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Simulation of Drying Grain with Natural Air
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Abstract

The major objective of this study was to develope a computer simulation model to
analyze drying process in a deep bed with natural air.

The approach used to describe the continuous drying process in a deep bed was to

divide the process into many small processes and simulate them by consecutively calcul-
ating the changes of grain and air conditions that occurred during short increment of

time.

Success criterion of the drying system was based on grain deterioration estimated by

drymatter decomposition during drying.

Tke results of the experimental test showed that the model was satisfactory.
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Drying air
Temperature=T
Humidity=H
Fig. 1. Schematic diagram of thin Iayer drying process
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Fig. 2. Schematic diagram of simulation approach
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‘ MOISTURE CONTENT
CALCULATE EQUILL l
BRIUM RELATIVE CALCULATE FINAL,
HUMIDITY ) ' AIR TEMPERATURE
N

{CALCULATE FINAL
MOISTURE CONTENT

N

CALCULATE
RHF
.995=RHF=1.07

JCALCULATE FINAL
ABSOLUTE HUMIDITY

{CALCULATE FINAL YES
| AIR TEMPERATURE ESTIMATE BET
-TER FINAL
ABSOLUTE HUMI
CALCULATE DRYMATTER -DITY.
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FINAL RELATIVE
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i
CALCULATE GRAIN
TEMPERATURE RISE
AND MOISTURE CONTENT
INCREASE DUE TO DRY-
MATTER LOSS
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GRAIN CONDITION

TFig. 3. Flow chart of simulation program
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Table 1, The agronomic and other data of the
rough rice variety used for the drying

test with natural air

Variety Jinheung
Sowing date . Apr. 25
Transplanting date Jun. 17
Hauivesting data i Oct. 13

Oct. 14-Oct. 23(continu-
ous fan operation)
! Oct. 24-Oct.31 (intermitte-

Drying period

nt fan operation from
J 9:00 to 21 ; 00)

Tnitial moisture content| 24.8(% w.b.)

Quantity of rough rice | 2. 5(m®)

‘Grain depth 1. 1(m)

2) HBREKE

K ERER A #it Bing AEKRS Fo
7} 538 12mmSA o FiR-g FHSd 2el3 2.25
m3(1, 5mX1.5m), ¥o] 1.8me EFHT Witz %
festg ek, Wubeol A 20em Eole] FMB(ES] =7
2.5mm X2, 5mm)-& Zskew], giFd A F¥ 15cm,
30cm, 60cm, 105cme] Eolel EE& REHREIL(E
& 3.2cm) & BREIACT

A ER FFEY BE#EE EE 30cmey HBLE
© 2 1734rpmo] A 42 6m®/ming] EES I 4 9
£ Aoz 0.75KWe HIHEERE EiEstd A

Ao RBRERC FHE JMHE FHs Lim
ole], EE-L 2. 35m*/min.mbe) it}

RHRERD B4t mEe fpsly] S99 &%
BEE B #ES A,

3) WEHE ¥ HA

O® ¥ &KE; B4 Bing) i8] A 35 15cm,
30cm, 60cm, 105cmizold] Sl KfFe rhirBis}
Z rhieBhell A oA 50cmBEY] F®|ipe 1584 3W K
Hez 18 10 FEHsA G

¥ 9] EUNEL BE 0.0129 KHS FEstd &
#% oveno] {kd 110°C FEEZIFHK o2 YA

D ZERES JIE HE lm/sec, Biram anemo-
meter& ffifjsted EES NEstgs.

B BEERY EE ¥ HERE MR fE
fHE HEZYE on, HREHPY REEEE 5k
o] Table(c)o Wedk= ol vt

2). AEelold 2™l &3t B
H o kA B(LE BISH Beted mEd ¥

HBREREY AEdc)ded Rl Aﬁ%% fr»H’.—
3 et

© WH#EKE ; 0.330(decimal, d.b.)

