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Study on drying characteristics and drying kinetic model of
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85 °C) M ik (1.5,2.5,3.5,4.5 m/s)F= & & (5,10,15 mm)
AER AR A I R A OR T R &R R AR AR T
BREREG YR, EREAV FBRBENRIR GEANATRE
A T Heit IR RS H AT H A KA 1.296 39X10 "~
4.589 94X 10" m*/s, AMBE RZE MG XMt &, |
MR BREMBRY @R BRERI D F AR
23.03 kJ/mol, #F 10 #p % g TR A FEB HAT M A
& I, Logarithmic 4 8 2L R & 1%,
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Abstract; In order to improve the drying quality and shorten the
drying time of kiwifruit slices, the effects were studied in
different temperatures (55, 65, 75, 85 C), wind speed (1.5,
2.5, 3.5, 4.5 m/s) and thickness (5, 10, 15 mm) on the hot air
drying curve, water effective diffusion coefficient and drying acti-
vation energy of kiwifruit slices. The results showed that the
whole drying process of kiwifruit slices belonged to reduced-speed
drying, and the effective water diffusion coefficient was
1.296 39 X109 ~4.589 94 X 10~? m?/s, which increased with
the increase of temperature and wind speed, and decreased with
the decrease of slice thickness. The activation energy of kiwifruit
slices was 23.03 kJ/mol. After fitting 10 common drying kinetic
models, it is found that the Logarithmic model is the best model.
Keywords: kiwifruit; fluidized bed drying; drying kinetics; effec-

tive water diffusion coefficient; activation energy
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Table 1 Drying test design and parameters
P BKGREE/TC K/ (m+ s~ YR JEE/mm
1 55 2.5 10
2 65 2.5 10
3 75 2.5 10
4 85 2.5 10
5 75 1.5 10
6 75 2.5 10
7 75 3.5 10
8 75 4.5 10
9 75 3.5 5
10 75 3.5 10
11 75 3.5 15
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Table 2 Drying kinetic model

75 LT 24 Bk R 7 i
1 Page Mg =exp(—Fkt")
2 Newton Mg =exp(—kt)

3 Herderson-Pabis Mgr=aexp(—kt)

4 Midilli Mgr=aexp(—kt") +bt

5 Wang and Singh Mrp=1+4ar+bt?

6 Logarithmic Mgr=aexp(—kt)+c

7 Two term Mgr=aexp(kot)tbexp(kit)

8 Modified page Mpgr=exp[ — (kt)"]

9 Weibull distribution Mg =a—bexp[ — (kt")]

10 Werma Mr=ae "+ (1—a)e &
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The drying characteristics and drying rate curves of kiwifruit slices under different hot air temperatures



&M | Vol.37, No.4

TR R B T e e i) 2> . T XU
R BB R T R 8 S 1 R 2 R Syl K T e DR T e 0 A Ak
B0 22K A3 R AR L B TR S T
P 2 55 A R R R XU A, T R BT R
‘[‘3% X A BB XU X TR A B R K AR

FE R AR LR BB Y R P K S T RS 0 B R A
/J\~><L:_ﬁjtﬂ B B RE U) A 35 4 L R
BB B0 A PR Y K 4 1) A1 38 B B8 5 RS 1Y BEL Ay DA T
fIRT T Hesd R,

ZEA T I8 TR AT TR 0 XKL T R R R T A
5o B T ) 00 R LA A A KR 5 T R
ST o AR IR T J88 30 55 1 R WAL AR /DN 5 Ot BT DA X B AT
T AU R AN RE A 35 310 45 v 1 T B 32 L 3 1T LA B AR T
PR HLER A BEAE AT R IR A= 7= I AR
2.1.3  WpRH R TR e A 3 AT, )
IR EE N 15,10, 5 mm B, 4 B8] 4390 O 630, 420,
240 min, B BRAE Bk Y J5 BE (9 1 L I M8 I 1 i

