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Numerical simulation and validation of ice filling process for ice

slurry precooling box packaging of broccoli
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Abstract: [ Objective] In order to solve the problem of uniformity
of ice crystal distribution in the process of ice slurry filling.
[Methods| Taking broccoli as the research object, the physical
model of packing broccoli in carton was established, and the
effects of ice filling speed and ice filling Angle on ice crystal
distribution uniformity during the ice filling process were analyzed
by CFD simulation, so as to determine appropriate ice filling
process parameters. | Results ] The ice-filling speed and filling
impact the wuniformity of ice crystal

angle significantly
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distribution. Both excessively low and high ice-filling speeds were
detrimental to achieving uniform ice distribution. Tilting the
filling angle results in inadequate coverage of fluidized ice on the
upper layers of broccoli within the container. [ Conclusion ]
Maintaining a horizontal angle and an ice-filling speed of 3 m/s
yields the most uniform distribution of ice crystals, meeting the
pre-cooling requirements for broccoli and enabling a certain
duration of low-temperature storage.

Keywords: broccoli; ice slurry; precooling; packaging; CFDj ice

filling rate; ice filling Angle
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Figure 1 Three-dimensional packaging model of

boxed broccoli

T RE FEEELERDAFTA QR R TEOMEELSRIE
2 BB BT
2.1 EBEXRRiE

5 FESALL 4 MT AT 80P B3 B I R T 7 A R A2
REAY o R T B A LA B < 03 VK AN T R 45 3 A 5 22
TR U S N LT L B N o N R NGO EZ X 7B
P TR ) 5 S UK B R R A T S R T B, 2
W S A AL AR A AR R O AR I R o A

T DXl 3 A DI A Sl SR B A
2.2 WK IEHFE

Uit A VK ) G T i Sy AE L 3l i sy AR ey fE E
AR o ) A Ry B B AR R RE i AR

2.2.1 VOF & VOF A2 —F [ 19 BCh A% T
1Y 2% THT 3B B 7 0 ZE TSR AR b OR [ 0 AR 4 4 2k —
3 & J5 &, [ i VOF # % 7] Pl 5 Solidification &
Melting B2 & A DLA5 AR B 1 R 0T

(D) ELEETT .

(vaLV- (pv) =0, (D
It

K.

o & HH LI % B kg/m”

BAEHR AL m/ s,

(2) FhiF it

v

J .
("V)+v (o) =—VP+V -+ [p(Vy+ Vv )]+

og +F, (2)
s

oA b B R 5, Pa;
p— AR B )R Pa - s;
T—hE K
g—HEJym

,m/s”;

2.2.2  Solidification & Melting #5425 il Jr 2
(1) HEEHTR.
< (ov,)=0, (3)
ittF':

o VKM kg /m’ 5

=
R, m/s,
(2) ZhEIrfe.
J(pv )

+V e (ovv)=—Vo, +V(gv)H)+S, (L

A
pwi—VKAAZN JI B, Pa - s
—

(3) ReE

=, V2T, (5)

Ly

89



90

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

KA

H— LR 28 ek, T/ ke

A KRR W/ (m -+ K5

T — DKARAT: B 20 (0 B L K
2.2.3  BRALBUR AREAL B BUSE MRS 7R AR R A AR &
TR G EG AR B S AT E R A
T X 32 AR AN S BOAR E AT A . o O B R SRR AR
W LA S LA 5 3% , e TH R A NS, B
TR AT 2% B A 3 5 1 5 AR R gl o O AR 5 A T g A0 A [ A
FHRERURE G o e 0 25 U 23 S Y M AR 0 BURE A L WA AF A
AR URE AR HEAT AL A AR AR AR

(D EEETT#

Ip

v m=o, 6
(BN

J

(ap[”)+v- (ov)=pf +V + P, )

