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Drying Kinetic Model of Microwave Coupled with Hot Air Drying
of Straw-based Nutrient Seedling-growing Bowl Tray
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(1. College of Electrical and Information, Northeast Agricultural University, Harbin 150030, China
2. College of Engineering, Heilongjiang Bayi Agricultural University, Daqging 163319, China
3. College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to explore drying characteristics and the change law of moisture of straw-based
nutrient seedling-growing bowl tray during the drying process, under the conditions of different drying
temperatures (50°C, 55°C, 60°C, 65°C and 70°C ), hot air speed (1.0 m/s, 1.5 m/s, 2.0 m/s,
2.5 m/s and 3.0 m/s) and microwave power (180 W, 360 W, 540 W,720 W and 900 W), the
microwave coupled with hot air drying experiment was carried out for straw-based nutrient seedling-
growing bowl tray to study the effects of different drying factors on drying rate and effective moisture
diffusion coefficient, and establish a dry kinetic model. The results showed that there were only two
stages: falling speed drying and rising speed drying, and there was no obvious constant-speed drying
stage during the microwave combined hot air drying process of straw-based nutrient seedling-growing bowl
tray. The microwave coupled with hot air drying can significantly increase the moisture diffusion capacity
inside the materials and improve the effective moisture diffusion coefficient, and the change law of D i
with variation range of value from 2.296 41 x 10 ~* m’/s to 6. 147 36 x 10 * m*/s was consistent with the
law of M,. By fitting 12 dry kinetic mathematical models, the Midilli et al model had the largest R’

average value, the smallest y* and ey, average values, and there was a good consistency between the
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value of M, obtained from experiment and the prediction value based on Midilli et al model under

different conditions, which indicated that the model was suitable for predicting the change law of moisture

content during the drying process of the microwave coupled with hot air. The research results can provide

theoretical basis and technical support for the application of microwave coupled hot air drying technology

in drying straw-based nutrient seedling-growing bowl tray and other materials.

Key words: straw-based nutrient seedling-growing bowl tray; microwave coupled with hot air drying;

drying kinetics; prediction model
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Fig.1 Photograph of straw-based nutrient

seedling-growing bowl tray
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Tab.1 Mathematical models given in literature for drying curves

R Y5 T 44 R B\ SCHK Y5
1 Newton My =exp( —kt) [18]
2 Page My =exp( —kt") [24]
3 Henderson and Pabis My =aexp( - kt) [25-26]
4 Two term My =aexp(kot) +bexp(kt) [24]
5 Two-term exponential My =aexp( —kt) + (1 -a)exp( - kat) [27]
6 Verma et al My =aexp( —kt) + (1 —a)exp( —gt) [28]
7 Logarithmic My =aexp( —kt) +c¢ [29 -30]
8 Wang and Singh My =1 +at+b° [31]
9 Approximation of diffusion My =aexp( —kt) + (1 —a)exp( —kbt) [32]
10 Midilli et al My =aexp( - k") + bt [33-34]
11 Modified page My =exp( - (kt)") [35-36]
12 Weibull distribution My =a - bexp( —kt") [37]
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Fig.3 Moisture ratio curves of straw-based nutrient seedling-growing bowl tray under different drying conditions
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Tab.2 Moisture effective diffusion coefficients of straw-based nutrient seedling-growing bowl tray under

different drying conditions

T A/ W PRHAFE/ (m-s ") R/ C By HRORG T HREBD o/ (m® s~ ") R
900 2.0 50 0.002 00 5.187 64 x 10 ~® 0.963 41
900 2.0 55 0.002 01 5.21358 x10~* 0. 945 02
900 2.0 60 0.002 07 5.36921 x10~* 0.951 30
900 2.0 65 0.002 11 5.47297 x10~* 0. 956 64
900 2.0 70 0.002 11 5.47297 x 10 8 0.95275
180 2.0 60 0. 000 89 2.29641 x10® 0.977 53
360 2.0 60 0.001 23 3.19040 x 10 ~® 0.95591
540 2.0 60 0.001 53 3.968 55 x 10 ~* 0.95594
720 2.0 60 0.001 83 4.746 69 x 10 ~® 0. 940 00
900 2.0 60 0.002 10 5.44703 x 10 ~*® 0.95503
900 1.0 60 0.001 87 4.85045 x 10 78 0.939 31
900 1.5 60 0. 002 06 5.34327 x10 7% 0. 960 29
900 2.0 60 0.002 12 5.49890 x 10 ~* 0.940 67
900 2.5 60 0. 002 24 5.81016 x 10 78 0.951 49
900 3.0 60 0.002 37 6. 14736 x 10 ~® 0.958 43
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$79.829 2 x 10 7 Fl 0.009 69, K &z /N, I, 7E it
B WIF 5 0 90 FEL A, Midilli et al A58 4 DA Sk 75 Fir 1€ 1
12 A HF R 2 S 7 R L R A5 1C 3R 8 R /X

