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Hot-air drying characteristics and mathematical model of walnut based on
structural heterogeneity

MAN Xiao-lan"?, LI Long"?, ZHANG Hong'?, ZHANG Yong-cheng"?, LAN Hai-peng"’
(1. College of Mechanical and Electrical Engineering, Tarim University, Alar 843300, China; 2.Key Laboratory of Modern Agricultural Engineering in Col-
leges and Universities of Xinjiang Uygur Autonomous Region, Alar 843300, China)

Abstract: To reveal the properties of water transfer in the heterogeneous structure of walnut during hot-air drying,
the drying characteristics and effective water diffusion coefficient of the walnut shell, walnut kernel and whole walnut during
single-layer drying process under hot-air drying condition of 43 °C were studied. The results showed that, the drying charac-
teristics of the walnut shell, walnut kernel and whole walnut were approximately similar. The drying process mainly occurred
in the speed-down drying stage, and there was no obvious drying stage with constant-speed. The walnuts showed significant
instability and heterogeneity during the drying process. The effective water diffusion coefficient of the walnut shell, walnut
kernel and whole walnut were in third-order polynomial relationship with water content of dry base. It was measured that the
average effective water diffusion coefficient of the whole walnut was 1.01 times as large as the walnut shell and 1.41 times as

large as the walnut kernel. Model four was suitable for predicting the change rule of moisture ratio of walnut shell, walnut

kernel and whole walnut during drying process using 43 °C
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hot-air. The results provide theoretical basis for water
transfer mechanism in the drying process of walnuts.
Key words: walnut; hot-air drying; effective wa-

ter diffusion coefficient; mathematical model
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Table 1 Twelve mathematical models for drying curves
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Fig.1 Hot-air drying curve and drying rate curve of walnut shell, walnut kernel and whole walnut
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Table 2 Fitting parameters of effective water diffusion coefficient and their mean values

D HVEES 3
LA avg R%, RMSE
2/ ) adj
(m*/s A B c D
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Table 3 Forecasting results of twelve models

R

o) A et e R? RMES ~ SSE
KA1 My =exp(~ht) 5t k=0.092 56 0.988 01 0.048 27 0.037 28
B k=0.108 37 0.997 70 0.016 98  0.004 61
bk £=0.100 9 0.998 18 0.017 45 0.004 87
M2 My =exp(—kt") A £=0.173 58 n=0.745 43 0.998 28 0.010 39 0.001 73
= k=0.089 67 n=1.080 60 0.998 67 0.01127 0.002 03
Bk k=0123 02 n=0917 95 0.998 65 0.010 33 0.001 71
WAL My =aexp(—hkt) W5t k=0.08192 a=0.906 24 0.982 88 0.03372 0.018 19
= k=0.110 16 a=1.015 50 0.997 43 0.016 06 0.004 13
Bk £=0.097 49 a=0.969 72 0.997 75 0.013 62 0.002 97
B 4 My =aexp(kot) +bexp(k,t) BF a=0.798 09 b=020133  ky=-007069 %, =-0.83021 099850 0.00977 0.001 53
BT a=1074400  b=-975490  k,=-015512  k,=-0.16178 099903 0.00946 0.001 43
Btk a=005785 b=0942 15  ky=-2.65760 k, =-0.09436 0999 03 0.00876 0.001 23
RIS My =aexp(—kt)+(1-a)exp(—kat) 5%  £k=0424 57 a=0.177 63 0.996 33 0.02229 0.007 95
BT k=013237 a=1.547 60 0.998 94 0.010 08 0.001 63
Bk k=1.56770 a=0.060 09 0.998 32 0.010 88 0.001 9
iRl 6 My=aexp(—kt)+(1-a)exp(-gt) F5%  a=0.798 17 £=0.070 70 2=0.832 66 0.998 50 0.009 77 0.001 53
BT 4=-7121700  k=0.15597 2=0.155 10 0.998 98 0.009 91 0.001 57
Btk a=094215 £=0.094 36 g=2.657 60 0.999 03 0.008 76 0.001 23
B# 7 My =aexp(—ht)+c 5T a=084051 £=0.115 20 ¢=0.106 92 099216 0.022 11 0.007 82
BT 4=1.03850 £=0.100 85 c=-0.034 14 0.998 23 0.01276 0.002 60
Bbk  a=095068 £=0.106 01 ¢=0.029 53 0.998 41 0.011 15 0.001 9
BiRI8 My = l+at+bi® 5 a=-0078 13 b=0.001 77 097355 0.05790 0.053 64
BT 4=-0081 67 b=0.001 75 0.997 01 0.021 72 0.007 55
Btk a=-0.079 86 b=0.001 75 09093 003672 02157
AL My =aexp(—ht)+(1-a)exp(=kbt) 5%  a=0.79825 £=0.070 70 b=11.792 00 0.998 50 0.009 77 0.001 53
BT a=-2170778  k=0.15695 5=0.982 20 0.998 98 0.009 91 0.001 57
bk «=094215 £=0.094 36 5=28.165 00 0.999 03 0.008 76 0.001 23
B 10 My =aexp(—ki" ) +bt BT a=0.995 10 k=0.174 82 b=0.174 82 n=073001 099840 0.00998 0.001 59
BT 4=0986 62 £=0.083 58 b=5423 80 n=1.10510 099876 0.01069 0.001 83
Rk a=0.99090 k=0.116 67 5=0.000 24 n=094039 099871 0.01005 0.001 62
A1 My =exp[—(ke)" ] e k=0.09256 n=1.000 00 0.988 01 0.048 27 0.037 28
B k=0.108 37 n=1.000 00 0.997 70 0.016 98 0.004 61
#Ek £=0.10099 n=1.000 00 0.998 18 0.017 45 0.004 87
W 12 My =a—bexp(—kt") 5E a=-0.042 00 £=0.170 29 b=-1.037 90 n=071833 099846 000998 0.001 54

R a=-0.00171 £=0.084 58 b=-0.989 20 n=1.09760 0998 76 0.010 69 0.001 83
otk =0.003 87 £=0.118 39 b=-0.987 85 n=093376 0998 69 0.010 11 0.001 63
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Fig.3 Experimental tested and predicted values of water ratio (My) under the same drying condition
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