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Local Processing Mode of Contact Points for Apples
Based on Sphere Models
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Abstract; CFD simulations have been widely used in the study of precooling process of fresh fruits and
vegetables. This work established a quasi real three-dimensional model of Fuji apples, by comparing the
wall shear stress, drag coefficient, separation angle and recirculation length of an apple with those of an
equal-diameter sphere over a large Reynolds number range (10 ~30000) , and whether an apple can be
directly replaced by an equal-diameter sphere in the study of CFD models was verifed. Moreover, to
achieve the optimal CFD model of contact points between apple and apple (or the wall of boxes) and fully
consider heat transferring by contact among apples, two apples contacting with each other were studied.
From the accuracy of simulation results of the drag coefficient and temperature distribution along a line
from the center of an apple to the center of another apple, the optimal size range of four different ways of
the contact point modifications (e. g. , reduction, expansion, smoothing, bridge) for different Reynolds
number range was determined. The results showed that an apple can be replaced by an equal-diameter
sphere in academic research, and the maximum relative deviation was about 15% for all the physical

parameters in the whole range of Reynolds number; the accuracy of bridge methods was the best in four
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different ways of the contact point modifications. The predicted results were consistent with the measured

results by comparing simulation results with those of experiments, and the maximum root-mean-square

error and average relative error for produce temperature were 1. 514°C and 21.07% ,

respectively.

Key words; apple; cold-chain logistics; sphere models; local processing mode of contact points;

computational fluid dynamics; numerical analysis

51

FEBT R R R A BE Y T b, 0 AR SRR AR S BT
BB Z A0 B A 4, AT RE AE KR i R B T
BRI R] | AN A2 SR 6 L % A d By A7 S B BR
A7 e A R R TR PR BT, 0 SR AR B R AT M I IR
WAENEE, LY O 0 AR 2 H% a5
14 2R % AE T TP R 2R R A 25% ~30% , it v
b SRR B R RAL NS % ~10% , [, %) 2R Bt 15
IR HEAT R GEVE 0 2 AR I 5 2 WA IR % i U 3 A Y
BB F IR T B R RV S BLES K 3 85
] e B Y O A

BROE ISR (R i+  CHE AR 55) e i I,
2 3T AR M G ) BB G . BEE T RAL
FTHELAE 70 KR T, CFD (R B 0 78 7 6 SR 55 8
W) ST AR B I M KR B AR TR 2
W AN 19 38 A BRI B, A R s e T 4
LI 52 B0 AF 9T 1 52 4% B R AR A K AF B, [ B s DA
B3 5 56 (1) 7 WLATF 5% 45 6 0 008 L 40 5 o ) F 9%, B
S b 3R] 8 V2 % v SR B IR R 0 R s AR A
JRKE R P B v A 00 3 4 5 1 45, HL T 5 25 S o LS
PR TR M . R AT fk CFD [ A4b BE #4516 7%
AT o B g § R ST N A e cE R NE S
FHER AR AR B SR , L Ry By 552 30 9 4 K1 43
SER TR B ARt 2 k11 R o 5 R (IO IR RE 1T ) 2 [A]
B A5 B, R SR T R PR A R T X 2
AL SRS R TIPS 375 SR ] ¥ i
By Wiz T R e RS LM RN R 2B
TR 048 FL7E A R PO 0% 22 fi , PR 0, 2% ik o1 Jmy 3
IR A% Fa R ) 5 TR A S o 0 A L 5 O T AR A 10 6
Wt 5 i #i, DEFRAEYE %" DELELE Z£°-%
FERRUA %7 DL K R 75 80 2 B 98 v 06 25 B 1%
A ERTE S il e — 5 bU ) 400 T80 HE 23 B, AN AN ek 22
A RN TR FLBR R, H I A AR 40 52 bR T 00 328 B
AL ], 22w R R (i RE ) 2 (R] Y B 0 B
G, L F SOk P T R A% Ah s R B R ORELRE , D SO
F TR UERS PR 48 o AR SCRABRAS SRR A
I A2 il 1) S SR A IS 4, R T CFD #4003 4k L A
R ETIL ARG 55 HAR BRI AEAS 7] 326 R 1 50 R
T2 B A B i XK B BH T 3R R R T D)

il

RN Bk S 75 ] A1) 25 AR BR R R AR R S
JEARDEATWETE o XoF HL A BT 4 Foft SR i 32 Mk g 508 Ak B
J7 2O 2R i 2 TG BH 7 A8 B B i 2 A UL 1) 52 T,
SE A [ BT B Y Jm R A BRSSO 45 &
IR 9 06 6 U A D45 SR 1 A 1

1 #HRE7E

1.1 #BRB R MER S
1.1.1 B LR

PUVE LR A BSR4, SR A AR d, 2908 em,
XF A ELAR BRI 8 emo DAL A R AR M9 38 A0
ROTE W 5 S B AR KR (AVB.C D,
E) ¥4 5 sk h £, 8 5 5 iz i 4 i O 203K
IO L5030 SRR (LB 1) o H T ERAER S b )
W o S R s SN TET D 7 5 A < - ST 4
it SRR R [R], 430 E 174 AR R BRIK R 172 {4
TSR BN &, 3 B3R {7 B Bl 451
WEILE 2,

1 SR = YA gl A
Fig. 1 Modeling process for three-dimensional CFD

model of an individual apple
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Fig.2 Boundary conditions and meshing for an individual sphere and apple
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Fig.3 Schematics of contact point modifications
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Fig. 10  Temperature distributions of L, for different contact point modifications
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