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Fig.1 Schematic diagram of sweet potato slice model

21 #=HTE
fetATi e .

pcp%wcp - VT=kVT (1)
Ao T— B 20, C ;50— 8%

JE  kg/m®; C,——H B 19 o 2 T/ (kg -K) sh——
T EE, W/ (m-K) su—25 3 I B Pa
TR A s

1% J5i Jy flel,

%w- (=D C)=0 (2)

L C——IK A W B mol/m®; D———F RUIK
SR, mYs .,

& T D %A X (3) A5 T,

n+ (kVT)=hy( R_Tair)_vam (3)

X, h—— A, W/ (m?-K) ; T—H
BRI C TS R, °C5 H,
R I kg sn——HN Ik 1) i g, —— H BV
TR FAAVE I R] K 2 kg/ (mPes)

LS BRI %A X () 15

S;t

e
7%
AR

n+(kVT)=0 (4)
e T T2 2% R i 2 (5) A 7
n+ (DVC)=g,=h,(Catioc=Cir) (5)

Ko, D—V 8RB, mYs s h,—— 1L LR EL,
m/s 5 Coupee—— H VI R T K 28 W mol/m’;
Ci Tz K P K ZE R E , mol/m?,
18 SO FR i B A B X (6) 15 i
n-(DVC)=0 (6)
22 HEVRWWIEMR
0 2 IR BORT LG PR - 5 R BE RT K
Iy A O, A LA R
K,=0.0397+1.0695M,+0.0037,—-0.6349M,> (7)
C,=1304.9+2300.4M,+24.6627 (8)
Xh  K—HERWSFHRER, W/ (m-K);
M,——t I ZI 08 HE 5 K% ke/kg; C,——H E R
M A ) (kg K) o
2.3 BIRKDTHERHE
W 4 AH G A8 UK 53 5 8 R B Do (m/s ) B =X
(10)F=m,
l) f /1 0
Dr:fz(i)

. ©

KH D ——ZHY R s, 1R

UGB KRR A, F A 0 F ¢ W} Z1) H 2
YA B9 LA, m?,
p.+M,p.
A:AO pw+M0ps } (10)




202 S LI = T S 2024 455 1 4]
o, My WU 5 KR % 3p,——IK I BT 48 J5 0 25 A AR FE 60 °CTF 500 mlL 7K

I ke/m s p——H BV R % keg/m’,
3T Arrhenius J5 B2 % JE IR B A G A ROK 43
PR Dy oo A2,

h(:

Du=Dge " (11)

KL E——i% 1L g kJ/mol ; R,——i F < 1k
WH,8.3145 J/(mol - K ) ; D——FL 34 # m%s
24 R ERRBWITE

A& /AL T 2 00T 38 13 Nusselt 1 Sherwood
BotEag i, R ERBOT A (12) k0 .

5L 30 min 5 45 B 5B, 5T 2 K 4 B
BOT R K W 5 (14) e B 1)
W,
W,

Sl W,k B K 1 g W
PR B R g,
3.2 pells

ST €525 (500 B T4 05 RE R OB, 26
2 (15) 157 240 250,

RR: (14)

2 2 2
AE=V AL +Aa +Ab

(15)
h.L 05 033
Nu=—"—=0.0296Re Pr (12) s, AL, Aa Al Ab——FF 6 H 35 1 F T4 5
A oft LR B miRe—— G g P 19 Loa D ZIIOZE S
A PR 3.3 REITEM
6] B 5 R 26 00T 38 ek 2 (13) S 0 5 JE U TR BOCHE 2 10 £
h L 08 033 KAWL (5 2 B S 4 bk i
Sh=—"—=0.0296Re Sc (13) 5B B 2 sk o] B o R R
D 20~40 % ) fH 16 555 5 1 Ok FI W T 5 A 5
| Se——iti BB Re—— B VB8 B, AR, He 1~d o R R i AN B, 5~7
Xif L5 BN B R, 8~10 R i | 11~13 R &
3 REEH W, 14~16 X AR i 5 0K o A it 76 23 (25 °C) 7%
31 Skt R AN
z1 BERMUHARNSH
Table 1 Parameters of numerical simulation study
S 15 B LK
HF B % kg m? 1082 [18]
RA-KERG R ZY K FH/m? s 2.5x10° [17]
EAE BRI kg 2503000-2386T [21]
1
NE X 1- 1/0.667
R [14(x/0.0877)"" | [22]
% K/ B JE/mm 5.8 KBFR
H ¥ K/ H#2/mm 23 KBFR
&AL AR /K] - mol™ 24.98 AR
1% R JEIC 25 AR
HE A AR ST K A 3 50,60,70,80 C/m*-s™ 9.73561x10™" AFFR
1.2025x10” AR
1.78882x10” AR
2.05x10 AR

