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Prediction on Fruit Temperature and Weight Loss Rate for Litchi
Pre-cooling Based on Heat and Mass Transfer
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Abstract; Pre-cooling is one of the key measurements for litchi fruit preservation after being harvested,
and the performance of pre-cooling has a great influence on the quality change of litchi fruit. In order to
investigate the heat and mass transfer during the pre-cooling process, a mathematical model was built to
describe the heat and mass transfer phenomenon in the test bed with controlled atmosphere for fruits and
vegetables. The mathematical model was built based on the theory in heat dynamic mass transfer, and the
temperature and moisture loss of the litchi fruit during pre-cooling process was calculated. The effects of
fruit weight and initial temperature on the process were investigated. After that, some results can be
made. The time of pre-cooling became longer as the weight of fruit was increased, however, the speed of
moisture loss would be decreased. When there were 10 kg litchi fruits, it took about 350 min for the
temperature of fruit decrease from 25°C to 5°C by the same stack method, and the weight loss rate was
roughly 2. 16% after pre-cooling. It can also be drawn that the speed of weight loss can be reduced by
decreasing the initial temperature of litchi fruit. A test was done to verify the accuracy of the model, and
the test results were matched well with the results from calculation, the maximum difference between them
in fruit temperature and weight loss rate was 2. 8 K and 0. 3% , and the mean difference rate was 13. 1%
and 10. 7% , respectively. The research results can be useful for the investigation of the heat and mass
transfer mechanism in a cool room and can be used to predict the temperature and weight loss of fruits
during pre-cooling process.
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Tab.1 Thermal properties of litchi and air

Ty, Y SR
B . y .
(kg'm ™) (Jo(kg'K) ') (W+(m-K) ")
Wk 932. 89 3710 0.51
JR A BE g 1612 2 004. 44 0.05
S5 1.225 1006 0.0225




%3 1

S5 U] A TR AR TR R T 2R IR A B A 2 AR B 325

2.1 EEEHERBAZKRITE
ZATERHLR IR SN T 228 K i, 1l i Wi A%
I G2 K BT S, g AR N

k(T,-T,)dS,=m,C_ dT, (2)
k,S,
40, :exp( —W) |
T,-T,=6,(T, -T,) (3)
qrb ok, 75 A A A Z B 20, 63 W/ (m” - K)
T, ZE R il T, 268, 15 K
T R IE K

S, PR BALPE L BT 104 m”
2R kg/s
C,— = EE LA, I/ (kg K)

2.2 EEH5EEYRZHKRITE

2578 R A SR, A R EE R A, 3 5 T
L B Al 31 3k P e 2 5 5 A B W R AT B sl . RS R
ORI S|

k(T -T,)dS, =m,C,dT, (4)

m{l

kS,
B0 =exp( - 0]

T=T,=6,(T, - T)) (5)
A kR R MR W/ (- K)
SRR YIRE 8 5 s R AT RS e R 1w
F,m?’
T BOR SR K
75 BB R R BT R

6(1 -
a, = (dpa) (6)
X o, —HERYEREGR, m*/m’
& AT W 1 ) B %, B 0. 3
d,— % HE, ] 0.03 m
L3 RACH T, 75 AT W) IR AR AR OR
a7, a4y _mC(T - Ty) 7
dt  C, m,C,
M %=3.0049X10“exp(%) (8)
S

L C— R G % A 1/ (kg K)
g B SE I B, W/ kg
¢ R YL B[R], s
m,—— 7 R B B kg
7 R L SIS R G SR 2 W R N
-8 528. 57) (9)

Tf
K Reo,—— B BCRSEM P # A, mL/ (kg-h)
T YA ST N
C,H,0, +60,-6C0, +6H,0 +2816 k] (10)

R, =1.99 x10'4exp(

2.3 EEEHPEMRRZTHRTE
SEPR b R PR LE S 45 R A T B AR AR S 1Y, oh A
PR A AL R T P E o DRIk, A A 70 5 id 357
KR A 24 47 45 ) A AR P, 5 PR AR P9 Al B8 X 755
PO i RE B RO o SRR R 3P 45 4 5 25 U2 18] 9 R g
A(T, -T,)dS,

a =m,C dT, (11)
ALS,
women( =)
03T3_T4:_(1_03)Ta (12)

