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Tab. 1 Mathematical model of drying kinetics
F5 i Tk [ERIVE S 5
1 Lewis W=e™ k
2 Henderson and Pabis W=ae™ a,k
3 Page W=e ™" k,n
4 Modified Page W=e0" k,n L
J: _ 2 1 1 1 1 1 1 1 1 1 )
> Wang and Singh — W=1+at+bt a,b 00740 80 120 160 200 240 280 320 360 400

BRRIGGAIE . SR FH i ik, FI RO 8 4 ) 0
B BE TR X 0 T I0 25 1 T R i 7K
Sy HCHEATTRN , 30 2 AR T v A IR S
SIS E M ERE, e RBR R KR E
X2 YR ZE M ARZEE T S AT .
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x> =2 7
Non (7)
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Fig. 1 Water content curve of Antarctic krill on wet basis at

different temperatures
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Fig.2  Drying rate curve of Antarctic krill at

different temperatures
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Fig. 3 Water content curve of Antarctic krill on wet basis

under different drying quantities
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Fig.4 Drying rate curve of Antarctic krill under

different drying quantities
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Fig. 5 Relation between logarithm of water ratio of Antarctic

krill and drying time under different drying temperatures
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Tab.2 Water effective diffusion coefficient of Antarctic krill under different drying temperatures and drying quantities

TR LMERIGITR R D/ (m*/s)
50 C y=-6.92x107x -0.055 5 0.999 5 1.459%107°
60 C y==6.42x107x +0.097 8 0.996 1 1.742x107°
AR 70 C y=-3. 19><10:2x+0. 176 3 0.995 3 2. 672><10:8
80 C y=-2.93x107x+0.214 9 0.990 8 2.909x107°
90 °C y=-1.91x107x+ 0.356 9 0.990 4 5.854x107°
100 C y=-1.60x107x+0.315 5 0.994 5 6.310x107*
0.5 kg y=-8.13x1072x+0. 463 8 0.936 9 4.630%107°
1.0 kg y==-6.27x107x+0. 421 4 0.9347 1.429x10°°
i 1.5 kg y=-3.8x107x+0. 195 4 0.970 4 1.949x107
Tt , "
2.0 kg y=-3.42x102x+0.287 1 0.9819 3.119%10
2.5kg y=-2.48x107x+0.415 0 0.9250 3.533x10°°
3.0 kg y=-1.57x102x+0. 305 7 0. 906 3 3.221x107
2% PREF I, UK A RYT KT 0.9,
FCREC T S5 TR AT B 2 R T i, 7K 43 R g AR i
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krill and drying time under different drying quantities
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Fig. 7 Relation between logarithm of effective moisture diffusion
coefficient and reciprocal of thermodynamic temperature

under different drying temperatures
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P CF B A B AR TR TR L RE . S8 MORE SC
LT, TR SR AR T8, e 98 X R AR
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Tab. 3  Fitting results of Antarctic krill drying model at different drying temperatures

B9 TEIRE/C FEA ik 2 RERKR  FHRIRM X ¥WHMRIREM  RETLHMS
50 W=exp(-0.015 1) 0.948 6 0.015 0 0.120 8 0.540 1
60 W=exp(-0.019 1) 0.894 7 0.012 3 0.108 8 0.3314
. 70 W=exp(-0.028 t) 0.953 5 0.001 8 0.041 3 0.032 4
80 W=exp(-0.031 1) 0.972°5 0.002 3 0.045 8 0.0315
90 W=exp(-0. 068 t) 0.967 6 0.000 7 0.0259 0.006 7
100 W=exp(-0.074 1) 0.989 3 0.000 3 0.016 9 0.002 0
50 W=1.816 5xexp(=0. 018 1) 0.977 0.037 4 0.190 6 1.307 7
60 W=2.012 Ixexp(=0.023 1) 0.9352 0.065 3 0.250 9 1.763 2
5 70 W=1. 378 Oxexp(=0.031 1) 0.965 2 0.011 3 0.103 4 0.203 0
80 W=1.290 6xexp(-0. 034 ) 0.982 0.007 9 0.085 6 0.110 0
90 W=1.340 7xexp(-0. 074 ) 0.974 4 0.015 8 0.119 3 0.142 3
100 W=1.030 7xexp(-0. 075 1) 0.989 5 0.000 8 0.0259 0.004 7
50 W=exp(—0.003 88 (%) 0.993 9 0.003 7 0.0158 0.008 5
60 W=exp(—0.003 72 (-**) 0.999 1 0.003 1 0.014 6 0.003 4
3 70 W=exp(=0.011 ¢1%%) 0.997 1 0.000 3 0.016 4 0.005 1
80 W=exp(=0.013 8 (1) 0.999 3 0.000 1 0.007 7 0.000 9
90 W=exp(=0.045 5 (7)) 0.997 7 0.000 8 0.026 5 0.007 0
100 W=exp(-0. 076 ") 0.999 9 0.000 3 0.016 9 0.002 0
50 W=exp(-0.015 1) 0.948 6 0.0150 0.120 8 0.540 1
60 W=exp(-0.019 1) 0.894 7 0.012 3 0.108 8 0.3314
4 70 W=exp(-0.028 1) 0.953 5 0.001 8 0.0413 0.032 4
80 W=exp(-0.031 1) 0.972°5 0.002 3 0.045 8 0.0315
90 W=exp(-0. 068 t) 0.967 6 0.000 7 0.0259 0.006 7
100 W=exp(=0.074 1) 0.989 3 0.000 3 0.016 9 0.002 0
50 W=1-0.007 2 t+107° /> 0.987 6 0.028 3 0.1629 0.981 3
60 W=1-0.008 9 (+2x107 0.983 5 0.002 0 0.044 5 0.055 5
70 W=1-0.015 3 (+6x107° 1 0.964 8 0.005 6 0.0729 0.101 1
3 80 W=1-0.018 1 1+8x107° 1 0.984 8 0.001 6 0.038 8 0.022 6
90 W=1-0.033 2 t+3x107* ¢ 0.9219 0.038 8 0.186 8 0.3189
100 W=1-0. 045 1+5x107* /* 0.946 8 0.006 9 0.076 9 0.041 4
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TREET 5 Fh B AR ALK BE, Page A5 11V (1) R
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Hofth 4 FRAEAY L X2 M S (AR /N IR IL, 7E
AR EE TS |5 Fh AR Page BAUHLA
BOR BT, ASF T T B B R TR A 4D
ZERMNER 4 PR,

