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Abstract

This research developed a new model to determine the moisture diffusion coefficient for
the thin-layer paddy drying with the spouted free-fall bed dryer. The design and construction of the
dryer was done to experiment with the drying kinetics. The experiment has studied under conditions
of hot air temperature of 60-150 °C, the initial paddy mass of 5 - 15 kg and hot air velocity of 19 m/s.
The results showed that the higher hot air temperature and the lower initial paddy mass resulted in
a significant reduction in drying time. The experimental results were used to calibrate 12 of the most
popular thin-layer drying models to find a suitable one, considering based on the root mean square
error (RMSE), chi-squared value (2) and the correlation coefficient (r). It was found that the popular
thin layer drying model was able to accurately predict the effect of the moisture ratio, considering
both the influence of hot air temperature and the initial paddy mass, in linear models. The highest
accuracy was RMSE = 0.0279, ¥2 = 0.00084 and r = 0.9938. In addition, the experimental results have
been used to synthesize the new diffusion moisture coefficient, which is a function of initial paddy
mass, temperature and drying time. This developed model was based on an exponential function
with only 7 model constants. The simulated results observed that the new model achieved the

average error only 1.8 percent compared with the best model that uses up to 24 model constants.

Keywords: Spouted Free-fall Bed Dryer; Paddy Drying; Thin-layer Model; Moisture Ratio; Moisture
Diffusivity Coefficient
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8 3 0.01438 0.00026 0.99833 0.02709 0.00092 0.99404 0.01629 0.00030 0.99701
9 3 0.00820 0.00009 0.99952 0.02014 0.00051 0.99663 0.01014 0.00012 0.99923
10 6 0.00640 0.00007 0.99966 0.00888 0.00013 0.99933 0.00652 0.00006 0.99949
11 4 0.00552 0.00004 0.99975 0.00572 0.00004 0.99972 0.00469 0.00003 0.99973
12 a 0.00612 0.00005 0.99969 0.00644 0.00006 0.99965 0.00466 0.00003 0.99974

31n3U7 3 wansauduiusvesdnsidiu
AUIUAULIANDULIAS WS ULBUTENINNANTT
naaswarNan1synunelaglviluuinaas Modified

Henderson and Pabis (1999) uwag Midilli et al.

(2002) WUIT9IABILUUINABIIMHANISHIUNE
A0AAABINUNANITNARDY LA8LUUINaDY Modified
Henderson and Pabis (1999) #iAnsusiugngendn

Tnendsseuay 2.6
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A15199 3 ANAINILUUIIRDILATHATLASIE VAL UE U IT U
Model Model constants
RMSE Xz 7
No. C[ C2 C3 C4
1 -0.01056 0.00034 0.00059 -0.00002 0.05261 0.00282 0.97804
k 0.00729 0.00003 -0.00045 0.00000
2 0.04353 0.00197  0.98457
n 0.65398 0.00608 0.02146 -0.00032
a 1.05768 -0.00104 -0.00429 0.00010
3 0.05121 0.00272 0.97874
k -0.00791 0.00030 0.00039 -0.00001
a 0.40824 0.01067 0.13148 -0.00106
k -0.00505 0.00015 0.00009 0.00000
il 0.02790 0.00084  0.99380
b 0.54817 -0.01030 -0.13173 0.00106
g 0.00507 -0.00015 -0.00122 0.00003
a 0.00378 -0.00020 -0.00023 0.00001
5 0.06693 0.00465 0.96503
b 0.00002 0.00000 0.00000 0.00000
a -0.20787 0.02231 0.06771 -0.00105
6 k 0.00540 0.00004 -0.00032 0.00000 0.04019 0.00171 0.98690
c 1.20662 -0.02276 -0.06965 0.00111
a 0.30065 -0.00571 -0.08384 0.00064
7 k 0.01662 -0.00034 -0.00227 0.00005 0.02819 0.00084 0.99352
g -0.00253 0.00014 -0.00005 0.00000
k -0.00526 0.00001 0.00098 0.00000
8 / -0.55484 0.00067 0.16700 -0.00003 0.02586 0.00071  0.99482
n 1.09021 -0.00019 -0.02029 0.00035
a 3.94726 -0.06902 -0.23008 0.00394
9 k -0.02940 0.00060 0.00201 -0.00002 0.02764 0.00081 0.99378
b 1.13633 -0.00001 -0.07070 0.00023
a 0.37246 0.00072 0.04667 -0.00003
k 0.00661 0.00004 -0.00040 0.00000
b 0.02526 -0.00107 -0.00471 0.00009
10 0.01860 0.00039  0.99719
g 0.03146 -0.00059 -0.00188 0.00003
c 0.58548 0.00028 -0.04171 -0.00004
h -0.03960 0.00078 0.00378 -0.00007
a 1.00081 -0.00018 0.00192 0.00000
k 0.01828 0.00000 -0.00072 0.00000
11 0.02119 0.00048  0.99636
n 0.08719 0.01009 0.07547 -0.00118
b 0.00272 -0.00009 0.00010 0.00000
a 2.40392 0.01557 -0.13147 -0.00020
k -0.00167 0.00003 0.00023 0.00000
12 0.03353 0.00121 0.99091
b -0.01949 -0.00013 0.00186 0.00001
¢ -1.36762 -0.01506 0.12540 0.00018
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1.0 %
B 60°C, 5kg (Exp)
0.9 ® 80°C. Skg (Exp)
*  100°C, 5kg (Exp)
0.8 A 120°C, 5kg (Exp)
9074 X 150°C, Skg (Exp)
f-:: » Modified Henderson and Pabis (1999)
206+ NN N - Midilli et al. (2002)
Z
)
=05+
04 T
03 T
0.2 A g t t t
0 50 100 150 200 250 300
Drying Time (min)
1.0
B 60°C, 10kg (Exp)
0.9 ®  80°C, 10kg (Exp)
& 100°C, 10kg (Exp)
0.8 A 120°C, 10kg (Exp)
X 150°C, 10kg (Exp)
20.7 Modified Henderson and Pabis (1999)
g oo Midilli et al. (2002)
L oo 3
£0.6 -
2
S
> 0.5
0.4 \
‘I
0.3
0.2 - - > - =
0 50 100 150 200 250 300
Drying Time (min)
1.0
. 3
0.9 * ", 15kg (Exp)
A 15kg (Exp)
0.8 T X 150°C. 15kg (Exp)
Modified Henderson and Pabis (1999)
207+ RN Midilli et al. (2002)
°
0.6 T
R
So0s5+
0.4 +
03 T <
0.2