b A, — KB S ARE, W/ (m-K)
d,—— IR ZEf 4540 S BE , m
S, —— Rk e 2 kg iy R HL 6. 273 6 m’
T,—— A s 2 <l B K
2.4 EERNHBZHRIIE
R A2 e ¥ — A8 23 v RE % AL M AL RE , BK 3 =5
B — R E AL S IAGRE L A TR . AR AR
RYRTHERE BE B UL 5 25 0 A 4ot Bt % 7 o 38 A5
R Z L BN KR
T, -T,
de
L P——RHLI % kW
k,——H LA R , B 0. 9
2.5 EREZYERIE
o R A AR T 2R B R T K 28308
JEI S K 43k 4 AN RS, DA 5 200 B R 5
KoK o B, HEARAG 2 5 RS0 R T 1 K728 o
JE 22 DA B 2R B 0 4% 5t 2% 58, 3R RE SR 15 7% BSOR S H
AL [R] N 1 B 400 2 38 R H R THT I /K 28100 s —
PR T BE T A R K Z8 AR g, R 8 7 B R
7K A3 16 BE R 1.0, T 28 <N 28 & 4 ok Ja ik
BT KRR L5 BB, AR ST 5k
KRR KR
m, =ak,(p,-py) (14)
AP m,——RAKHEER kg/s
AR LR A KR, m’
ke, —— R 5 25 AL TR B kg/ (s+m” - Pa)
py——RILRMEPMKZES T, Pa
Pa R NS S MK ZESRE ], Pa
AN TRV R B AN K 2R T R O

B
1
T,+C (15)

XH p AR ZE ), Pa
A.B.C— %, 4y 5 B 16.37 .3 676. 66 .
—43.42

m,C,

=P(1-k,) (13)

as

lnpsal =A-




326 & A Bl B ¥

2019 4

3 MESHE

3.1 R HE

IS MR L T B, R 90% L 7 H
JUIMTTHG X, TIE R R A, 12 B AR R,
BRA AR, e R /N 51 R Tl e .
3.2 REERAFHHREAR

T /N R e A Y A R 5 R R R R S
B Z R SRR 2 Bk IR E A
FE W IR AL XUPL AT LB B AR O R
AR AN U W R A% R S A AL R, A AR R (K x
TxE)NO0.3mx0.1mx0.1m, B EHILIEE,
JEBE 3.6 mm, H il ¥4 & 0 ] RGE 48, b
1 em JELRAR, DA/ Fb S X 58 2R 5 A 5
TERBLATVE T, A0 DA D 4 2 28 [m] JXUIE 3] 35 i v
o, R B REAR S BB R, L E R, R
testod25 FYFRLL S M AL (FEFE K 0 ~ 20 m/s, K &
29 0.03 m/s +5% P iR ) P06 DU 5 R R IR — 1A
12 SR A TR R PN Y B BT AT WA R T 1AM B A%
TR T 7 s R S 3 TR B AR AT DU 5 R T B LA
Tl 28 490 %08 U JBE AT 42 1 5 50H SR AR A S B SR A A
PAL P L R O 3 R A Ak, K TR R AR P XU
0.0.20.0.50.0.86.1.14 .1.40 m/s #4785, 3F i
SR ] o

7 =
|

K2 NARE SRS I &

Fig.2 Small-scale test bed with semiconductor for cooling
LRSS 2. MR E 3RS R 4 5T L
5.PT100 AU AL s 6. M EEEE 7. XL 8. [l XGHE
9. FHAFERL 10 R — AR 11 BT LRI RS 12 8
i R AR AX

R B A i A5 3 AR Bz i AR, il o L 1 R
AR AT TG 7 BOR S5 1 R 22 5 g X (15) R
T AR B R T K 28 U 15 45 A K (14) L 1%
H 2R AL AR BRIk A

m
w

k (16)

" a(py-p.)
L p,——EENSSKESIIES ,Pa
3.3 WA

Tive ¥ 5 A A K2 B B A& B A5 A
PREFRI T & 1 W) M AR A AT B 3 s Bk
VRN ST SR 5229 10 kg, I 55 70 OE T 3 20K
EHEATHE R . R 9 A PT100 %I 5 FF 14 Jk s I & 7R

