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Heat and mass transfer of Dioscorea opposita Thunb. cv.
Tiegun slices during hot-air drying process
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Abstract: [ Objective | This study aimed to investigate the mass transfer of Dioscorea opposita Thunb. cv. Tiegun slices, the heat transfer
of the drying space and yam slices. during hot-air drying (HAD) process. [ Methods] Seven thin-layer drying models were used to fit the
drying curves of yam slices during the HAD process, and the optimal mass transfer dynamics model was selected finally. Thermal
conductivity and specific heat capacity of yam slices were measured at different temperatures. ANSYS software was used to simulate the
temperature field changes in the drying chamber and the temperature changes of yam slices. [ Results] The Modified Page model can
accurately predict the moisture changes of yam slices during the HAD process at different temperatures (R°=0.998 96~0.999 86). For
HAD), the temperature inside the drying chamber was generally high near the air inlet and outlet on the horizontal plane, and was slightly
low in the distance. Differently, the temperature decreased mildly from the top to the bottom vertically. During HAD, the temperature of
yam slices was the lowest in the center and highest at the outer surface. The temperature difference between the inner and outer layers
gradually decreased, and the temperature changed faster in the early stage than in the late stage. The maximum temperature difference
between the measured value and the simulated value was 7.75 °C, and the minimum was only 0.07 “C, indicating that the simulation results
were reliable. [ Conclusion] The Modified Page model and ANSYS software can accurately predict the heat and mass transfer of yam
slices during the HAD process.
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m%ﬁﬁﬁ%ﬂ@%%ﬁﬁﬁ%ﬂﬂ"ﬁ fEOBT Sl 2y SRECAE W, Nis i B v B A, RS T“Jimﬂﬂ“%u'ﬂfﬂl
FR K o3 5 A SRS R AU T T A 0, HL RZF R RIS R IR TR S

EE&THE WA &S F R EBRE E (45 : 18B550005)
BIEEE K = (1979—) , & W Rl KR #0824 . E-mail: panglingyun@163.com
R EH:2023-12-07 Y FE HH#E:2024-07-02

157



158

F &R A DEVELOPMENT & APPLICATION

1IN AR 2 — TR 2 R R R WA 25 T
S T o T T L AR A% 3 2 W Rk O AR £ e
PR K 43 ) A0 A% 1 3 B 7E T ok R b B A A 0 )
PN 1% 338 AT K 3 ) 1) ST RS, B 3 TR s 0 AT, B 0 7
T, DRl 0k 3 A A R e i T P A T A A
23 0o R L AR R A BfL SR A T R RO, 2
KA S 7 T 20N A T R P S oK 4
RV TS 0 A B (R o T BE AU 21 A1 BBk A AU
TR ADLAE A 56 (B 1Y DR S8 R 03 B 0.893 0,0.911 15
UF A SV S TR A e Su g V=R O b 1R
43 A FK 53 43 A 109 78 A0 B 5 Yuan S98E 57 T 3R AL
I S8 2o AR v 1 A% A — A TR G I ) — R AR R A A
IFHEAT T BE R, S B AR T 0 A P S L A 3
G A FUK G343 A 34950 A UL (E 5 S0 ] 9 R KA X iR
ZEMETF 10%0 5 Ju S BERL T % AN #R 1 A it o R [
AR B A5 E T A0 A5 A% a8 R v

FELLZ5 TR b, BT N Ah AR 2 T R A
AT 7 o B O R WL T OG A% A B TE A B R A D
ke T T 25 ) P BP A 28 I 2% 9 I 21 40 R B 2
P8 1 3R A A, T Al 25 A5 /0N LK R vk L RE LT
— SRR AR AR A RE S Ll 2 P S R R IR B 1 AR
1k s Ojediran S H] FH (1 38 B ## 28 BER R 48 (ANFIS) i
T 25 R AR R AR R K o H A AR A K TR B G
JE R (R* M 0.982 26) , {H N FH 75 i £ K 2 A B30 ok
e A ADL Y VB L R S L R 7 R R T R A A X
LI 2 7 AR 2R 00 A T 00, R el A, D) iR
T B K A AR A s IR ANSY'S B A5 480 28 R T
S 0 AR v T M A (DR R S A AR L 25 R IR AR AR R
TR A AIF S 11 24 R T ol AR AR Al
1 MRSk
1.1 R

