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Abstract: The process of cold chain of fruits and vegetables can easily cause damage to the internal structure of fruits and
vegetables and arouse quality deterioration due to problems such as extensive control and large losses. Meanwhile, the
moisture and heat inside the fruits and vegetables would dynamically migrate, which is not a beneficial effect of the storage
and sales on fruits and vegetables. Therefore, it is an urgent problem for studying multi-scale heat and mass transfer
mechanism in the cold chain process of fruits and vegetables. This paper clarifies the numerical imaging technology for
multi-scale modeling of fruits and vegetables, discusses the multi-scale computational fluid dynamics modeling method of
heat and mass transfer mechanism in the cold chain process of fruits and vegetables, as well as the basic problems and
solutions in modeling, and optimizes the heat and mass transfer models and designs more efficient and reasonable cooling
systems, in order to provide a theoretical basis for the study of the multi-scale heat and mass transfer mechanism, loss
reduction and preservation during the cold chain process of fruits and vegetables.

Key words: fruits and vegetables; cold chain; heat and mass transfer; multi-scale; computational fluid dynamics (CFD)

ARGV HEIETE ARG MRS AR PR T BT RE, Hibi oy A A S WA o A5 [A) R, AN T
PR IZ A ST AN N P e B BE R e FESEE . PR, PRI R G v B R Y BT A (],
i A AR — F PN, B TR, SRS e B R H B W B AR R S SR PE IR 3R .
BRI S 1 BB L e MBI K 3 ARG 2 R “Z RUZRTAL 1867 [ fe BIVF 24008, HoAy 227

s AEA: 2021-11-26

HEEWME: TA9%88RELEFLHXEXRA (2018BCFO1001 )

1EEEIN: 7]0;;% (1998-) , B, A, AR5 7 61 K= Fadbo L5 238 LA2, E-mail: 1913771234@qq.com.,
*EEES: XM (1979-) , 5,14, 242, BF 5 @) R Sodm T L5 38 42, E-mail: liugs@nxu.edu.cn,


https://doi.org/10.13386/j.issn1002-0306.2021110311
https://doi.org/10.13386/j.issn1002-0306.2021110311
mailto:1913771234@qq.com

<10 - £ Tl B4

2022 4 8 H

BIAS SC BT, HBUERS A FE AN [ g RO, FE IR
TR L AR L RO RLBE | 2R EE R T
FERUEU, SR i AN R A A I 2 21 (RO0L R ) 4
T, REARHERRI 2R T — R B T2 e P 2 80 20
A T RR RUEAFAE, 3XF P53 245 UL Sk B L st ad
FERE RS 224~ RN O BT, B IR GE A B FEAS J2 AT
BA P BRI G R, TR — D 2r i 22 RS BT %338
G IR

H AT, £ SR 5E e 5% o T i A BTG 16 i o7 22
(U AT & B B S N 13 5 S U AP O b A DY S T 2
O 2l (T B o i 7 S UMY A [ S A e e T ol e =
i SRR B B R B R A 22 AR, R BRI ES A4 1)
T A TR B TR L I AN T T 223,
FH TR ER L0 2 S - BT R Y 22 RUB AR, LA R 23T
FRIRBE NEB IR S AN & A= shAsid#%, 2 RUE TG
KGR AT S A BRI (] R, R4S B
SRS S 58 SRR -5 T B A B A BB L s AT LB, T4
e b A b USSR TN EGAb B AR 1 & e, A5 B T
TCRIRBER GO FIALIE, AT ARAL S8R r O A A4
A4k, EESTAE TR PSSOMASERY, DAGEOULEY 31 124 A nd B
T FRRAEZARR AR b, P AR, & sy 22 RUEE IR
JEAG AR, PRI, 22 RUSHHR A J1 2 g2 H Ay
WS AR GRS fE T AR TR 338 1) — s AR .

RGN 242 5 R & 22 RUE I
JEHR G AL R, X2 A SRER A DL I 22 RBEVR AN
TRRFNRGEN T A2, I8 E FEOITIIR A R 5K
SHAREL, & B BT iR BRI RERERS O, I H .2 72k
BEMTE . FETF I, A SCEEE AT TR it
B R N EPUR G I s R 7458, T
TR J FA s R i) 22 ROBEREME: DA K 22 ROBE A5
TRARFN TV . A BAAAE 0 [ A IAH N e 48, LIHH
Shy AR VA B B v i R AR e R AR — o 0 B
R o
1 RERELEIEEMZREM

Z2 U Mot RUBE 9 A= R T4 326 (a2 e B
SR T ST 7 Ml o SRR At 20 2R S v it
FEAS BT 2 Al (RO, microscale) . 3% )7 220

(REE, mesoscale) . SEER (M, macroscale)

TR (ZWRE, macroscale) 85 22 RUBAE S, K
RUR G I CA s o Rt R B 2 N AR & f& kit
i B BEXT S B 2 BN . BiEid R A B
Z)EH . R RGHAG 2 EM ., ZREERE
BIFSR RBE v 5 1 A AL L TR A R R AR B v 5
FRGAGHET R R AL
11 AENRREEGEREMN

SRR 2 AN M 4R A ZH 2R K T AT T S O E A
SIRUBE, B AR A 1 R A FCAE AR B Ay 2
MR, X HE AR, T T AR R (100~
10° m): WLAE . ¥R BARZOUURUEE(10°~10° m)
PRIHIR AT LU FITI  fid) SRE A S W ZE (1070~

107° m) 4t . SR AL, R, RgE e — DR
ZRUFEGW, FE, RGeS MR ac e I
AP B2 A LG TV E A, X TARIURUBEZKSF
ANz fL . 2L, WErm AL XTI BRI R AL LA K
BT SR EE 0AE EAE A AR e 22 RUEE 7K
S TR

Y SR, RRRE K RN SRR G .
W 2SR R ZF L T EEs A0, DISE
SR ) FESSOR IR |, SEER AN 2 5 AR RN
30~300 pum 2 [a], HEAG OIS Fdn gl 2R 2wk
JEZ ST IS S TR NE T, SRR L 4 p AR
LA, ETEH R SRS TR R R R TR AR A 4
HrE) BRZE A, 7K A3 AN AR o SRER AN A AN Am s L
ARAEIEIBR, JL-F- o BEASERART 30%; £ 2R
b, SESR AT LR A r e B, L mT AN o LA
FURRIER)E S 10 m R IR E B . SRER R aE L FE 1Y
Z N EEREANE 1 Rt 4,

10° . |===]

10°

.
o

= O REEIE
% 10 gﬁiﬁg EMRE
= 4141
= SR
10°¢ 2l
: s
o | ORI
107 7 ey :
RS . . ’ ‘
10° 107 107 1073 107! 10° 10!
25 AR (m)

B R e a2 RUERHIE
Fig.1 Multi-scale characteristics of fruits and vegetables during
the cold chain process
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Fig.2 Multi-scale characteristics of the cooling system
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Table 1 Application of multi-scale computational fluid dynamics modeling in the cold chain of fruits and vegetables
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Table 2  Application of different solutions to multiscale model coupling
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