SEURBE . IO Mg A (BEE 3 A4) L, 4 A PT100 !
AL IR Y 51 A BT I B W K AT B AR
BT 1 3 HE RO R AR I AT SE T . AP 23 I 9
TR N 25C . 7 bR ST F JS B R
FR-HEATI A . B2 5 15 A A B4 e, < R
7, B B KGE XGE Y 10 m/s PSR EE R 3 ~5°C,
TE IV o S Ul 0 i 0 35 A SR 52 L % A P R
B2 K i RO R T RIAR N . R 1 h
AN B AR PR I — YR 3 R T, 24 2 min
PS8 8o XU ASCR Sk T B 98 BB PR 4 £ P XL
Mo BUS5/6 B IR T4 g e 45 AORR U, X
T 75 R 1 92 7 B 0L B R B Al SC I 45 IR TV .
AR 9 A4~ PT100 B3 B 4 18 2% 4352 B0 - 2
i, A ER 3 K,

1

L] I
8
-2 -
“-‘-\.\ o i o //
- A:-l \ R /ﬁ
Qe 5. 81 o &) l]
”I [L T /
. tl o e e

3 YRR A
Fig.3 Location of products and sensors
Lo XGE 2. PTI00 AL A2 0% & 3. BRHE 4. P adE dil 1%
AR S HBFRT 6. LM 7. K JE 8. A HAbE
il 4 R

3.4 HERBEHIELE
XA L ) 2 B R AT A B ST OR i O

dn—AT B (17)
FT
dTw )\H‘S,A.( T,, - T%)
—“ =BT, ——"—~ 1
dt “ m,C.d, (%)
CT, =DT, +E +FT, +GT, (19)
C C
Horh A:[O MaZa  _Mae O] (20)
==
%E]
20
T = 21
C5.0 (21)
H
L0
B=[L (22)
¢
¢I=[q‘/] (23)
Dal -1 0 0 D
Ho 4 -1 o Y
c-0 O (24)
Eo 0 e, —15
hC 0 0 -mC, [



Sk W] A TR R IO 5 B T SRR A5

P SR T 327

%3

o O O
O o O

p=0 O (25)
O-(1-6,) O~
O |
O o Ol
o 0 O
O o Ol

E=0 O (26)
0o o E
%(1-@)5
o 0 .|
EL(1_02>D

F=0 O (27)
O o 0
O O
O o Ol
D_(I_HI)D
O 0

G=0 O (28)
0O o 0
O O
) O

HIFH Matlab B f00 8R4 TSR, 158 75 BOR IR T
PR R 5°C LTI . SR IARR R 2E A T AR
E 4 RS PRI 25 S 5 A R 22 5

4 EHRESN

4.1 BEREAIGEEEREH

L, KA T AN [6) KU T 7 R R 52 5 Bl
B[] ) AR ARG 0, 38 MRS 15 B0 0 BUR L 25 6
1% Jot 2205 R 1 ¢ R

—(2x+3)><1078 (R*=0.9105) (29)

Xrp y—ﬁﬁ%%«ﬂ‘cd’gﬁ?ﬁ kg/ (s+m’-Pa)
B NP KGE , m/s

TTﬁ(/\ﬁﬂ/\tF‘ 2 (5] JXUE XU R 10 m/s B, 37
BEN BB XL R 0.10 m/s, L, %187 3
BOR S L5 A % R RO 3.2 X 10 7" kg/ (s+m’-Pa) .
4.2 HEZERSABWEIE
4.2.1 HRogi| g

W B AU SR i 45 R 50 45 R T X Ee L g5 R
Bl 4 Jirs o 7 BCR SCIR BE N 25°C [ 2 5C 475
350 min, 75 AR I B T A R AL HO5 IR
G5B G, AT LA 7 R A SR BE T e R et
JE g, [a) — I 20 g5 R 22 Sy 2. 8 K, - R ) 58 25
13.1% B R E S IR 2R 16.4% o 7 AERZER
Ji PR AT BB A B AT 25 B B L AH X I J3E 45 PR 3R 6 a5
WA, W, b T RA R, 2%
PT100 AU AL B a7 2R S P i A2 8 5 ol A 8 2
A —E B 2 o
4.2.2 CRIFE KRR

WA TR ARAS T A TS 1 R A SR S R

PR AR AL O, 5 R (7
/?\‘O

FIXfLe, e s pie

300

a8 SRk T

— i
200 L

285

FEIIRE/K

280

275 |

270

L 1 ! I L L 1
0 50 100 150 200 250 300 350
i} [E] fmin

4y BUR SR B A B0R i AR AL Al
Fig.4 Temperature variation of litchi fruit

during cooling process

'1_5_
§ 20
## " B
151 -
= 10
o —itE(E e
B 0.5
1 1 1 1 1 L 1
0 50 100 150 200 250 300 350