4 HREHZMH
41 HERARTFRAKS L TUEEST

K W R A SR o 3 BOT RS Bh
7, RV B2 ARORTNSC 4 1 A 3 1, TN 45
5 IR R BEAT U, R B IR AR T ) R A

[F) 48 45 F T 3 48 RSB 7K 43 H 1 b e 25 2
B2 B, H At e 48 0 A 404 -5 30 50 11 1 o
TEREU(RY)TE 0.976~0.994 2 8] 4K H6iI6 E B e 2
ZBUNAE 0.944~0.984 2 [a] , LAY T 5iREA
KB RBOK S BERERBN S, RS Y



245 FH1M

PR T IR R 8 FROR AR 8 203

1.0 m 50 CikEaf
: — WA RRT T A
---- WE-AROKSY AR

K43t
Moisture ratio
e e e
= 5 @

:

e
o

PR T ) S

0 0 0 B0 20 0 300 o0
T4 I 1]

Drying time/min
(a) 50 °C

e
=3

= 70 Ciklp{E
— KBRS MR
0.8 -o-- RE-ERURSY BERY

Koy
Moisture ratio
(=]

0.2t
0.0 L - |~>"-"-~><.»--_ = p———— Il
0 50 100 150 200 250
TR ]
Drying time/min
(¢)70C

L2
Lo = 60 CikI{E
— ARk MR
- BE-ERKST RS
=]
oF
= <)
/\iq =
%z
=]
=
5
TR0 ]
Drying time/min
(b) 60 °C
L2
- = 80 CikIfH
—— R AR R
) B Ak AR R
2 o8
o B
= 5
R % 0.6
% 3
=]
=
0.2
0.0 I 1= == = — .
. - 100 150 200 250
AR
Drying time/min
(d) 80°C

H2 AEBAFREETHEKEHE

Fig.2 Moisture content curve under different drying temperatures
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Fig.4 Comparison of simulated temperature and test value of sweet potato slices under different hot air temperatures
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Analysis of Heat and Mass Transfer in Hot Air Drying of Sweet Potato Slices
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Abstract In order to investigate the temperature and moisture distribution in sweet potato slices during hot air drying, a
numerical model was established to simulate the heat and mass transfer processes at different constant drying temperatures
(50, 60, 70, 80 °C). Due to the significant shrinkage effect of the materials during hot air drying, the effective moisture
diffusion coefficient changed, which affected the accuracy of simulation. Therefore, this study compared the heat and
mass transfer processes, accounting for both temperature and shrinkage-related diffusion coefficients. The results showed
that the shrinkage-related effective moisture diffusion coefficient can describe the hot air drying process of sweet potato
chips more accurately. The coefficient of determination (R?) between the simulated value and the experimental value,
based on the shrinkage moisture ratio and temperature, ranged from 0.976 to 0.994 and 0.961 to 0.981, respectively. To
determine the influence of different hot air temperatures on the quality of dried sweet potato slices, the optimal tempera-
ture for hot air drying of sweet potato slices was 60 °C based on the analysis of color difference, rehydration rate and
sensory score. From the simulation test results, it concluded that the effective moisture diffusion coefficient increases with
the increase of hot air temperature, and the heat and mass transfer coefficients were significantly affected by the change
of sweet potato chip temperature and drying process. The developed model can serve as a reference for simulating the
drying process of other agricultural crops under various drying temperatures.
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