0 5‘0 1(‘)0 1;0 2(‘)0 2;0 300
Drying Time (min)
JUN 3 dnsduanurufisuiuaIeuLieilaen

AINAABILAZAITYINUIEAILLUUIIABY

3.2 n331aneAnduUsEaNE NS UNI ALY

Tnevialunnsiinsgaivean Doy finfiansan
naunsi (3) Tegldifisanatiusn (m=1) dean
aududoulunisaniiunig (navesn1sianali
n=2 sanlurliAnnnunainndouads sz

fovaz 16) MnTuTdngudanduanuduadely

sULUUABN B TNfsENn1sT (1) moywudifieuiu
1381 (d(In MR)/dt) LLé’a%’ﬂgﬂLﬁa‘Lﬁlﬁé’uUszﬁwé
A1TUNI AL TY (Dey AruaunIsi (12) Tunng
°dﬁﬁ’am1ué’uﬁuﬁ‘iwdNé’mwdaumm%u (MR)
LAZIIANDUWRS (1) 1191NNNSNAADY ML
muuslduanmanswlugy In MR Jigudu ¢ agle

1 d(In MR)/dt fRepuduuesnsmiues

2
7D .t
lnMRzln(%j——;ff (1)
T r
2 \dIln MR
D =—|L (417 (12)
& 7’ dt

AT lUSnfmunduuszaninisuns
aududuasi vaneau din MR)/de
Arnsil egalsAmuluainuduasadnfangtn
WaguuUasmunia gunnll uazIaouLa i
wanslugud 4 snideifainaueduuszandnig
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4 a, a;=-0.2285, a,=-0.4291, a;=-0.0024,
=(a explaym)+a;)exp(==7) (W) 458 2244, b,=-0.0244, b:=-0.0696,
b3=50.4989
—b v
— 3 d' o M v a o
B = (b, exp(b, m))eXP(T) (14b)  9inaun1si (11) dnguluadlaiduannis (15) el
! N o N % o & — 6 ruz
TnuAAsiLuusaedluaunsi (14) 1Wusadl D, =|In i In MR oy (15)
A1519% 4 ATiees 4 way B lugunsy (14)
m=5kg m=10kg m=15kg
T(°C,
(5% A B A B A B
60 -8.52x10° -7.41x1073 -1.62x10°¢ -5.23x1073 -8.08x107 -3.69x107
80 -6.52x107° -9.15x107 -1.24x10° -6.46x1072 -6.18x10°¢ -4.56x107
100 -2.21x10 -1.04x1072 -4.19x107° -7.33x10°® -2.09x107° -5.17x1073
120 -4.98x10* -1.13x107? -9.45x107° -7.97x102 -4.73x10° -5.63x107
150 -1.12x1073 -1.23x1072 -2.13x10* -8.67x1072 -1.07x10* -6.12x107
0 50 100 150 200 250 300 0 50 100 150 200 250 300
0.0 ! : : 0.0 ' ' |
" m 60°C, 15kg (Exp)
02 B 60°C, 5kg (Exp) 02 e 80°C, 15kg (Exp)
® 80°C, Skg (Exp) & 100°C, 15kg (Exp)
-0.4 ¢ 100°C, 5kg (Exp) -0.4 A 120°C, 15kg (Exp)
A 120°C. 5kg (Exp) x 150°C, 15kg (Exp)
-0.6 1 X 150°C, Skg (Exp) -0.6 1 § — Proposed model
& —— Proposed model &
f: -0.8 Z-0.8 T
k=] g
-1.0 T 1.0 +
12 1 12 ¢+
-L4 T 14 +
u
1.6 1.6
Drying Time (min) Drying Time (min)
0 50 100 150 200 250 300
0.0 t t t t t
® 60°C. 10kg (Exp)
-0.2 ® 80°C. 10kg (Exp)
i & 100°C. 10kg (Exp)
: A 120°C. 10kg (Exp)
06 + x 150°C, 10kg (Exp)
& ' ——Proposed model
Z-08 +
=]
-1.0 4
12 +
14 T
16

Drying Time (min)

5UT 4 aan13iiuvesdnsdiumnuduiuiaIa UL
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1.0 - 1.0 %
B 60°C, 5kg (Exp) B 60°C. 10kg (Exp)
® 80°C. 5kg (Exp) ®  580°C. 10kg (Exp)
0.9 ® 100 (Exp) 0.9 1 & 100°C, 10kg (Exp)
A 120°C. 5kg (Exp) A 120°C. 10kg (Exp)
0.8 1 X 150°C. 5kg (Exp) 0.8 X 150°C. 10kg (Exp)
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