{ief (6] femin
5 FHBOR LR ARUR R AE B R P R L
Fig.5 Weight loss rate variation of litchi fruit

during cooling process

MBS AT LLE Y, 7 A R S o A 40 % 4 B 1 v
NS VA SN L o W €5 R 1 T i 7
Z)H2.0% . JE XL, R S T AR A
— 3, KW ZE /DT 0.3%, F B M X R E R
10. 7% Y07 A 43 Wi 22 12.2% , uE W] 1 Jr
TR LA A v A A
4.3 B SERRE A
4.3.1 B A iR

Kl 6 & A [F] 75 4% 5 i (10 .20 .30 ,40 .50 kg) %t
TV b B v S SR AR A R S . N R LLR
L 7 B SR RS N 25°C (298.15 K) [ & 5C
(278.15 K) ,10.20 .30 .40 kg 5 52 fr 55 1 B 5] 43 51
254 350,710 .1 020 .1 340 .1 705 min,

300
295

290

SR/

475 L 1 L i L i i
-0 250 500 750 1000 1250 1500 1750
i) /min

[ 6 5 0BT X TV I [R] B 532 1)
Fig. 6  Effects of weight of litchi on cooling time
T RGBT, B i A R S
Ul %iﬂ’ﬁrﬂc 6 00. MBI AT LA Y, B8R 50 B



328 £ Ak Pl ¥

20109 4

/N, T I (R L HR S i A0 Ok R b T
BOR o X T 24 3 B a3 R, s R 52
A8 e 3 P8 R, s ORI T ) T e S
55 R B AR K 8 UM AR B 22 ] ) 22 {0 R %
WG T 7 BOR LB R K o AE T 25 R, 4 B o
2 10.20,30 40,50 kg Xf I 4 5 52 5T B 451 2k A 73 531
BET 2.16% 2.71% 3.20% 3.69% 4.19% ,

—— |0 kg
——20 kg

PR | T T 1

—— 30 kg
——40 kg
——50 kg

1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600
i E] fmin

B 7 7 A0 5 o S S o A5 45 2 2 5

Fig.7 Effects of weight of litchi on weight loss rate
4.3.2 WG EE XS PV O R Y R

8 J& 75 AW U Tk B 0T SR S I 5 R A e
M AT LA Y A R SR W A6 R A R T
AR JE TV B TE] . 24 R AR BE O 30°C (30315 K |
25°C (298. 15 K) ,20°C (293. 15 K) .15%C (288. 15 K)
F110°C (283. 15 K) B, Z5 B R LR R 2 5°C
(278. 15 K) fif & 1 18] 43 51 24 24 400 .350 300,240 .
150 min, A, 2 7% BOR 5 56 28 0 PRl 3008 445 e

305 =303.15K
300 —-298,15 K
< 295 293,15 K
B —=288.15K

290
o 285

280

—-283.15K

1 1 1 1 1 | 1 1
[§] 500 100 150 200 250 300 350 400
] fmin

Pl 8 25 B 4y T L o T v B[R] Y 52 i
Fig.8 Effects of initial temperature of litchi

fruit on cooling time

KoK v 55 K 28— PR E AV IR, T 4 A
BRI FU B i [ AR 0 JRUATL 97 7

P O J2 35 A0 i it JEE o 2R 592 oo 451 2R R AR AL Y
SO o 5 A R S T R R R, AR Bz 3T A K 2R R
RN S B, IR sl /N 1 5 23 0 T B UK 2 <A
IR 3 22 | SRS 5 K AR B0 e il B2 A8 o I /0, K
HARESERIG AR . Y P 5 A, B ) 4R
JEE B e BIAEOGH IO P SR 5 T 40 Ok R S 3. 17 %
2.17% \1.98% ,0.92% .0.45% |,

351

3.0F
B
825+
:_: 201
R —=—303.15 K
g 11 ——208.15 K
R 10k -=-293 15K
= ——288.15 K

05F —-—283.15K

1 1 1 1
0 100 200 300 400
Hid (6] fmin

9 F5 w0 IR i BE X R S B e 450 2k S ) 52 )
Fig.9 Effects of initial temperature of litchi

fruit on weight loss rate

5 HWRIE

He T RGO AR B 5 AL T AR
PO BOARE R, 25 18 T RS EAR PO e i
MR o 8 I AR A T 4 BOR L LR S AL R
B, 52 U 755 Ay R S FIVA I W) B 1 2 R 0 AR A ik
AT oEm 0 R i ge BEAT Bk . AR B0 i A s R
ST A S (E i R 22 9 2. 8 K I A iR
26 13. 1% BT R A 73 LR 250 16. 4% 3 KRG HHAE
SR Y AR5 25 0 10.7% 35 07 R 4y iR 22
N 12.2% o HEEREM, R 50N A AR
R, TP I [ A Lo 45 2k R TR /N e 75
AR S BV A A6y i FEE AR, AN L AT L4 L v P 00
(], 3 AT A G B S B B e R L T