2 TR 15.6(°C)

3 MEER 1,500k

1 B4 Bing] HE ; 1.53(m)

& ByEe $1.15

B ZEE  4.99(m®/min)

&

D EIRESRTR S 5 3(hrs)

® RREKL ; 3FH ) WEREF L BEHBE(HFE
(Table(c))

9 BEZEY nH EFE . 0C°C)

BHREEg o 2 4“3%.— X & 10HME #
WEES st on =% 8HHE B RE (09~21
Fi)-& Bzt o,

Lt RERMES BAES] e

HRERS AEdold Qe HEd B
g S #%e Table 29 o}, Fig. 42 %
BHEA AN BHEET SKES HEE Aoy
Fig. 4% 284H wmHH5 FHekEes
B3 Ao,

b BRI B ulst Zo] Rl A &k
o ERES BIEY ZRE £0.01~1.29% o]0
Z2RYRES) FHEKEY] 2RE £0.03~0.47(5
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Table 2. Comparison of the experimental and predicted moisture content
(Initial moisture content 24% w.b., airflow rate 2.35 mm/m® bed depth I.
1m, no heat added.)

\\\D@l‘; 15 1 30 60 105 ! Average
/M | i | 5 l
’/ (%! xk | odokk | I i
Lw.by, E P D E p D E 3 D | E P l D E P D
DT | [ L |
21 22.6825.97|—1.29) 24.33] 24.21] 0.12] 24.57) 24.38 0.19) 24,66, 24.51] 0.15 24.06 24.27)—0.21
45 22.2925.00-0.71, 22.79) 23.57|~0.78] 25,96 2407 —0. 11| 24,04 24.37—0.28 22, 27, 23.74—0.47

117 21.7321.18] Q.55 22.65| 22.46{ 0.19] 23.76| 23.58 0.18! 24.19° 24.13' 0.06

23.08; 22.84] 0.24
| i
165 19.4219,.32) 0.10] 21.43! 21.10| 0. 53] 22.47 22'82‘_0'35|1 23. 56, 23.70i—0.'l4‘ 21.77| 21.74; 0.03

225 ;17. 8618.22—0. 36, 20.76 20,10 0. 66 21.76 22.30—-0. 54 23.36. 23, 48,—0.12: 20.94 21.03—0. 09

! i i |
279‘15.23]5. 28|--0.05, 17.02] 17. 52/—0. 50; 20. 82 20.96‘—0.14 22.94\ 23. 02J“—O. 08‘ 19.00, 19.20! 0.20
303i15. 2015.51(—0.31] 16. 92;’ 17.20/—0. 28! 20.52! 20.48 0.04 22.7]~ 22.70; 0.01; 18.83; 18.97/—0. 14
327 {15.1715. 18/—0. 01 16. 02 16. 66|——O. 64, 20. 26' 20.04 0.22 22. 62J 22.59; 0. 03i 18. 52! 18.62/—0. 10
! ! b i i

*E ; Experimental values **P ; Predicted values ***D=E—P DT ; Drying time(hrs)

i
i | ‘ ' | |
|
|

0. 19DEA A2 A —FIle Aeon e 4 Calderwoodd] ksl A& A EFdHeoldmde W

siet, Wi Fig. 63% Fig. 7004 xE wle} o] 94
= AFdlold el #ES 53te Calderw- F —HEE ¢ F A

00d(9)7]- i TexasF Beaumonte] A izl W o wetd], &K AFdeld 222 W jiiEEESGR
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= FEgE
25

PG AR 1 19.6% (w.b.)
ZEE 1. 9lem/m? 2R

Bing] B :2.7m ar
MERE A 2.5m < ®r
25 R
g 21
o - 3 2
23 == 105cm i 1k
~ £
S oer a2 I8 .
F E e o peTimental
21+
& -y ,
5 20 § 16 ke —=—=— Pradicted
H <
8 L
: 19 sl
5
- 81
3 ! e o)
et
= 17— Experimental ‘L i i L L
b 120 150 240 300 360
16 === Predicted
DOry time/hrs)
B Fig. 5. Comdarison of the experimental and
uF predicted average moisture content(Initial
~ . .
T . L . , . moisture content 24.8% w.b., airflow rate 2.

60 120 160 710 Bl 30 35cm/m?®, bed-depth 1.1 meter)
Deving time (hrs)

Fig. 4, Comparison of the experimental and

£
predicted moisture content at each layer(Ini- 5 # Aty
tial moisture content 24,8% w.b., airflow rate
2.35cm/m?) #YY HEEE 9% BEEERARE BEL
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Fig. 6. Comparison of the experimental and

predicted moisture content at each layer
(Initial moisture content 19.6% w.b., airflow
rate 1.99cm/m® bed-depth 2.45m, bin diameter
2.70m, location, Beaumont, Texas)
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location, Beaumont, Texas)
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