Vol. 23 No. 6
Jun. 2 0 2 3

i S 2 = T S
A

Journal of Chinese Institute of Food Science and Technology

ETRETSWERAEH T RNEES

W', FTHE' BHELK' KFH', LAH
(REBHLRF RETHARKREEZRET K& 300134
PRARWRAFBARAG  RE 300134)

WE AEFRERRAFX REREZANFTRAGS RN Gk, AR BT A4 COMSOL Multiphysics # £ & &%
AR F iR R AR SR N AR R LY BRI AR R IR R L R IRA RIS R A R R A 20 6 B E R
W, 2R R R &R A AR (0.02,0.04,0.06,0.08,0.1,0.2 m/s) T &3 & 2R 47t 8F R 7 148 B) i 0K B K09 B ) MR ik
A3 R YRRy 0.06 m/s B R ZE R A ARAAAL S HELT(AT AL ELE AL AT)5AE o R A

AR ZREW RO LETALELNERESE SAEASE RN RA  SRABES ALY s HRETARFRF
S5RAMERAEEX R A LERBRATARFRAXI R ELRGRA T2 AEASTa 7@ ELA T EMAE,

ES A
XEHS

TRV SR R AR B 2 VB R &, 7R 0
[i) P 38 Ao i RS K i A Bt AR L 2N IR L4 N T
P vk A, DT U0 6 21 245 R B DL
P, B A 25T 6 SR i R AT T
FRAFFERS BRAT 25 Bl VR B AR, 55 05 AF
TR 2 SRS B AT AT, A5 WS MR AR
FE 43 F L B ARG I, (AL Rk B
15 o Crowe S5USHE H B HIOAH AR 750 FH R AR 44 25 1k
Wik, Jeng SE Schmehl S5 P00 055 I %) 25 46 45 14
PEATRLAUBIE I S0k T S 25 V AN I AT 1 SR 1R
S PUIE b X Ll R RS 55 R AR G VKR R A RN
TR VR X 75 B BT R 52, 75 HE 5 250 R A% 0GR
BT B UK At AR /N FLAY A 3557 KR 25 75 A 1)
PRY R E LY T B 2T SRS T T vk Sk O
V7 T R T VR A R (R RER, NR e E EAT
b, I8 B R A 1) T 3l 5 A5 FA B IR RR

Rt e B UR A A Tl A R R, R R R A
R H RN BT S ZS AR R Rk S -192 °C L 2
e 5 & A FAR R A N 2 — . AR
WA 2 T AL ORI 2R LA
ZEMEE, ARIN AR S B AR R R R, AR

1009-7848(2023)06-0258-09

WKimBEE: 2022-06-29
EEWE . KEmRAEaH 2t 3 (202110069071)
E—1EF . T, L, W R

E-mail: ningjinghong@126.com

RAEEA; WH; A SERN; A, B AR
DOI: 10.16429/j.1009-7848.2023.06.026

P N PR NS A G s R AR W R
(LAES) 2217 T ¥ AWF5E , A1 IA R 25 KAk &
W SRR R W] AR A AR A B, OF BRI
25 SAE R A, IO AL R AR S(LNG) 4% ik, 7T LA
A RABAAR IR RE i o R RS 28 SO AR & i, 7T B
A AR P ATF 5 A

VER T EEGE R Z —, =8 5 4
FE09 95% LA 1 Wk 5 A AL, S AR A i A
fief £ 2T AR A3 B RS S U A, R
FHVR VS SR B VR &5 fif 8, 20 B P | A 7K 43 g W)
B TE BB 0 /0 HL 3 A B 50 i, ok FE 4 i B
G O A 1 7 DR LN (- 2 (B 7/ U I = R
LSRR A Z i 5 4 v) 52 i, DA £ B fif
AR SR AU

AR SR RS 2 RO 55 R R R R B Ok
B VR EE , A 05 B COMSOL Multiphysics
L0 VR o A v R A R A TR R Y | R
Y, HR A AL 5 R X VR S s 5 R i
F IR R HEAT 0 BT IRAL R S8, it —
TFRBMAZ RGBT MRS H