£ % x W

[1] CHERONO K, SIBOMANA M, WORKNEH T S. Effect of infield handling conditions and time to pre-cooling on the shelf-life
and quality of tomatoes[ J]. Brazilian Journal of Food Technology, 2018, 21. ¢2017016.

(2] BUWEHE,XUTT, RO 2E. Pve (v B i A B B Ok o 7 78 3 b Tl

M [T]. &5 S5 P ,2012,28(2) ; 174 - 176.

YAN Liping, LIU Sheng, RAO Xianjun. Effect of pre-cooling, low temperature transportation and retailing methods on quality of
broccoli[ J]. Food & Machinery, 2012, 28(2): 174 —=176. (iin Chinese)
(3] EfE. FA2Hm B0 8g o i RSl mi s [ D], Ure : Il R de s k2, 2013,

WANG Weifeng. Theoretical and experimental study on pressure precooling of tomato[ D]. Ji’nan:Shandong Jianzhu University,

2013. (in Chinese)

(41 XUk, H YT Rl e 45 SRR BA KU 5 RUBLRERE RN T8 SR MY SEIR BT T i [ D] 82241 ,2005,26(4) : 17 - 19,24

LIU Bin, SHEN Jiang, ZOU Tonghua, et al. Theoretical and experimental analyses of influences of pre-cooling air velocities on

energy consumption of air fan and pre-cooling effects[ J]. Journal of Refrigeration, 2005, 26(4): 17 =19, 24. (in Chinese)
(5] oyl jRyL 45 . I B03E XU 25 R BR W S B2 B A [ 1] WA LA ,2003,31(9) ; 46 - 49.

HE Hui, SHEN Jiang, GUAN Ping. Mathematical model of spherical fruit and vegetable during pressure pre-cooling for vertical

ventilation[ J]. Fluid Machinery, 2003, 31(9): 46 —49. (iin Chinese)



%3 4 SRR A BT R AR TR A A R T 2R U AN B A A 2k R B 329

[6]

[9]

[10]

[11]

[14]

[15]

[16]

[17]

[18]

[20]
[21]

[22]

[23]

[24]

[25]
[26]

