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Modeling and Optimization of Rice Drying
and Storage System in Korea(l)

—Layout and Design of Model System —
Kyung-Kyoo, Park

Summary

In order to improve the traditional post harvest system in Korea, a model for mechanized

grain drying and storage facilities was developed. ‘Also, a computer program for the model system

was developed.

For the study, flat type steel bin and circulation type dryer were selected for the model and
‘Fortran language was used for the computer program. This program was tested by using various

practical data.

The following results were obtained from the study:
1. The general model developed can be used for designing a rough rice drying and storage facility
within the range from 100 ton to 1000 ton capacity.

2. Major output of the computer program for designing a model system were as follow;

a. The dimension of the plant.

b. The storage bin size, dryer number and dryer size.
¢. The dimension of individual equipment and its required HP.
d

Capaital requirement and operating cost of the model system.
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Figure 1. Process flow of traditional rice harvest,

drying and storage system.
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Figure 2. Process flow of mechanized grain drying

and storage system.
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Table 1. Source of system 'catalog and price ‘quoation.

Item Range of capacity Manufacturers
and power requirement
Receiving hopper 2-12 ton/hr Hyupdong Engg
Eunsung Ind. Co.
Receiving cleaner 2-12 ton/hr Yanmar Agr. Equip. Co.
0.56-3.75 Kw Satake Co.
Bucket Elevator 2-12 ton/hr Eunsung Ind. Co.
0.19-3.75 Kw Hyupdong Engg.
Screw conveyor 2-12 ton/hr Eunsung Ind. Co.
0.19-1.5 Kw Hyupdong Ind. Co.
Drag conveyor 2-12 ton/hr Eunsung Ind. Co.
0.19-1.5 Kw Hyupdong Engg.
Drier (circulation type) 2-12 ton/hr Eunsung Ind. Co.
0.19-1.5 Kw Hyupdong Engg.
Storage Bin(Flat 27.5-449 M* Butler Co.
type steel bin) 2.7-6.3 M. dia.
4,.8-14.4 M. height
Fan for areation 0.19-7.5 Kw Butler Co,
Sweep Auger 2-12 ton/hr Butler Co.
0.56-3.75 Kw
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Fig. 3. Process flow diagram of grain drying and storage system of the model
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Fig. 4. Basic concept of system layout
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Fig. 6. Schematic flow of grain unloading system of the model
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weighing system of the model.
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Table 2., Program summary sheet.

Title Computer Program for
Grain Drying and Storage
System Design

Fortran IV

Kyung-kyoo Park

in collaboration with

Program Language
Author

Hong-sun Yoon

Cyber

Object Code =37000Bytes
Array area =9100Bytes
No. of Cards =1200

0.84 seconds to compile

Computer System

Program Size

Estimate Run Time

0.36 seconds to execute

READ: INPUT DATA

READ: SPECIFICATIONS FOR INUIVIDUAL
EQULPMENT DATA
i

READ: INPUY DATA

COMPUTE QY:Total quantity of
rice received in a season
d

[
COMPUTE QDT:Maximum quantity
rice to be dried in a day

DO Loop: I=1,5

, vT S
TND = W&;(I—mﬁ((msu) + A(”)‘PHlB + (DTRS{I)

8
A1) JEPM24)

+ :%T))‘PHZI + (DTRS(L) +

TND
NDD = -5

ND(I) = 2#(NDD + 1)
K=K+ 1

ICUHPUTE: TOTAL QUANTITY OF GRAIN RECEIVED
IN A SEASON

DRYER CAPACITY, SIZE AND NUMBER |

SUBROUTINE:
PARK

—

[ comPuTE:

[compure:

COMPUTE:

CAPACITY AND SIZE OF RECEIVING
CLEANER

b
STORAGE BIN SIZE |

[

DIMENSTON OF THE BUILDING ]
COMPUTE: LENGTH, SIZE, CAPACITY AND MOTOR
N HP OF THE SCREW AND DRAG CONVEYOR
|

L=

[compuTe:

COMPUTE: HEIGHT, BELT WIDTH, CAPACITY AND
MOTOR HP OF BUCKET ELEVATOR
0 1

COMPUTE: ELECTRIC ENERGY AND FUEL ENERGY
CONSUMPTION

Fig. 9. Computer flow of model system design
3-1. Input data

9709] input data 7} 29| AA =27 B
83k AL thga} 2o,

CA :di4AY i, ha

ALPA : 8%tk 9 RS o4 oz
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COMPUTE:Number, size, capacity and
motor power requirement of the drier

