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Abstract

The effects of drying temperature on the drying characteristics of soybeans at the different position in the dryer with
28.1% (+0.8) of initial moisture content were studied. Drying temperatures varied at 35, 45 and 55°C, with a con-
stant inlet air velocity (3 m/s). The local air velocities at a position 1, 5, and 9 were 0.150 m/s (+£0.012), 0.247 m/
s (£0.018) and 0.795 m/s (£0.036), respectively. The drying rate increased as the local air velocity increased from
0.150 m/s to 0.795 m/s. The cracked grain ratio increased as the drying rate increased. To prevent quality degrada-
tion of soybeans during hot-air drying, the local air velocity should be considered. Thin-layer drying models were
applied to describe the drying process of soybeans. The Midilli-Kucuk model showed the best fit (R*>0.99). Based
on the model parameters, the drying time to achieve the target moisture content (15%) was successfully estimated.
The drying time was strongly dependent on the position in the dryer and the drying temperature.
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Fig. 1. 3-D geometrical model of the hot-air dryer and the
position of sample tray during hot-air drying.
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Table 1. Thin layer models used to describe the drying kinetics of soybean

Model no. Model name

Model equation

References

1 Newton
2 Page

3 Henderson and Pabis
4 Midilli-Kucuk equation

MR

_ -kt
=€

Lewis (1921)

MR = ¢ Page (1949)

MR

MR

Henderson & Pabis (1961)
Midilli et al. (2002)
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Fig. 2. Changes of moisture ratio of the soybean upon the
drying temperature at (a) tray 1, (b) tray 2 and (c) tray 3.
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Table 2. Moisture content and percentage difference from Tray
1 at drying times of 600 min

Temperature Tray Moisture content ~ Percentage
(°C) number (%) difference (%)"
1 17.76 (£0.51)™ 0
35 5 17.45 (£0.34)Y 1.76
9 16.60 (£0.26)” 6.53
1 13.13 (£0.38)” 0
45 5 12.29 (0.22)Y 6.36
9 10.93 (+1.00) 16.77
1 9.41 (£0.27)" 0
55 5 7.60 (£0.57) 19.23
9 4.59 (£0.44)" 51.19

DPercentage difference is a percentage difference from tray 1 at each
drying temperature.

PValues with different superscripts are significantly different at p<0.05 by
Duncan’s multiple range test.
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Fig. 4. Effect of the tray position on the changes of drying rate
at (a) 35°C, (b) 45°C and (c) 55°C.

o]l = W2 2%} bioproductol A &
AVt A7 B2 Atk (Nguyen & Price, 2007; Rafiee et
al., 2010; Thuwapanichayanan et al., 2011). I Az E2]
Az 3HL A=x7t ’\];‘Lgiﬂr FA] g wE e
AzxE o] dAS FRELFS FA R Eal7] wj&d, A
Z E£5 = YAZREY YFolA FE olFshe Fgit
of 9o]&] Auj=EAl Eti(Chua & Chou, 2005; Doymaz,
2007; Shi et al., 2008; Moon et al., 2014).
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o o] 71x7] W AlES] X e FE A v
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3ttt (Overhults et al., 1973; Soponronnarit et al., 2001;
Wiriyaumpaiwong et al., 2001; Sangkram & Noomhorm,
2002).
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Table 3. Cracked grain ratio after the drying process

Temperature Cracked grain ratio (%)
(o) Tray 1 Tray 5 Tray 9
35 2.09 (£0.02)""  3.16 (£0.04)*  6.78 (£0.09)°
45 6.49 (+0.04)  7.94 (0.08)°  9.19 (*0.11)°
55 11.64 (£0.07)*  12.18 (£0.12)°  14.37 (+0.03)°

YValues with different superscripts in the same column are significantly
different at p<0.05 by Duncan’s multiple range test.
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Table 4. Evaluation of thin layer models to describe the drying
kinetics of soybean
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Table 5. Model parameters from the Midilli-Kucuk equation to
describe the drying kinetics of soybean