x4 FRTHRETEMBETTRELLSER

Tab. 4  Fitting results of Antarctic krill drying model under different drying quantities

5 TR/ kg BRI FRIA WERB R KHEIKME X HRiREM  REVFHMS
0.5 W=exp(~0. 068 6 t) 0.903 6 0.0253 0.1453 0.126 6
1.0 W=exp(~0. 053 1) 0.902 3 0.016 6 0.1193 0.099 6
| 1.5 W=exp(~0.035 4 1) 0.964 1 0.002 1 0.044 3 0.0235
2.0 W=exp(-0. 031 1) 0.970 1 0.003 3 0.055 7 0.0435
2.5 W=exp(~0.021 6 1) 0.904 0 0.003 6 0.058 1 0.067 6
3.0 W=exp(~0. 014 1) 0.892 3 0.001 6 0.039 3 0.043 3
0.5 W=1.590 1xexp(—0. 081 3 1) 0.936 9 0.076 9 0.253 2 0.384 6
1.0 W=1.524 1xexp(—0.062 7 1) 0.934 7 0.049 2 0.205 4 0.2952
1.5 W=1. 215 8xexp(—0. 038 1) 0.970 2 0.004 2 0.062 3 0.050 5
2 2.0 W=1.332 6xexp(—0. 034 2 1) 0.981 9 0.009 0 0.091 7 0.126
2.5 W=1.514 4xexp(—0. 024 8 1) 0.9250 0.021 1 0.141 6 0.4211
3.0 W=1.357 6xexp(—0. 015 7 1) 0.906 3 0.011 7 0. 106 2 0.3272
0.5 W=exp(=0.005 11"%5%) 0.992 7 0.000 4 0.017 3 0.002 1
1.0 W=exp(—0.005 7 1) 0.996 4 0.000 1 0.010 6 0.000 9
1.5 W=exp(-0.014 4 (2°) 0.991 3 0.000 4 0.018 4 0.004 4
: 2.0 W=exp(-0.010 4 ¢279) 0.997 9 0.000 7 0.027 2 0.011 1
2.5 W=exp(=0.009 5 (%) 0.992 0 0.000 3 0.015 6 0.005 1
3.0 W=exp(—0.012 1"%7%) 0.993 7 0.000 3 0.018 2 0.009 6
0.5 W=exp(~0. 068 6 t) 0.903 6 0.0253 0.1453 0.126 6
1.0 W=exp(~0. 053 1) 0.902 3 0.016 6 0.1193 0.099 6
A 1.5 W=exp(~0. 035 4 1) 0.964 1 0.002 1 0.044 3 0.0235
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Fig. 8 Results of Page model fitting verification under different test conditions
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Hot air drying characteristics and drying model of Antarctic krill
MA Tiantian'**, OUYANG Jie'*** XIAO Zhefei'** SHEN Jian'***
(1 Fishery Machinery and Instrument Research Institute ,Chinese Academy of
Fishery Sciences ,Shanghai 200092 , China ;
2 Laoshan Laboratory ,Qingdao 266200, Shandong , China
3 National R&D Branch Center for Aquatic Product Processing Equipment(Shanghai) ,Shanghai 200092, China ;

4 Dalian Polytechnic University , Collaborative Innovation Center of

Seafood Deep Processing , Dalian 116034 , Liaoning , China)

Abstract; To study the hot air drying characteristics of Antarctic krill and establish a drying model. Methods
Using frozen Krill as raw material ,the effects of different temperature and drying quantities on the drying time
and drying rate of krill were studied, and the effective diffusion coefficient and drying activation energy of krill
were analyzed under different drying conditions. Five drying models, Lewis, Henderson and Pabis, Page,
Modified Page , Wang and Singh ,were used to fit the test data. The optimal drying model was determined and
validated with the determination coefficient R*, Chi-square test value X ,root mean square error M and error
fair sum S as the model fitting effect evaluation indexes. Results ; The drying time was shortened and the drying
rate increased with the increase in temperature or decreased drying quantities. The influence of drying amount
on drying time and drying rate was less than that of temperature. When the temperature was 50—100 °C , the
effective diffusion coefficient of water was 1.459x107°-6.310x10™*, and the dry activation energy was 29. 599
kJ/mol. When the drying amount was 0. 5-3. 0 kg, the effective diffusion coefficient of water was 4. 630x107° -
3.533x107%. By comparing the fitting effect evaluation indexes of the five models, it was found that the Page
model had a high R* value and a low X>,M and S value,which could better fit the test data of Antarctic krill.
The model’ s predicted value had a high degree of coincidence with the test value, and it could accurately
predict the change law of water ratio in the hot-air drying process of Antarctic krill. Conclusion ; Increasing the
temperature or decreasing the drying amount can shorten the drying time and increase the drying rate. Page
model can accurately describe the hot-air drying process of Antarctic krill, and provide a theoretical basis for
predicting and controlling the hot-air drying process of Antarctic krill.

Key words ; Antarctic krill; hot air drying; drying characteristics; drying model





