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Analysis and Model Exploration of Paddy Hot Air Drying Process

LIU Chunshan CHEN Su CHEN Siyu ZHANG Yan WANG Anran GAO Xiaoweil
(College of Mechanical Engineering, Jiamust University, Jiamust 154007, China)

Abstract: To explore the effects of different drying processes on the drying characteristics and
quality of paddy, a self-made paddy drum hot-air drying device was used for hot-air drying
experiments with drying temperature, initial moisture content, and drum speed as influencing factors,
and paddy cracking rate, protein content, fatty acid value, and taste value as evaluation indicators.
Single factor and orthogonal experimental methods were used to explore the effects of different factors
on the drying characteristics and quality of paddy, and the optimal drying process for paddy was
analyzed. The applicability of six drying mathematical models in hot-air drying was compared. The
results showed that drying temperature had the greatest impact on the drying characteristics and
quality of paddy, followed by initial moisture content and drum speed. As the drying temperature was
increased, the drying rate of paddy was increased, and the cracking rate, protein content, fatty acid
value, and taste value of paddy were increased, while the taste value was decreased. The moisture
content of paddy was reduced to 18% by natural drying method, and the drying quality of paddy was
the best at drying temperature of 40 ‘C and rotating speed of roller of 30 r/min. The optimal drying
mathematical model was Wang and Singh model. As the drying temperature was increased, the
effective diffusion coefficient of paddy moisture was also increased. When the drying temperature was
increased from 40 “C to 60 ‘C,its effective diffusion coefficient of paddy moisture was increased from
9.433x107" to 1.885%107"", and the drying activation energy of paddy was 30.153 kJ.

Key words: paddy; dry quality; hot air drying; mathematical model; orthogonal test
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Fig. 2 Effect of drying temperature on the moisture content of paddy
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Fig. 7 Effect of initial moisture content of paddy on drying quality of paddy
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Fig. 10 Effect of drum speed on drying quality of paddy
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Tab.2 Orthogonal experimental design and results

WY B PENER/% AT i (g-(100 g) ") AW RAH/(mg (100 g)") IR
1 1 1 1 11 7.95 65.53 76
2 1 2 2 33 7.85 38.54 74
3 1 3 3 42 7.82 41.04 75
4 2 1 2 41 7.7 64.21 75
5 2 2 3 56 7.62 37.40 76
6 2 3 1 49 7.75 53.62 72
7 3 1 3 63 7.77 30.38 77
8 3 2 1 57 7.5 34.05 76
9 3 3 2 72 7.63 28.79 75

K, 28.67 38.33 39.00
K, 48.67 48.67 48.67
K, 64.00 54.33 53.67
W2 R 3533 16.00 14.67
S e ASB>C
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K, 7.87 7.83 7.82
K, 771 7.74 7.75
K, 7.72 7.73 7.74
T
W2 R 0.16 0.10 0.08
[ISEE=Y A>B>C
S YWIES ABC,
K, 48.37 53.37 51.07
K, 51.74 36.66 43.85
o K, 31.07 41.15 36.27
NE iR {E X
2R 20.67 16.71 14.79
ISEER/N A>B>C
YWk S AB,C,
K, 75.00 76.00 74.67
K, 74.33 75.33 74.67
K, 76.00 74.00 76.00
IEVUR(E] ’
W2 R 1.67 2.00 1.33
S B>A>C
YW S AB\C,

Tk AR v, AT B PRI A TR IR B W R A
FRIE A ARAT A 1o PR A T8 ot IO, [ B, 7 8 U 2
TR WG & KR — B ISR AF T BRI (VR T B
DI S R A TR 0 S N TR UA . GG %R ik
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JI7R o B3R 3~6 A1 - 25 DR 2% X0 R A 148 i J3T 118 52 i) DA
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TR X TREAEA S R, TEREELE P<O.17K T
S0 5 25 ) R 5 7K R R A7 7 5 ) AN I 5 5 X A
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Tab. 3 Analysis of variance of paddy burst rate

H U5 REil 19 F 5 A F
A 1 883.56 2 435.33 273.42
394.89 2 941.78 57.32
C 333.56 2 197.44 48.42
w2 6.89 2 166.78
vl 2618.89 8 3.44

TELF,(2,2)=9,F,,(2,2)=19,F,

0.05 0.01

(2,2)=99.00, F.

A NRWTRRAE , T MR B2 FI0) 42 35 7K ARTE P<0.1 7K-F R 32
Wi S5, VR T S e S (3 5 0 TR A R (A R
MBI o H 7 22 0B A SR AT AL, R I R fh
& SO EENTIIE A UL SN ST ELSuS A R NN
I, FE PR UERE A Bl B A S b, VR n] RESR i TR AR,
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Tab. 4 Analysis of variance of paddy protein content

R BATHREBFEBREMEGER
Tab.7 Mathematical model of paddy drying and its fitting

IR Rl A ¥y F results
A 0.05 2 0.03 9.14 B ) £l RRYECH
fEiAY EiE7D - - - -
B 0.02 2 0.01 3.19 30°C 40°C 50°C 60°C  FHME
C 0.01 2 0.01 2.01 k 0.005  0.010 0.014 0.020
- Newton:
i* 0.01 2 0 R? 0.944 0975 0984 0968  0.968
‘ M ==exp(=kt)
ey il] 0.08 8 R,, 0329 0.75 0123 0.58  0.196
e , k 0.002  0.005 0.008 0.006
x5 WABIHRERFESW
Page: n 1133 1136 1.133 1310

Tab.5 Analysis of variance of fatty acid values in paddy

HeR SR 1 H Byl F
A 737.68 2 368.84 15.71
B 448.66 2 224.33 9.55
c 328.33 2 164.17 6.99

R 46.96 2 23.48

syl 1561.63 8
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Tab. 6 Analysis of variance of paddy taste values

K 5 A A Lyl F
4.22 2 2.11 1.46
6.22 2 3.11 2.15
3.56 2 1.78 1.23

e 2.89 2 1.44

gl 16.89 8
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2 7 AT 1, Wang and Singh 45 7Y X 58 56 25 i 54 $
AR R, R*=0.985, R,,,=0.128. [H Itk , )i 2% il Wang
and Singh FERIVE R R 25 PR8I BE AR R o 15 21
AR L S K00 A Wang and Singh #5581 28 50, v 21K 6] T
PR T RS TR B Y R R R 50 °Cit
Wang and Singh FELIRI Ky :M,=1-0.01 11+2.847x1074,
2.3.2 HRAVEIE

TE AR LA B AT T IR B0 4IF , P PR 2
TR 3BT T, 0 R AR A A R 0 R i o
2 TR 5 T R R AR oA S A X g o R 5 i 1 [
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