PRINT: Output

Fig. 10. Computer flow chart for dryer System
design of the model
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3-2. Subprogram
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1) A% bin®) W, A7, %ol

2) Model o] £851% 7171 9 A4E2) 8,5
BN, B

3) A%, waA delslolsEe ol

able 2. Computer output of the example problem

tem No. Number Specification

4) 7o}l input x}2el 2% F £a Fx}ulg
BAORE, SHRAE, (FEHERA, o714 output F
(4) = Part Toll 4 3l 9834 Aslel] s
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#4171 ZHoleh
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Hg o
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Belt width; 145 mm, Motor Power; 0.56 Kw

Motor power; 0.75 Kw

Height; 3.0 m

Motor Power; 0.38 Kw

Motor power; 0.56 Kw

Capacity; 2.5 ton/batch, Diameter; 1.5 m, Wall height; 3.0 m

Motor power; 0.56 Kw

#%Crain is conveyed from bucket elevator(No. 7) to drag conveyor(No. 8)

Capacity; 2.5 ton/batch, Length; 2930 mm, Width; 1535 mm, Height; 3460 mm w/

Fuel consumption; 3925.04 litter/year

Motor power; 1.88 Kw Electrical energy consumption; 2522.76 Kwh/year

Screw diameter; 200 mm, Motor power; 0.56 ]

Screw diameter; 200 mm, Motor power; 0.56 Kw

1 1 Receiving dump pit

Capacity; 1.638 cu. m, Size; 1.7 x 1.7 sq. m
2 1 Bucket elevator

Capacity; 4 ton/hr, Height; 10.2 m,

##Belt speed; 0.9 - 1.6 m/sec is recommended**
3 1 Receiving cleaner

Capacity; & ton/hr, Height; 1.6 m,
4 1 Receiving scale hopper

Capacity; 100 kg/batch; 15 ton/hr,
5 1 Screw feeder

Length; 2.5 m, Screw diameter; 150 mm,
6 1 Bucket elevator

Height; 10.45 m  Belt width; 145 mm,

#%2_way valve is mounted at the discharge spout™*
7 1 Receiving grain holding bin
8 2 Drag conveyor

Length; 4.07 m, Flight diameter; 150 mm

through gravity discharge spout and two way valve**

9 6 Dryer

Drying time; 1341.89 hours,
10 2 Screw conveyor

Capacity; 4 ton/hr, Length; 6.105 m,
11 1 Screw conveyor

Capacity; 4 ton/hr, Length; 8.3 m,
12 1 Bucket elevator-

Height; 21.7 m, Belt/width: 145 mm, Motor power; 1.1 Kw
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Table 3. Computer output of the example problem.

Screw conveyor
Length; 5.1 m,

Screw conveyor
*#* Not necessary *¥*

14 0

15 6 Storage bin
Type; Flat type bottom steel bin,

Capacity; 152.604 cu. m,

Fan for aeration
Type; Axial fan,

16 6
Fan H.P.; 1.13 Kw

Screw diameter; 200 mm

Diameter; 4.5 m,

Motor power; 0.56 Kw

Wall height; 9.6 m

*# Fan H.P, is calculated beased on 0.2 CFM/BU. **
##* Static efficiency of 47 ¥ is assumed **

17 6 Sweep Auger

Length; 2.2 m,

Unloading auger
Length; 3.6 m,

Unloading collecting conveyor
Length; 7.4 m, Screw diameter;

Same as item #19.

18 6
Screw diameter;

19 1

20 1
Screw conveyor
Length; 8.0 m,

Portable screw conveyor
Length; 3.0 m, Screw diameter;

Screw diameter;
22 1

#* Total electricity comsumption for handling the grain;
##* Total electricity consumption for fan operation;
##% Total fuel energy consumption for dryer operation;
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Screw diameter; 150 mm ,
200 mm

200 mm

M0 mm

200 mm

8. ¥ FEZAATY, 1983, FyAF

Motor Power; 3.75 Kw

, Motor power; 0.38 Kw

Motor power; 0.56 Kw

Motor power; 0.75 Kw

Motor power; 0.75 Kw

4912 Kwh/year
1080 Kwh/year
3925.04 litter/year
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