JEEIR MRS, R A SE L T 5 B IS RN BT AL A BRI AE SRR R B R [T ] & TR ARAT ST, 2013,31(3)
116 - 120.
ZHOU Huijuan, YE Zhengwen, SU Mingshen, et al. Difference of peach heat conduction and quality during precooling, cold
chain transportation and shelf periods[ J]. Nonwood Forest Research, 2013, 31(3): 116 —120. (in Chinese)
CHOURASIA M K, GOSWAMI T K. Simulation of transport phenomena during natural convection cooling of bagged potatoes in
cold storage, part 1: fluid flow and heat transfer[ J]. Biosystems Engineering, 2006, 94 (1) : 33 —45.
CHOURASIA M K, GOSWAMI T K. Three dimensional modeling on airflow, heat and mass transfer in partially impermeable
enclosure containing agricultural produce during natural convective cooling[ J]. Energy Conversion and Management, 2007,
48(7): 2136 -2149.
DELELE M A, NGCOBO M, GETAHUN S T, et al. Studying airflow and heat transfer characteristics of a horticultural produce
packaging system using a 3-D CFD model. Part I[ . effect of package design[ J]. Postharvest Biology and Technology, 2013,
86: 546 —555.
TUTAR M, ERDOGDU F, TOKA B. Computational modeling of airflow patterns and heat transfer prediction through stacked
layers’ products in a vented box during cooling[ J]. International Journal of Refrigeration, 2009, 32(2) . 295 - 306.
EBR L BRMOR TR . B AR TRl KBS BUE T 5L IR E [ T]. ARl T2 4R ,2008 ,24(8) : 262 -266.
WANG Qiang, CHEN Huanxin, DONG Defa, et al. Numeral analysis and experimental verification of pressure pre-cooling of
golden pears[ J]. Transactions of the CSAE, 2008, 24(8) : 262 —266. (in Chinese)
FERRUA M J, SINGH R P. Modeling the forced-air cooling process of fresh strawberry packages, part I : experimental
validation of the flow model[ J]. International Journal of Refrigeration, 2009, 32(2) . 349 - 358.
LAGUERRE O, DURET S, HOANG H M, et al. Simplified heat transfer modeling in a cold room filled with food products
[J]. Journal of Food Engineering, 2015, 149, 78 - 86.
JALALI A, SEIIEDLOU S, LINKE M, et al. A comprehensive simulation program for modified atmosphere and humidity
packaging (MAHP) of fresh fruits and vegetables[ J]. Journal of Food Engineering, 2017,206.88 —97.
LAGUERRE O, FLICK D. Temperature prediction in domestic refrigerators: deterministic and stochastic approaches[ ] ].
International Journal of Refrigeration, 2010, 33(1) . 41 -51.
LAGUERRE O, HOANG M H, FLICK D. Heat transfer modeling in a refrigerated display cabinet: the influence of operating
conditions[ J]. Journal of Food Engineering, 2012,108:353 —364.
HOANG H M, LAGUERRE O, MOUREH J, et al. Heat transfer modelling in a ventilated cavity loaded with food product:
application to a refrigerated vehicle[ J]. Journal of Food Engineering, 2012, 113(3) . 389 - 398.
FUE AR, EA A R R 45 B i FERYSE R [ J/OL ] el HLBK 4R ,2013,44(10) : 203 - 208.
WANG Juan, TAN Jincui, WANG Xiangyou. Effect of air velocity on pre-cooling process of agaricus bisporus [ J/OL ].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44 (10) : 203 - 208. http: / www. j-csam. org/jcsam/
ch/reader/ view_abstract. aspx? file_no =20131033&flag =1. DOI. 10.6041/j. issn. 1000-1298.2013.10.033. (in Chinese)
G0 ETANES X)W, S Y R R A R S SR R R A [J/O0L ] A HLARAE 4 ,2013,44(6) ¢ 175 - 182.
LI Jin, XIE Ruhe, LIU Guanghai, et al. Establishment of cooling mathematical model and analysis of influence factors for
refrigerated trucks[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(6): 175 - 182. http: /
www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20130630&flag = 1. DOI: 10. 6041/j. issn. 1000-1298.
2013.06.030. (in Chinese)
Fluent, Inc. FLUENT 6. 1 user’s guide[ M]. Lebanon, NH: Fluent, Inc., 2003.
TRIABE. 3 A% B s LT AN AR S T4 e AR DL S [ D ). TN AR g AR lk oo ,2006.
XU Fengying. Study on mechanism heat and mass transfer in litchi vacuum & IR combined drying[ D]. Guangzhou: South
China Agricultural University, 2006. (in Chinese)
MWW, BBA, BiRE, . ARG BCR RO R EEUE AT S BAE[ 1/ OL]. AL HUAAAR , 2016, 47(5) (218 -224.
GUO Jiaming, LU Enli, LU Huazhong, et al. Numerical analysis and verification on characteristics of temperature decreasing
of litchi fruits with packages[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (5) :218 -
224. http: // www. j-csam. org/jesam/ch/reader/view _abstract. aspx? file_no =20160530&flag = 1. DOI; 10. 6041/j. issn.
1000-1298.2016.05.030. (in Chinese)
SONG Y, VORSA N, YAM K L. Modeling respiration-transpiration in a modified atmosphere packaging system containing
blueberry[ J]. Journal of Food Engineering, 2002, 53(2) : 103 - 109.
LE PAGE J F, CHEVARIN C, KONDJOYAN A, et al. Development of an approximate empirical-CFD model estimating
coupled heat and water transfers of stacked food products placed in airflow[ J]. Journal of Food Engineering, 2009, 92(2) .
208 -216.
XURE SR HEE , M 4L, KA ANZEVRIEAY Antoine J5 PR R ELBE (], S 4L 12,2009 (13) « 32 - 34.
KOCA R W, HELLICKSON M L, CHEN P M. Mass transfer from ‘d’ Anjou’ pears in CA storage[ J]. American Society of
Agricultural Engineers, 1993, 36(3) . 821 - 826.
DELELE M A, NGCOBO M, GETAHUN S T, et al. Studying airflow and heat transfer characteristics of a horticultural produce
packaging system using a 3-D CFD model. Part I model development and validation[ J]. Postharvest Biology and Technology,
2013, 86:536 —545.



