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A gtudy of natural air drying of rough rice
leading to optimization.

Part I: Minimum airflow requirement and required drying time
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Han, Young Jo; Koh, Hak Kyun; Chung, Chang Joo

Abstract

A simulation model of natural air drying to predict the changes of the grain moist-
ure content and dry matter loss of rough rice was developed by the application of
mass diffusion theory. A series of simulated drying tests was conducted using the 10
year weather data (1970—1979) obtained from Cheongju, Chuncheon, Daegu, Daejeon,
Jeonju, Jinju and Suweon in Korea. System performance factors treated in this study
were initial moisture content, airflow rate, bin diameter and grain depth.

The results obtained in this study are summarized as follows:

1) The simulation model used in this study was validated with actual experimental
results and was applicable to the natural air drying of rough rice,

2) Minimum airflow rates for safe drying were determined for different initial moi-
sture contents and regional weather conditions as shown in Table 6,

3) Equations for estimating drying time and dry matter loss in terms of airflow rate
and iritial moisture content were derived in the form of an exponential function.
4) These results show that the natural air drying system of rough rice is feasible in
Korea even for the poorest drying condition.
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Fig. 1. Schematic flow chart of the simula-

tion program

Table 1. Drying conditions used for the val-

idation test.

Initial moisture content | 19.8 percent,w.b.
Initial grain temperature | 18°C

Unit airflow rate 3. 8cmm/cu.m

Total weight of grain 100kg
Initial bulk density 589kg/m°®
Bin diameter 1.6m
Stored grain depth | 0.84m
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Initial Moisture Content:19.8%, w.b.
Airflow Rate:3.86cmm/cu.m

Stored Grain Depth:0.84m

Bin Diamoter : 1. 6m

Drying Period : Oct* 1-16, 1979

6. Location : Suweon, Korea
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Fig 2. Comparison of the actual and predi

cted average moisture content
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Fig. 3. Comparison of the actual and predicted drying surfaces

Table 2. Average temperature in October during the past decade

1978 1979 AVG* SD

Year !
1970 1971 1972 1973 1974

Region f
Cheongiu L35 1.3 12,7 11,8 11.7
Chuncheon | 12.2 10.2 1.9 11.2 11.0
Daegu ! 15.6 13.7 14.6 13.9 14.4
Daejeon L 140 1201 13.5 12.4 12.2
Jeonju L 156 13.0 14.8 13.8 13.7
Jinju ‘ —  —  — 143 148
Suweon | — — - 12.0 11.3

o — B~ O N 0N
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13.4 13.7 13.0 4.45

12.1 13.1 12.1 4.26
15.2 16.4 15.1 3.93
13.7 14.2 13.5 4,07
14.9 15.4 14.8 3.98
15.2 15.9 15.83 4,24
13.3 14.2 13.2 4,32

*AVG=10-year average
SD=standard deviation
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Table 3. Average rclative humidity in Cctober during the past decade.

Unit | %
B Year
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 AVG* SD
Region :
Cheongju “ 81.7 73.9 73.9 78.2 73.4 77.8 76.9 77.% 73.9 73.5 76.0 16.00
Chuncheon i 82.2 79.7 74,9 71.3 73.3 73.4 757 81.5 83.1 752 77.1 14, 48
Daegu | 71.9 62.8 ¢9.7 71.1 ¢6.1 70.3 83.5 £1.5 68.1 65.6 &7, 15.13
Daejeon i 7.3 74.6 71.9 757 78.6 7465 72,4 741 76.8 74,5 75.5 15.21
Jeonju 78,4 71.5 73.8 74.8 73.7 76.9 72.2 73. 73.6 67.7 73.7 15,47
Jinju i — — — 7.0 9.6 666 71.1 73 68.1 71.3 701 18. 04
Suweon “ — — — 75,8 78.4 76.C T4.5 TE2 76,9 T3.6 75.9 15.28
*AVG=10-year average -
SD=standard deviation
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Table 4. The worst year durirg the past decade (1970—1979) ard its averzge temperature ard
relative humidity

Region Worst Temperature( C) Relative humidity (%)

Year “Average  SD* Average SD
Cheongju 1970 13.5 5. 81 81.7 15. 81
Churncheon 1978 121 5.44 83.1 16.73
Daegu 1973 13.9 4,62 71.1 21.02
Daejeon 1970 14.0 5.45 78.3 15,49
Jeonju 1970 15.6 5.61 78.4 14,16
Jinju 1977 15.1 4,94 73.1 23.82
Suweon 1974 11.3 5.35 78.4 16,94