BRAR L ZY 7= B T R A AR T IR B A A v A
TR MLAN Y 5) AR E B TE ML M 15 405 1) B i AR A 1L 24
5 H SR b A
1.2 REgE

6 R B KT B A4S - DH6-907385- Il B, - 365 37 1 B2 7
A b A BR ED

= B AR B 0 51X ¢ 1500-E3LT 2, F 3R 5 #i 1Y
AT B

PO B B AL : Hot Disk TPS 2500 S %4, Hif 8t Hot
Disk 23 #] ;

2R F AL . DSC 200 F3 8L, 5 [ i B 43 25 4 7
HIRATA

HEFFR AR K 2RI E AL DHS20-A B, b HEHS B R4
AER A BRA ] 5

A PE TR K I - DK-98- 1T A B, Kt T 28 i R A3 2%

B 2748 | 2024 (£ S B | RBSHM

ABRAT .

L3 RBA*

131 AT RRAb B R 1L 253 Bk 25 B, DD JEJE 5 mm,
85 ‘CHARZ 5 min, Wi TR K Iy, 24 T F s b,
PRI 43 318 40,50, 60, 70 C, il i A2 rp LT
MEHEAR I B R 1006 D TR 28 i, 45 1] B8 30 min JRURE )
SE R il B8 T K 23 B T AR 3 (1) TH R R A9 K 23
(M) -

M=M= M. (1)
M, — M.
e
My——i R 1A Z) K 4 L
M ——t B Z) T HK oy i, %5
My—WHR T 3K &, %
M, AR Er o, Y
1.3.2  WZ T A L 2 07 2 B i e 7 Fb

T2 T A AR A A Origin 9.1 PR X #8RT Ht 2o 72
WO A B R AT L, H R R AR A 7 R TR R A
W1,
®1 BETERYFER
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Table 2 Fitting results of different drying models for hot-air drying

LRI B R/ C R* RSS EEEY Y
Page 40 0.999 78 0.00028  k=0.002 14,7=1.196 29
50 0.998 96 0.00110  £=0.007 09,7=1.056 08
60 0.999 86 0.00012  #=0.007 58,7=1.083 13
70 0.999 46 0.000 36  k=0.029 04,7=0.906 18
Modified Page 40 0.999 78 0.00028  £=0.00587,n=1.196 16
50 0.998 96 0.00109  £=0.009 23,7=1.053 55
60 0.999 86 0.00012  #=0.01103,7=1.082 61
70 0.999 46 0.00036  #=0.020 13,7=0.905 61
Newton/Lewis 40 0.990 29 0.01319  £#=0.005 98
50 0.998 34 0.00192  £#=0.009 31
60 0.998 32 0.00159  £/=0.01118
70 0.998 01 0.00156  #=0.019 60
Wang and Singh 40 0.998 33 0.00210  a=—0.004 62,6=5.708 24X 10 °
50 0.982 97 0.01798  a=—0.006 74,6=1.175 00X 107
60 0.992 20 0.006 56  a=—0.012 76,5=4.042 28X 10 °
70 0.951 65 0.03257  a=—0.008 33,6=1.823 13X 10 °
Henderson and Pabis 40 0.993 37 0.008 36 £=0.006 29,a=1.050 36
50 0.998 62 0.00145  k=0.009 47,a=1.017 74
60 0.998 53 0.00124  k#=0.01135,a=1.016 17
70 0.997 83 0.00146  k=0.019 42,4=0.990 29
Two-term model 40 0.992 16 0.008 36  k=k,=0.006 29,a,=a,=0.525 15
50 0.998 38 0.00140  £=0.008 03,4,=0.008 33,a,=—3.469 99,a,=4.485 48
60 0.999 19 0.00051  £,=0.008 04, 4,=0.008 28,a,= —10.218 90, a,=11.226 76
70 0.998 99 0.00046  £=1.047 43X 10 ', £,=0.017 79,4,=0.098 59,2,=0.901 41
Logarithmic 40 0.997 68 0.00270  k=0.00513,a=1.120 24,c=—0.092 98
50 0.998 49 0.00145  k=0.009 44,a=1.018 51,c=—0.001 20
60 0.999 08 0.000 68  #=0.010 65,a=1.034 25,c=—0.024 63
70 0.999 33 0.00037  k=0.02100,a=0.972 12,c=0.024 66
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Figure 1 Predicted value and experimental data of yam

slices by hot-air drying at different temperatures
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Figure 2 Thermal conductivity of yam at different

temperatures
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Figure 12 Temperature field distributions of yam slices at different times
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