T INAR & TR AT, REE XS 8 JR /A 1Y M
K3 B HEAT TN o SCHk [ 17 ] R A Bl e B4 XU B+
PROTIEX BGAE AT 1 T4, W 5 Midilli et al #5181 58
& TN 85 A6 T4 3 A vh ok o3 A8 A B, STk (23 ] A
FHARCIBRT g e R AT 64T T %, 75 31 Midilli et al £¢
TR 5 1 3 A R AT IR T R o R v K g A A
5 LR P 3l R KRS T R B AR e 1l 25
U K15 5] Two-term exponential 55 % 1
Weibull distribution & %I & & #i @ 1L 25 #0 1L 45 T+ 4
IR K AR A A MR, 7 A X R 22 S 1 R T g
5T RYR RS T ERYR IR W) B A 2
A K AT B FAFT Midilli et al 528 rp T
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Tab.3 Range and average value of R*, )’ and e, of drying kinetic models for straw-based

nutrient seedling-growing bowl tray

R2

2

LT X CRMSE

¥ 5 i T 1 THE i T
1 0.996 78 ~ 0.99889  0.99775 1.01097 x10 ~* ~2.966 71 x 10 ~* 1.979 81 x 10 ~* 0.01005 ~0.01722  0.01391
2 0.99836 ~ 0.99947 0.99877 3.79780 x10~° ~1.57690 x 10 ~* 1.19035 x 10 ~* 0.00616 ~0.01256 0.01078
3 0.997 15~ 0.99889  0.99798  1.09299 x10 ~* ~2.89271 x10~* 1.93959 x10 ~* 0.01045 ~0.017 01 0.01377
4 0.998 16 ~ 0.99962 0.99888 2.91400 x10 > ~2.27979 x10 ~* 1.31371 x10 ¢ 0.00540 ~0.01510  0.01126
5 0.99804 ~ 0.99910 0.99858  6.79080 x10 > ~1.81234 x10~* 1.36124 x10~* 0.00824 ~0.01346  0.01157
6 0.997 65 ~0.99962  0.99865 2.82030 x 107> ~2.540 10 x 10 ~* 1.43097 x 10 ~* 0.00531 ~0.01594  0.011 67
7 0.99731 ~0.99892  0.99808 1.16291 x10~* ~2.93801 x10~* 2.01248 x10°* 0.01078 ~0.017 14  0.014 02
8 0.896 04 ~0.966 89  0.93592  3.42000 x 10 ~7.390 00 x 10 3 6.030 67 x 10 ~* 0.05852 ~0.08596  0.077 41
9 0.996 78 ~0.999 62 0.99856  2.82030 x10 "> ~3.62597 x10 ~* 1.53906 x 10 ~* 0.00531 ~0.01904 0.01195
10 0.998 66 ~0.99974  0.999 15  2.00350 x10 > ~1.663 33 x10 ~* 9.82920 x 10 ~? 0.004 48 ~0.01290  0.009 69
11 0.99836 ~0.99947  0.99877 3.79780 x10 > ~1.57690 x 10 ~* 1.19034 x 10 ~* 0.00616 ~0.01256  0.01078
12 0.998 59 ~0.999 71 0.999 10  2.23170 x107° ~1.72253 x10~* 1.046 64 x 10 ~* 0.00472 ~0.01312  0.01001

R4 Midilliet al ERERFTFREGTHREHERREZRNRY

Tab.4 Statistical results of Midilli et al model and its constants and coefficients under different drying conditions