*SD: standard deviation

Table 5. Combinations of the independent variables for the test to determine the minimum
airflow rate,

Variable Number of

Level Level
Initial M. C. 4 20, 22, 24, 26 percent, w.b.
Bin diameter z 2,3m
Airflow rate 45 4% airflow rate in the range of 0. 6—9.0cmm/cu.m
Grain depth 3 1.0, 2.0, 3.0m

B HBjetel sk o] obv = @EEe] Hin
TS ol —ET el BMEE EEE
e}, oldl Waw BELE BEIHA ¥
HEe MEA YA Rdm 2R R
AR g g5 ok
ccess> z84 %% Agdol Al MR Loi £ WK BOFERE
FRE ET Y 8 wdst’:? “%Ek”oi‘*? &2 Table 63} Ach. WHLARS 557 MAT
“}ﬁjjj”_o_v_ ﬁiﬁﬂ =i BERS o RS e B LR HEEKEe )l AIA 2
2T i frrietas wiLdl whek o] 16% (wb)E RES
Qo i WA g HAEEe e
WG E RUEE HAR fal ) gl o frifeza —ET HRMA
o # BRELE T of ®iRE ETEF 9 Aoz HRUS R #
FEFL w2 ﬁZM’zl}%Fﬁ»“% % A M TRIIA el A el e REFe HEHEAK




Aol o8 HREBEEG S BIE( A% W

0.
i
kil ol 'u‘ [ C.
\
- x —
3 =
25l 3 0.
-t :
s s
g =
< | 2
e T 3.
PR &
FA 2
g1 g zoos
° L €
=
= 263 £
g 243 3
& 10 223 = 0.
L 20%
, b
gl & Suctess . b &2 Syccess T
Lr x--—x fFailure ¥-e--ex Failure
n [ ! 1 ! 1t 1 S B T - ! LA S| ! ! ! !
- 1 2 3 4 5 € 7 & 39 0 1 ¢ 3 & 5 & 1 & °
Airflcw Rate (cmm/cu.m) Airflow Pate (crmfcu.m)
Fig 6. Relationship between the required dr- Fig, 7. Relationship between the maximum dry
ying time and airflow rate for various matter loss and airflow rate for various
initial moisture contents (Jinju). initial meisture contents (Jinju).

Table €. Minimum airflow requirement in each region for drying top layer to 15.0 percent,w.b.

Unit: cmm/cu.m

Initial M C. Worst year 10-year average

(%,w.Dh.) 20 22 24 26 20 22 24 26
Cheongju* 1.50 2.25 3.86 6. 43 1.13 1.50 2.57 4,50
Chuncheon* 2.60 2,77 4,91 — 1.20 1,64 2.77 4,85
Daegu 1.00 1.33 2.70 5.C0 0.82 1.29 2.25 3. 60
Daejeon 1.93 2.40 3.46 5.14 1.33 1.64 2.77 4,85
Jeonju 1.50 2,45 4.00 6.75 1.C0 1.64 2.77 4.80
Jinju 0.90 1.5 2.70 4.50 0. 90 1.38 2.57 4.09
Suweon 2.40 2.00 2.40 b, 43 1.38 1.93 3.00 5.C0

*For drying top layer to 16.0 percent, w.h.
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Table 7. Listedmsdels of the eguation to preidet the drying time and dry matter loss.

]\fl\f’gd Model ofEquatisn %Tffr EJI;JLr*
1 DT:,‘{ (Cot-C,M) 5205
2 DT=-1 (@, +C,M+C. M 9237 -
3 DT:--}T(C«,+C1M~;—C;M:+ C.M?) 8925 _
4 D*=EXP(C,+C,A+C,M) L9471
z D=LEXP(C,+C,A+C.M+-C,AM) . 9587
6 D=EXP(C,+C,A+C,M+C, 47 L6323
7 =EXP(C,+ C,A+C,MC,M?) L9472
8 D=EXP(C,+C,A+C,AM+C,MA%) L6422
? D=EXP(C,+C,A+C. M+C,AM--C A% 7658

