R0 B A 0 4 A O Sl % A AU AR A Y M VR
AR 2 B BE B R R R SR AR BT T
R TR R BT A T O A A R CRE A
A S TRIRE A AR RRE i GRE i DD 9 e v S 3 B 1T 00T A
VRS RIS fift R 2R T G2 A4 e T R S VR ] R
FAR I UHFE S . BB 3Ca) R () AT 2 56 A0 4L 3R A5 1Y
TR E 7 A 1 DL A — B, DA B Y A5 i (L L5
MR R 1~2 °C . Al BEJ2 S S3 il VR o P v /4 P e T A5 22
SATTERT I KK o3 28 KBB4 8 T — 3 0 #A A {42
PRI TRl T R A TSI % 2
TIEAL S PRI A AR 00 AT Y R U 0 A TR AR SR L 1Y
ST I R AR A 22

i

Temperature/ C
L
S

—— I A

—— HEADAE A

-6 ——RE AL H
—18L —— B S H
0L . . . . . . L
0 50 100 150 200 250 300 350

PR i)

Time/s

B2 FRRBEWKEF WA SRS B 0 ik
Figure 2 Comparison of experimental and simulated tha-

wing rate of different shaped beef
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The surface temperature distribution of frozen beef with various shapes after RF thawing
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The thawing rates of frozen beef with different thickness during RF thawing
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Figure 5 The surface temperature distribution of frozen beef with different thickness after RF thawing

125



126

iE 5 8 STORAGE TRANSPORTATION & PRESERVATION

2% I B/ o R o DR 1Y L 3 i B A L BIORE i K
22 B L RE B D TR S IR T
2.3 HHRERSFBEZRNZM

P 6 Ca) 1 (b 2 A [ JE T AR T 4 0[50 A 4 v o 2
PRLRE fif 0 A7 O i Sl 2R 8T o P 6 T D N T AR OR Y K
D7 AR AR Bl C A RN ] 24 340 s o 1T JEE 18D BRL /I B 2 P R
ai AR E] S 300 s JEE 10 AR /NS B ) D T 40 85
JE T AR R 14 5 A (A IR B G AR RIS ) 2 480 s Tl /i
T AR AR b F A RIS E] g 360 s, FLmf [E) i 4> 1 120 s,
R TE e 2 I 5 1A 2 (R A A R o G T BROBK L % TR
AN TR R ARG

o
—4r
-6F
£ -8F
T |
M% -10
= £ -12r
g 14t —— LU LA
= —e— BLARE A
16y —— I C
-18L —— BEIFE S C
20l | \ | \ | , T
0 50 100 150 200 250 300 350
isf ]
Time/s

(a) KIFAEFES
B 6
Figure 6

B

Fm

(a) JK}J{ZM‘:Ituu
K7

[l

Figure 7

2.4 MEBARI AR ELRHE M

B I 8 T, 3 B R A A T IR EE S D A TR
(280 ) 57K VB M J7 R AC300 o) 22 8/ 5 Tl
i L0 0 150 A B E A A R I 1) R 290 s, BEOK O iR
BFES H R[] (340 4R 5T 50 s, X 5 KM
il A8 % T SRR 25 S — 3. Romano %70 1 fff 77 25 21
W3R T, 3 B AR I G SRR T KT OB A

X R R LS 23 A by B9 T A 4L Y R T

5
5
v 549 27 -4.01

) k@ ARG 2 AR S SR A R R@ R 4

The surface temperature distribution map of samples with different base areas
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Figure 9 The surface temperature distribution map of samples with different placements after RF thawing
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