K4y H
Moisture ratio

100 200 300 400 500 600
TR
Drying time/min

(a) 7Kkt
AR B

B=£Z BERDFRUATRBES FENHEZEEHR

Ko G R B B PRk D) R TR B 3 R Rt 3 T
AT e i i o - T S o SR A o A I A
5 mm WF YT B AL G DR B4, 10 mm B (¥ TR R O 4
EBEG A RERRBIAME L. A F R R
JERE SN 10 mm B BAE,
2.2 BBRMRENKSBERT BERY
HH 2% 3 AT, 2 SRR RGGHE B AT i VD e JBE A UKL
WL 55.65.75,85 °C HF, BBk U1 v 1 7K 43 08 #L
ZHCH 1.296 39X107°~2.598 08X 107" m? /s, K5 A 3K
W BB I 888 0 A% S 3 AR R (P<C0.001), 85 °C
B K 53 30 B R B R 55 CREY 2 % TR & o
6B SN K 2 7 0 SRR 3G N, K 4y T 9 #kE sh A8 15 R
B, R K 43 A R R B0 B RGR BE Y B T AR R
(6 AT HIK 43 A 800 HOR B 5 W RE 5L 48 B0 IE AE O
LB A XU BE 1 T e e TR B G AR B K 43 A R K
FHO IR,
AT 24 Hh XU B OB B V) R TR B A S AU
0.401
035

£ 0.30F |

| | i =
100 200 300 400 500
TR ]
Drying time/min

(b) THEER

275 C LR EE 10 mm

B2 RRRRRGETRHRERD A6 TIREER T IREF L

Figure 2

Koy
Moisture ratio

0 100 200 300 400 500 600 700
T4 B ]
Drying time/min

(a) K4rte

Drying characteristics and drying rate curves of kiwifruit slices under different hot wind speeds
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The drying characteristics and drying rate curves of kiwifruit slices with different material thicknesses
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JR#E A 1.5,2.5,3.5,4.5 m/s B, KA B Y BLRBA
1.296 39X 10 ?~2.605 71 X 10 m®/s, $ JAL L2
TR A 8 R OB A (P<C0.01) , 32 BT 4 XU R 4] 7K 43
AR ER R 0,

Hy 2% 5 AL, Y AR RGIR BE 5 B XX E L R R
JEEE 5,10,15 mm B, 7K 43 B Y BUR BN 4.589 94 X
1079 ~1.413 19X 10" m* /s, & W BE §h Y1 7 & B X 7K 43
AT BRI WR B3E,

2.3 FiREEE

& 4 AT A InDy 5 1/T MR ELA BT B sk
YA i AL R T 4 9 35 4k fiE b 23.03 kI/mol, ik F 8 4+
(47.1 kKJ/moD) YU FI2E F (35.23 kJ/moD™ i) H & T &
A3 (19.107 kJ/mol) #) #1 i3 8 (15.23 kJ/moD iy, 5
T 1 (24.269 kI /moD) AH3E T,

x3 AREBRENYBRKSERT HRZHMF M
Table 3 The effect of hot air temperature on the
effective moisture diffusion coefficient of ma-
terials
AR P WER KOGAERY AL Do/
B/ BR? (X107% «m? « s71)
55 —1.506 7X10"* 0.973 1 1.296 39
65 —1.916 7<X10~* 0.969 4 1.638 07
75 —2.567 4X10~* 0.959 5 2.152 69
85 —2.9322X10"* 0.986 1 2.598 08
F4 BRREXBRBRIF KRS BRI BRI

Table 4 Effect of hot wind speed on effective water dif-

fusion coefficient of kiwifruit slices

R/ Ry g R AROKSY HERE Do/
(m=s D e BUR?  (X10°% +m? s 1)
1.5 —1.813 8X 10~ * 0.964 8 1.535 27
2.5 —2.187 3X107* 0.967 3 1.853 64
3.5 —2.567 4X10"* 0.959 5 2.152 69
4.5 —3.109 7X10~* 0.979 5 2.605 71
x5 VREEXMNBBRIRFBERKRG TS RZHNIZE
Table 5 Effect of slice thickness on effective water diffu-

sion coefficient of kiwifruit slices

YRR o RER ARBOKST AR Do/
BE/mm R? (X1079 e m? e s~ 1)
5 —5.252 0X10~* 0.981 2 4.589 94
10 —2.567 3X10~* 0.956 1 2.152 62
15 —1.689 3X10* 0.935 2 1.413 19
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Figure 4 The relationship between InD . and 1/T
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AL JRGHX T A A 0 e ) X T R R RS 0 e 4R
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B=£Z BERDFRUATRBES FENHEZEEHR