1 HRBIEST
1.1 EER

FRE I A 2 U T o R A B R
B 1R R AR 260 mm, & 430 mm [ 5
fal . ZEMEE 4 4 EHAR 30 mm AR RS2



236 Hol

ETREZANE

ik & B R 69 SR AT 259

ST Bl 25 A 28 A 2 s AR R M AR R
TR K, hy AR T R O R I OE IS B R
BEVEE — N HE D, EAR 40 mm, 90V R R A P 3
JBCE 4 JZHEE 80 mm (W E WAL, HE R MIZE 5
S 200 mm A1 3 mm, B2 E YR IR 19 A
fif A F e R R AR 6 mm AR 30 mm Y

25O FRE BB R FE R 10 mm,

Pl 2 Sy o R A o A Sl 43, Jal 43 O =R
WSS, FERICE N 0.732, AR 87
TIAKE o GRS TR B, T 2 T BORG  E

F1 BEFMEMBSE

Table 1 The selected material parameters of the model
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Fig.1 Physical model of quick—freezing tank
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Fig.2 Mesh division of quick—freezing tank model
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Fig.3 Liquid air spray freezing process
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Table 2 Parameters related to quick freezing process
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Table 3 Calculated data for different inlet velocities
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Fig.4 Internal temperature distribution

of fresh jujube slices
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Fig.5 Surface temperature distribution

of fresh jujube slices

Fig.6  Liquid fraction

in quick—frozen tank
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Table 4 Calculated data for different exit positions

o E ﬁﬁ%%mg%g %ﬁi@ﬁ%%ﬁ B 4 £ 48 /s o AR
—-18 Coy af 18] /s 35 Cey a1 /s
a 198 128 70 0.22
b 207 137 70 0.24
c 214 132 82 0.33
d 202 137 65 0.25
e 211 125 86 0.31

()i T (AL

(e)IE It

(DL (e)EETF

B 7 AESAGCERERERER

Fig.7 Models of quick—freeze tanks at different outlet positions
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Fig.8 Streamline distribution in the cavity of the five models meets the requirements of quick freezing
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Fig.9 The central section temperature of fresh jujube slices in each layer of the three models changed with time
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Fig.10 The temperature of fresh jujube and the

air temperature in the device changed with time
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Numerical Analysis of Quick—frozen Jujube Slices Based on Liquid Air Spray

Ning Jinghong', Jia Yongqin', Wang Runxia', Yang Tingran', Zhang Ziyang', You Lichao
(Tianjin University of Commerce, Tianjin Key Laboratory of Refrigeration Technology, Tianjin 300134
*Tianjin Tianshang Cooling Technology Co., Ltd., Tianjin 300134)

Abstract In order to expand the quick—frozen method of food, the method of quick freezing fresh jujube slices by lig-
uid air spray was proposed. The model of liquid air spray quick freezing tank was established by COMSOL Multiphysics.
The velocity field and temperature field of fresh jujube slices were simulated, and the temperature changes of fresh ju-
jube slices at different times were obtained by field probes and boundary probes during the quick freezing process. By
comparing the quick freezing effects of different liquid air injection speeds (0.02, 0.04, 0.06, 0.08, 0.1 and 0.2 m/s),
it is concluded that the time of fresh jujube slices to meet the quick freezing requirements decreases with the increase of
flow rate. When the flow rate is 0.06 m/s, the freezing rate is faster and the cold energy is used more fully. The quick
freezing tank models with five outlet positions (lower right, upper right, directly above, upper left and lower left) were
established. The results show that the model with the outlet in the upper left can realize the quick freezing of fresh ju-
jube slices more efficiently and the temperature distribution of fresh jujube slices is more uniform. Compared with the ex-
isting cryogenic liquid nitrogen tunnel quick freezing, the liquid air spray quick freezing has a shorter time to meet the
requirements of quick freezing, and has outstanding advantages in heat transfer and energy saving.

Keywords liquid air; spray; model; jujube slices; quick—frozen; simulation; heat transfer