Model Model  Table Temperature 2 Model Tray Temperature b k
no. name rumber  (C) R® RMSE RSS name  number  (°C) a qoty a0y M
35 0.9270 0.0368 0.0271 35 1.005 4.525 2.581 0.9657
1 45 0.9197 0.0523 0.0548 1 45 1.009 3.908 3.090 0.9887
55 0.9895 0.0231 0.0107 55 1.010 2.004 2.852 1.0130
35 0.8548 0.0510 0.0520 Midili 35 1.008 4.087 5232 0.8487
1 Newton 5 45 0.9197 0.0523 0.0548 Klucluf(' 5 45 1.013 3.023 6.184 0.8698
55 0.9766 0.0355 0.0252 55 1.013 1.545 5.799 0.9153
35 0.6836 0.0729 0.1063 35 1.003 2223 17.53 0.6260
9 45 0.8419 0.0721 0.1040 9 45 1.004 1.147 20.01 0.6579
55 0.943 0.0561 0.0629 55 1.002 0.489 22.61 0.7066
35 0.9890 0.0147 0.0041
1 45 0.9864 0.0218 0.0091
g o Eat=4 H} o = HO W7 Sl 2=Bskat
55 09959 0.0148 0.0042 *KE“];HT 7] J—}i;’}oﬂ’ ;’E ﬁf—? O}L] TT? :
WAl HZA 7] 93k AZA|7Fo =A% 2= o A
35 0.9867 0.0158 0.0048 i 17171 4] | 5849 5 _“E} -
2 Page 5 45 0.9891 0.0198 0.0074 Z &5 ¥ Edo] 134} Ego] 95 15% FRIF7HA 7
55 0.9954 0.0163 0.0050 27171 8l "ok Az A7 Z4zF 35°Col A 370
35 0.9946 0.0098 0.0018 F} 2553, 45°COlA 21122 1303, 55°COlA] 17434 73
9 45 0.9979 0.0088 0.0014 ES Uehfo], Ax £xi ol dEAxI A Ax
55 0.999 0.0075 0.0011 7] W A= 9% A To] ARE &) wEA] vE 5
35 0.9573 0.0289 0.0158 ojo} ®e sholsl = 9T}
1 45 0.9616 0.0367 0.0256
55 0.9910 0.0219 0.0091 ° o
Hend 35 0.9279 0.0369 0.0258
endaerson
. 5 45 0.9520 0.0415 0.0327
and Pabis =z Ol A= AN Z o] 9] = =
55 09832 0.0309 0.0182 731‘;*}91 E::d = ”1} ‘T“‘ i M];t}_ 7‘%5 i
o slako Sl AFLE S Hl= 7
9 45 09348 00475 00429 = EHd= AEsto] %"" Az 545 Agstilon,
55 0.9709 0.0411 0.0321 Midilli-Kucuk zdo Azl A Fo] Ax E4ES A
35 0.9993 0.0040 0.0003  =°t71ol 7 A sl ‘:‘r(R2>0 99). Ax7] W AE2] 9
1 45 0.9972 0.0104 0.0019 x]—E— 223k Edlo] 1, Edlo] 5 28] Ego] 9 B9

55 0.9910 0.0072 0.0009

35 0.9979 0.0067 0.0008
5 45 0.9967 0.0116 0.0023
55 0.9981 0.0109 0.0020

35 0.9987 0.0050 0.0004
9 45 0.9991 0.0059 0.0006
55 0.9990 0.0079 0.0011

Midilli-
Kucuk

ojgk Fo Frgel Wsks #4sh7] 913l
Az ®dlo] X*%WS B7rsb7] flsf A&
SE ug ] XJ_Q_O %%
] Midilli-Kucuk =4 o] 7}%} 2 5Lo}°iott1 g =o
R* %F (>0.9967)% 717 & RMSEZH(<0.0116)3} RSS7
(<0.0023)= YERH AT (Table 4). 1143 37820 ]3|
A A€ Midilli-Kucuk 299 Efo] 929} A% &%
o] W2 &4 WS Table 59 YeERRAT o2 FaiA

A Ax 2= St A xR 2= St Ed

o] 1, 5 28] 9olM ] F&5L 717 0.150 m/s (£0.012),
0.247 m/s (£0.018) 3L 0.795 m/s (£0.036)2] #+& 1}
o] Ax7] A mE F52 EF2 inlet>ZHE
Hold4E F7bsldth $50] S71st] et 4 B 4
AGELTE F7hste] e Az 2E0lA AlZe] dzx7]
W EF9] inletd] 7HETE AREETT Sl oM,

T 3o duy HAeE

Az SE7b S74el wet Az 39

= 209%C0M 1437%2 F7tete] Az F Fo] F4S
A 918l Az St T3 AARIS gRIsTh
275 EFEH(28.1%) 0 ERE ERFEH(15%)HA A%
A717] 98l 35, 45 283 55°C AxolAM Edo] 13 E
glo] 99 "o HAx A7+ 37083 2558, 21183 130
i, 17433 1385 UERo] A% 258 ohle Adx &
Az7] W MEe] 1A ek Fo] dFARE 8l vh=A
A E ook 3hE gelakd
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