K6 BMERIMRARURATRERIERIRENSER
Table 6 Fluidized bed drying mathematical model and fitting results of kiwifruit slices
MRS RE/C HOHI 28 R? Rvise 1

55 k=0.006, n=1.03 0.998 3 0.011 87 0.000 16

65 k=0.007, n=1.05 0.998 7 0.010 16 0.000 12

! 75 k=0.006, n=1.12 0.998 4 0.011 92 0.000 16
85 k=0.009, n=1.07 0.998 9 0.009 94 0.000 12

55 k=0.007 0.998 1 0.012 30 0.000 17

65 k=0.008 0.998 2 0.012 29 0.000 17

’ 75 =0.010 0.995 5 0.020 08 0.000 47
85 £=0.013 0.997 9 0.013 45 0.000 21

55 k=0.007,a=0.99 0.998 1 0.012 29 0.000 17

) 65 k=0.008,a=1.01 0.998 2 0.012 15 0.000 17
’ 75 k=0.010,a=1.02 0.995 9 0.019 18 0.000 42
85 k=0.013,a=1.01 0.998 0 0.013 20 0.000 20

55 kF=—0.004,a=0.57,b =—0.001 1,n=2.12X10"*% 0.763 8 0.135 40 0.020 08

65 k=—0.004,a=0.56,b=—0.001 3,n=2.22X10"% 0.748 8 0.143 20 0.022 92

! 75 k=—0.004,a=0.57,b=—0.001 7,n=2.19X10 8 0.752 2 0.149 63 0.025 83
85 k=—0.004,a=0.48,b=—0.001 6,n=2.61X10"% 0.653 8 0.173 54 0.035 14

55 a=—0.004,b=4.37X10"°6 0.954 3 0.059 57 0.003 89

~ 65 a=—0.005,b=6.54X10"° 0.956 9 0.039 99 0.001 79
’ 75 a=0.007,6=1.04X10"7° 0.975 0 0.047 52 0.002 61
85 a=—0.,008,b=1.38X10"° 0.940 5 0.071 92 0.006 04

55 k=0.006,a=1.010 0.999 5 0.006 56 0.000 05

65 k=0.008,a=1.019 0.999 6 0.005 79 0.000 04

‘ 75 k=0.009,a=1.042 0.998 9 0.009 94 0.000 11
85 k=0.013,a=1.020 0.999 1 0.009 04 0.000 95

55 ko=0.006.%,=0.002,a=1.062,6="—0.077 0 0.9995  0.006 38  0.000 05

65 ko=0.007 k1 =0.003,a=1.164,6=—0.170 9 0.999 7  0.00535  0.000 03

! 75 ko=0.010,£1=0.010,a=0.659,0=0.359 5 0.995 9 0.019 18 0.000 42
85 ko=0.013,k1=0.013,a=0.451,0=0.557 5 0.998 0 0.013 20 0.000 20

55 k=0.007,n=1.03 0.998 3 0.011 61 0.000 15

65 k=—0.000 03,n=1.05 0.998 7 0.010 20 0.000 12

’ 75 £=0.009,n=1.12 0.998 4 0.011 92 0.000 16
85 £=0.013,n=1.07 0.998 9 0.009 94 0.000 12

55 k=0.007,a=—0.029,b=—1.02,n=0.97 0.999 5 0.006 21 0.000 04

65 k=0.008,a=—0.023,b=—1.01,n=0.99 0.999 6 0.005 80 0.000 04

? 75 k=0.007,a=—0.023,b=—1.02,n=1.07 0.999 3 0.007 96 0.000 07
85 k=1.042,a=—0.012,b=—1.01,n=1.04 0.999 2 0.008 18 0.000 07

55 k=0.000 3,a=—0.025,b=0.006 0.999 3 0.007 39 0.000 06

65 k=0.002 3,a=—0.079,6=0.007 0.999 6 0.005 68 0.000 04

10 75 k=2.508 7,a=—0.065,0=0.011 0.996 8 0.016 91 0.000 33
85 k=1.582 0,a=—0.041,6=0.013 0.998 3 0.013 23 0.000 18
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Figure 5 Validation of Logarithmic model
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