PORGH I, IR BE/
%/ W a k n b R? )(2 CRMSE

(mes™") C
900 2.0 50 1.004 08 0.136 93 0.935 35 —-0.000 29 0.998 97 1.20 x10°* 0.010 95
900 2.0 55 1.004 88 0.13592 0.926 21 —-0.000 37 0.998 66 1.56 x10°* 0.012 51
900 2.0 60 1.002 59 0.161 16 0.880 18 —-0.000 56 0.999 32 8. 14 x10~* 0. 009 02
900 2.0 65 1.002 80 0.161 50 0.887 01 —-0.000 51 0.999 15 1.02 x10~* 0.010 10
900 2.0 70 1.002 29 0.167 20 0.865 71 —-0.000 68 0.999 27 8.73 x10°° 0. 009 34
180 2.0 60 1. 005 28 0.079 85 0. 885 81 -0.000 15 0.99974  2.00 x10° 0. 004 48
360 2.0 60 1. 006 59 0. 092 94 0.920 29 -0.000 25 0.99939 5.76 x10°° 0. 007 59
540 2.0 60 1. 006 25 0.107 38 0.934 81 —-0.000 26 0.99906  9.70 x10° 0. 009 85
720 2.0 60 1.004 70 0.13719 0.892 18 —-0.000 49 0.998 87 1.24 x10~* 0.011 12
900 2.0 60 1.003 22 0. 14770 0.914 93 —-0.000 49 0.999 08 1.13 x10~* 0.010 64
900 1.0 60 1. 006 81 0.097 63 1.020 15 —-0.000 28 0.998 66 1.66 x 10 ~* 0.012 90
900 1.5 60 1. 004 29 0.126 42 0.969 47 —-0.000 26 0.999 06 1.12x10°* 0.010 58
900 2.0 60 1.003 03 0.163 26 0.874 32 —-0. 000 66 0.999 03 1.16 x 10 ~* 0.010 79
900 2.5 60 1.001 86 0.18249 0.859 10 —-0.000 69 0.999 41 7.49 x 10 °° 0. 008 65
900 3.0 60 1.001 34 0. 180 67 0.878 96 —-0.000 64 0.99964  4.61x107° 0. 006 79
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L B AR 900 W B XU FE Dy 2.0 m/s [
a=-6.70282+0.51651T7-0.012917" +
1.42540 x 10 *7° -5.87333 x10'T* (R’ =1)
k=0.001 88T +3.663 82 x10 °T° -
4.18251 x10 7’7" (R*=0.998 84)
n=0.070 627 —=0.001 76T* +1.741 09 x 10 °T° -
5.95269 x10°°T* (R>=0.99990)
b=2.04362x10°T-7.79249 x 10 'T* +
5.04058 x10°T° (R*=0.99224)

M HXE BE R 60°C FAXGER FE Sy 2.0 m/s B
a=1.00121+3.16204 x10 °P —5.478 40 x
10 °P* +2.45770 x 10 "P*  (R>=0.998 60)
k=0.093 04 —1.499 58 x 10 *P —5.478 40 x
10°°P* =2.95067 x 10 "°P*  (R’>=0.989 81)

n=1.02828 -0.001 87P +8.028 86 x10 °P* —
1.24740 x10 *P’ -6.33954 x10 " "P* (R’ =1)
b= -2.27786x10"" +8.89547 x10 P -
2.970 10 x 10 °P* +1.829 96 x 10 " P’
(R>=0.91097)

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1.0
B

0.1 0.2 03 0

e 2% R 900 W B XU B2 Oy 60°C I
a=1.01547 -0.011 88V +0.003 61V* -
4.066 67 x10°*V*  (R>=0.99777)
k=0.104 62 —0.081 79V +0. 093 88V° —
0.01940V* (R>=0.99871)
n=0.964 40 +0.260 19V - 0. 255 05V* +
0.053 03V (R>=0.97949)
b=-0.01028 +0.023 22V -0.018 69V +
0.00621V* =7.35479 x10 *V* (R*=1)
X T—HRGRE,C P—— M) %, W
V——H X, m/s

2.4.2 BIRVEGIE
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Fig.5 Comparison of experimental and predicted M, from Midilli et al model under different drying conditions
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