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Development of Continuous Cross-Flow Rice Drying Model
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ABSTRACT

This study was worked out to obtain fundamental data needed for developing a continuous type dryer. The
drying process in a cross-flow type continuous dryer was expressed as partial differential equations, and a drying
simulation model for predicting rice moisture content, rice temperature, drying air absolute humidity, drying air
temperature was developed by using the finite difference method. To validate the performance of the drying
simulation model, a prototype continuous dryer was constructed in this study. The size of the test dryer was one-
tenth to that of a commercial continuous dryer. The difference in the outlet rice moisture content between the
predicted values and the measured values was within 0.5%, that of outlet rice temperature was below 37, that of
drying air temperature in drying bed was within 8°C and that of relative humidity of outlet drying air was big
because of the different measuring point. In addition, a drying simulation model for a actual size continuous dryer
with double flow was developed in this study. This drying simulation model included the rice mixing effect in the
middle of drying length. The difference of outlet moisture content between the predicted and the measured values
showed below 0.5% in this study.
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Fig. 1 Schemetic diagram of continuous drying bed.

Table 1 Comparison of continuous drying models

Description Model 1 Model 2 Model 3

Thin layer equation Wang Wang Agrawal and Singh
Equlibrium moisture content equation Chung-Pfost Zuritz Henderson and Thompson
Latent heat of vaporization equation Chung- Pfost Chung-Pfost Chung-Pfost
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f Start l Table 2 Specification of experimental appara-
v tus
Data Input menu
o Amb. air condition o Input grain condition Holding capacity (kg) 45
o Drying air condition = M/C condition
Air flow rate(m’/s - ton) 25
Conveying speed(hr/pass) 0.5 (variable)
ﬁ Drying air temperature 45 (variable)
Calculation .
o Intial vaives o Boundary values Drying length (m) 0.7
(] . .
Calculation Drying width(m) 0.45
o Grain moisture content .
o Drying air absolute humidity Drying depth (m) 0.235
o Grain temperature
o Drying air temperature
J > height
/ Data print / T1 Temp. sensor for inlet drying air
T2 Temp. sensor for drying air in drying bed
[ End B T3 Temp. sensor for outlet drying air
T4 Temp. sensor for ambient air

Fig. 2 Flow chart of computer program for the

continuous drying model. H1 R. H. sensor for outlet drying air

H2 R. H. sensor for ambient air
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H2 2 Main heater
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Fig. 3 Schematic diagram of experimental apparatus.

—282 -



23T o 02 o) PHEHZ AF SAHES
FAAEAL B 2= AEAAQ A F Ao, 7
A=+ 39 359 2

gt HEME WYY

N HEN=

FE AT ol golA 1996 94 159 5%
# 2BF ¥ 28BS TASY AHgElon, 4
7135 AQ A2E LA A3 AL AF ol
8T B@3dA ARt

2) HEy

7 48 5%

WY Frgl AVQECT ARLE 135 £ 3T
ol A 24X+ Az A B2 FAE EAHE X o
£ g5e2 g

Lh 2= &3

AZAF} AzxFd W L= THAE 474 4
2E2 o1 o7)o] Pt-1000 FHAUNE NUs* T
ZAHE 25 F HIAE 489 22 U
7] EE Pt-100Q A E AHEsto] S 519
o, 93 FVNLE(TH)es HEFA 2 =59
A g, A5 FFELE(M)E AZ A F0A
0.35m, A 2% vhetA oA 0.12m XN ANA SR
o}

oh & &9

AR-F71(H2)¢ wiE 439 Fds=H)E
71AFA FAFEAE AHES] FA89e0, A
B3 LEEAY FTREAE AHEEte] By
Atk AR-F7Y FUFEE AFZAY g7 =
2¥ AU 2 HAsq AL, WiEE71d 2
FEE dx AFHAM 035m, A=F 4F <

Sem 9 A oA A3

ghHAxE 22 UX 5F
AZAY A% AA3EY duda T2 &

Hato] dr AulRg SFFR00, B4 A
A $EA 9 o) $HA Y 2au) WYBE =
st

oX

o) HZx 4

Az 299 FFH A&H dz27odAMg Az &
& Tetaty] Ao Az 2P & o4 E IFF,
FITLE3IFELE do] Az AFS ANEAT
AT A92AS & 35 2.

Z APz st AE 480 A2 Az
2o %t S E 19 4o tebRTE 1Y 40
A Az Y 13 29 Z3E AFTF 5-28 A Y
I 0.5%wb)olstE JEbged, Az 29 39

T 5719 AP FolA 1%(wb.)o)4te nay &
Zatg Jebdth A2 29 13 28 337 A 48
Tol AHA vlng FdaA B2, 1 A
%2 Zz 0.84, 0.78%(wb)2 et} o9k
Ao ABAAY 25 QaHl g AA gz
Bo} Ao)) L AR AHA AA ] i 22 281
TY Ax YoldA HIF 1o g F4g BRI}
1%(w.b)o] i o] & Kot AL AU o, A5
4 AY YREE Aor B 4 Qo g5g 4%
zdz o$ Agsicty gHHT A2 2 39

& 2z Hoigro] 145%(wb)olsr 5719 A3
T A 1%(wb)oldez vlwd A Vel o
gA 3z 29 39 B IAEANA F5E 45
pdze A @ Aoz gaE Yt

L A& He 25

2t AP zAd diF ¥ ARF 25 A=A 9
Azzdo g% oA g AENE 19 59
et 29 5S4 AEH o) gt A5 A B3}
Az 29 17 29 3§ 3To|d = Jehod,

—283—



7| AEE A A22A M35 19979 9¢

Table 3 Experimental condition of continuous rice drying

Exp. Airflow rate | Mov. speed | Drying air | Amb. air Amb. air | Input grain Input
No. (m’/s - ton) | (hr/pass) temp. (C) | temp. (C) RH. (%) temp. (TC) MC (%)
1-1 25 0.554 45.49 2294 66 24.1 2244
1-2 25 0.554 4528 23.88 78 331 19.30
1-3 25 0.554 45.17 21.17 71.6 347 17.03
1-4 25 0.554 44.77 20.84 73 357 14.84
2-1 25 0.554 54.98 2222 49 242 23.70
2-2 25 0.554 54.28 2293 48 382 18.62
12-1 25 0.554 39.90 22.05 49 20.0 22.06
12-2 25 0.554 40.30 2131 49 303 18.82
12-3 25 0.554 40.15 19.45 51 328 16.21
5-1 25 0.675 4485 2421 66 155 2249
5-2 25 0.675 45.02 23.73 62 33.8 18.48
6—1 25 0.335 45.17 23.64 70 145 2242
6-2 25 0.335 4497 2421 67 325 19.98
6-3 25 0.335 45.00 23.40 75 34.3 17.92
7-1 25 0.554 4481 2198 74 188 25.16
7-2 25 0.554 4493 23.20 77 23.1 21.16
7-3 25 0.554 4493 23.00 75 23.2 17.86
* MC: moisture content on wet basis
* RH: relative humidity
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Table 4 Comparison of energy consumption for the measured vs. predicted values.

Exp. Measured energy | Predicted energy | Weight of water Engrgy consumption
No. consumption consumption removed (kJ/kg-water)
(9] &) kg) Measured Predicted
# 1 148,748 89,450 17.70 8,403 5,053
# 2 95,110 58,032 9.61 9,896 6,038
# 12 83,917 54,422 8.77 9,568 6,205
# 5 83,486 50,889 7.39 11,297 6,886
# 6 63,372 37,893 7.54 8,404 5,025
# 7 101,934 64,290 11.39 8,949 5,644
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