10 D=EXP(C,+C,A+C M+C,AM+C.M» L5624

11 D=EXP,+C A+C.M+C A+-C MY L9907

12 D=EXP(C,+C,A+C, M—C,AM+C,M A .9832

13 D=EXPC,+C,A+C. AM+C. A*+-C,MA% L9302

14 D=EXP (C,4CiA+C.M-=CAMAC A+ C, M%) L9509
i5 D=FEXP(C,+C,A+C . M+C,AM+C A*1-C, M A% L9710

16 D=EXP(C,-CA+C. M+C AM-CA*+C,M*+C M A%) L5934

*DT =rcquired drying time (days) .
DML=maximum dry matter loss (pzrcent)

D =DT or DML
A =airflow rate (cmm/cu.m)

M =initial moisture content (percent,w.b.)
R =multiple correlation coefficient
C, =partial regression coefficients, n=0,1, ---, 6



AgHolded A%

BB AR TS B

< Aol 2y 63 16X%

e Aole 2x gr2dl vlEe 6 ‘3’” 2

BT Helx vk whebAl 630 PIIAHER

=14 ?Z@Eﬁ?i Eét?%: B H 757? f‘ Z

, ﬂ‘] 4‘!l§fﬁf4 et

ai3a mARA R

DT =EXP (C(,+C1A+C3M+CAAZ)———~ 17)

DML= EXP(C’, ~C’1A+C’2M+C’3A‘”)VVAIS)

=, DT @ [ ERefrisis (H)
DML . BK EHEs

st 29l R

Lm

R

(cmm/m?®)

M wfﬁ}vaf(A,Wb)
Cn, Cn’ .",nr[iﬂ i, n=0,1,2&3
TS 104EMAY Yy RHFEE] /‘1%
?410}‘\1 LR ’hu]ml 177 = 180 M‘Ti
Al RS sk zho] Table 83} Tablz gef ;ﬂ——ﬂ
o vk
o il Fimkel By

DT=K-EXP(C,+C,A+C,A,) —-——16)
DML=K'-EXP (C',+C' A+C",A)—20)
w, K=EXP(C,M)
K'=EXP(C’.M)

28 R 4 gtk o] e
off HISF BTUERCLRRE Y mYE

wte] R FREe feos, 2K o i
& [£HFe

Zkif?wﬂ el A=

stel 4 i

WIS g e

e oy

L=
7

s TR vﬂrF’ FfrEH”*" FiE T
ZET o] Fig. 63} Fig. 7

T ddE

CohE)

{Bg WS Astd 59 AEH

,
e

W, FH,
10FERGS HATTT
pagy

9. e, K,

s =

SFE

1 RER e

(1) ;'\ A 7,(1 ;, Lo

I/L\

R =
EiREst]

[

1\1701 r—‘17\ I

RS e -+
Eetder o

& B e

LR R
| B
@) 2R AL |

T R
gEime oh& ot

KH, NE, &

Table 8. Partial regression coefficiests in Equation 17 for the prediction of dryirg time in

each region.

Region C, C,

C, c, R
Cheongju 1,440 —0. 39202 C. 1067 0. 02454 0. 93%2
Chhuncheon 1. 633 —Q. 3535 0. 1027 0.02130 C. 95883
Dacgu 1,601 —0.3617 C.0885 0.02211 C.586
Daejeon 2.085 —0.3292 C.079% 0.01974 G, 9374
Jeonju 1,847 —~0. 3683 0.0882 0.02253 0. 985¢
Jinju 1.755 —{Q.3C51 . 0782 C. 01701 N.9761
Suweon 2,224 —0.33123 Q.0755 0.019%¢ 0.5%8453

Table 9. Partial regression ccefficients in Equation 18 fer the prediction of maximum

drymatter less in each region

Region C, c/

. c.’ R

Cheongiju —5.352 —0.3798 0.2277 0.02277 C. 7765
Chuncheon —5.191 —0.3516 C. 2207 0. 02044 0.69%5
Daegu —5.341 —0.3952 C. 2231 0. 02349 0.9262
Daejeon — 4,901 —(. 3312 C. 2048 0.01874 C. 9248
Jeonju —5.003 —0.3773 0.2151 0.02255 0. 9759
Jinju —5,.234 —0,3225 0.2148 0.01728 0.9943
Suweon — 4,780 —0. 3261 0.2019 0.018%9 0. 9962
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