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Thermal physical property calculation and freezing time

numerical simulation of shrimp
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Abstract: Based on the thermal physical parameters of shrimp, the e-
quivalent heat capacity method was used to process latent heat in
phase change, the finite difference method was proposed for
modeling irregular shrimp, and the freezing times of symmetrical
section in the shrimp freezing layer from the refrigerator bottom with
15 mm, 50 mm and 100 mm upwards were predicted, which were al-
so validated by experiments. Compared numerical simulation results
with experimental verification, it could be found that the correlation

coefficient between simulated freezing time and test time curve was
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0.996, the maximum error in the section center of shrimp was
1.85 K. It could be concluded that the numerical simulation could ef-
fectively predict the temperature distribution in the process of food
freezing, which was of great significance for freezing processing,
quality control and optimization of equipment of shrimp.
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Figure 2 Food location in main view

2.2 ERARREH

A R AT SRR T UK S VR T I R 4G R L A
AZ VU 5 v s AU HR R A R SR T A 5 S R AR R A
PR S AT A TR R -2 A
T3 FG PN AR 25 1) S M o ELAE VR 405 O A R I YR0AR I AR
ISy 2 AN A o T B L A TR X A R A TR A LR AR
B @ BT B0 A0 R 5] — B RS IR IR E —
@ HFAZ A AR A 1 [ 4 L AH AR IR — R 5 © MR R AR U
AT P AL B HIR AT 2T X R R R BUR AL @ B A
VRES AR R R R E O 1 065 kg/m’ 5 © A
RES R AR R IR AL; © IFAZ AR AR BE 1B X A %

EAER 5.
T R &R R B RE S TR
LaT -
{o(,j:V(k vT)+gq ., (5)



E3MEEZH I

198 25« AT TR PR 3 B B VAR 4 T ) (A A

A,

T— WM& JLA] SR . K

t —Bf (A, s

o—UR T B . keg/m”®

C— UMY LA KT/ (kg « KD

A MR SRR W/ (m -

q=h(T,—T,) ,
iﬁrh:
W IR R AR,
P VKA R TR R N S RN R E Cl ok 5 R AR

K);

BT
(1) & iR =R R

) .K,
R X AR PGE G R GRS bR

K;

2) HARHELTHEREBFEEWR: T =244 K, 3305000
HIRAE .

(3) TERUREMBEL AL . ¢ = O,

(4) FER B AR FL I bl 5T B <7 1E R B 5P

Ts[S) ¢ ]=T,[SW ¢t ]=T,, 7

dT aT s
L el ®
S

Temperature/K

Temperature/K

108

T —AH ST b T AR A9 B2 L K
T,— A LA . K
T, —— A ST A R L K
As— M EEAH A SRR W/ (m - KD

288
285
282
279
276
273
270
267
264
261
258
255
252
249
246

Temperature/K

288

285
282
279
276
273
270
267
264
261
258
255
252
249

246

(a) 15mm
A 3

285
282
279
276
273
270
267
264
261
258
255
252
249

(b) 50 mm
Ak AFIE) Ay 60 s BYHFA= A

A RISV E RS R W/ (m e KD

Aak.}/kg;
o HE kg/m’,
WG 55

T fod (xsysz) = Ty = 290 K , £ /i i BE #2232k 56 ) &
TR A

T, (xsy,2) = 246 K, %
TRAH
2.3

VR RO R 5
HR TR 45 3 2 0 B (E AR U
BT DL EBRIT A BRI VR = AR [R] i B R R 4
LI, 3 HURAr BB R R ZE IR HB 15,50,100 mm #E17 8 %, 4
F S8 AR A= TE VK 46 ¥ VR 35 1A o 465 2 0 0 40 A 7 00 . 1 58
CAD 57 7 VKA 7R = DL IR A JLAT ST, IF 4 ANSYS
15.0 1 (14 19 ICEM R 47 IR R 40 I Ak . 5l 43 47 W ks 5
LA FUAC AU BR B L 6 PR E 19 R-e TR B TS R A 1
PESHOAS N B R RE L BGRB8 O R Y 0SSO BE B
107, VR EE ST UMM AR VKA R 4 Eﬁ:éﬁﬁ%ﬂm A, I
KA RCE B Sy R . R BN NAT
WA A 0 e T DL R DA v VR A N BRI R TR 0 0 R IR
Y Ja AT B RE R I 0.5 s, g T AR IR 19 R 45 1 11
A3 AR 3 A R0 e v R R AT ML S AR . B R
B iR AR T 255.15 KR4I o . Ay ¥il B SO0 48 R4 1 55 11
T B2 43 A A O AR IBOAS [R]85 B2 MR 09 3 A X R A 48 T 3 33
>4 15,50,100 mm,

H1 P 3~5 Bl s G i B A A — o R R 4 o R R R
7R T BE T WA o DR A TS R0 ) vk 2 el 5 T

Temperature/K

288

246
(¢) 100 mm

HRESHEE

Figure 3 Temperature distribution in shrimp with freezing time of 60 s
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Figure 4 Temperature distribution in shrimp with freezing time of 330 s
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Figure 6 Section temperature distribution in shrimp with different freezing time
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