2.3 BZREFEFE

VU 22 AR T B IR R — A B 2 AR RS R IR o R
WEA VG 22 16 AL 5 WA VK2 8] AW I 3 2 1 | A S 4
A TS UK AH A8 W B DL RV 22 AR A B 0 IR AR R 2K
LA e NI - e el W R AR N o A Y WS R 7
R R S BRI B e RO R T SR Q)
op R T R N

aT
prec 5 =h VAT +Qrs (8)

K,

Pfiﬁ‘:‘ﬁa%}_g ykg/mg;

cr— PR INEY L]/ (kg « KD 5

T PE2 AR, °C

A A SFRER, W/ (m - K);

Qi— T =N . W/m®,

VU2 AE 0 N RGR E BEE IR IT R A Q. RN B A
Q.M. VEAAER AT , B S A AT VWA A R,
TN TV G0 AT 5 T 2 I VR R RV 22 AR YRR K 4 2R R
F)as oy, A B E R B AR, FE AR A 5 DL B R AR
P IR 32 DAAIE 4 AL DR O G 22 A A AR R 00 AT RO Dy

BE2738 | 2024 £ 7 A | RS

Ko,

L =Y A&

Q. VUL, W,

Vi— P02 R, m? .
2.4 VBEHRFTELE

FIF ANSYS Fluent 47 3R i, 50 o F SR FH XUKS |
SR RS . SR R — RRCRLBUE 4% A5 8, B4 7 ol i B L 4
S KA A PK b FIURE AR VK OB AR 5 — 12 B 9 0.5 mm,
K VOF W5 A 3 A 7 F Solidification & Melting 5 B,
ARG 2 6 T4 A0 A 3 T 3o R o S A UK 4 A AR A%
PGB Bh LR i B BE Y B ROR 20 B KU A
S0 T R e B SST k-w BEAL, R 77 3 AR A R A
SIMPLEC %35 , FIl | UDF 42 1714 35 13 fin 2% 21 SR 8% X
B B R b A B A SR AR B K AR A B i e
AR PG 22 46.(25 °C) JJRA VK0 C) MALLEF (25 C) [l #1
WS HLE 1,
2.5 MExla

] ANSYS Workbench meshing 3 # 17 9 4% %1
G o BT VE 22 76 3% T 0 AN B0 M DL R AR S T aE Y 1%
B, TS R B . BR TR I M 1 A S A R
SEAN L HE VG 22 4E 2 A B O AL 3R AT R R A % . A
PR3F A% T 1 3R T . % 4 0 T A B B R B TR A
POTHELAE ST, SR, 3G i A% B £ B B T 5
LA E ., 5% T MRS, bR T 52
AL 3R R XI5 B T e R B AR A% 3 A HE A b T R T AR
AT LU X # BRS 0 R R R

TR b R T 45 A 5 R ACE R 2R W
k& RS2 20 mm, 3 78 V4 22 46 22 18 DL K A 3 A i 0 Ab
HEAT JR ¥ A g RSE 45k 10,7,5.3.2 mm, P A% 4K
UL 2, 38 A W T 2L AR A I AR AL I 4G A I A o
Xof 075 485 SR R ), AR NS T e A 0 A% T 4 D R Ak A
H 8 Fe KR 22 43 Bl 4.862%,3.475%,0.650%,0.389 %,
BT A RCR RN R M, B R TR R
5 mm, FEIL, AR 5 mm 19 R ST AT DL FE 4 S 46 1A
P8 149 S 3 A% R B

3 BB S g

Q. —Q. , TN , . N .
Q= v, (&) 25 A 7 b A B I A PR T I 5 A G A R i
F1 MHAORYESH
Table 1 Thermophysical property parameters of materials
P wRE/ LA/ FHERE S EhEE/ W/ I W 44/
28 (kgem™3) (Jekg'+C™H) (Wem '+K ) (kgem '+K) (Jekg™) (kJekg'+hD
A K 910.0 2 110.0 0.032 34 0.000 513 446 000.0 —
[i=ia 758.0 3 313.0 0.073 00 — — 218.672
£, 345 46 220.0 1 800.0 0.038 00 — — —




&M | Vol.40, No.7

®2 FRMERTSHE

Table 2 Different mesh size parameters table
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