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SUMMARY

Control system is used in drying equipment in the process of drying grain aiming at reducing the
moisture of agro-products down to a desired level. Conventional methods applied in drying control
process have shown limited results as seen in uneven dried products quality, high rate of energy
consumption. Modern control method, in which fuzzy control system is applied, proves its
advantages by eliminating the above limitations. However, in order to obtain drying control results
as desired, thorough studies on drying process for an accurate prediction of control model are
required. Results obtained from the study of dynamic model over drying process using fuzzy
control system for grain moisture reduction have brought prospects to drying technology to
increase dried products quality and its economic effectiveness in the area of storage and processing

of agro-products.
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Symbols:

W, - Initial grain Moisture Content, %

W - Grain Equilibrium Moisture Content, %
W - Final Moisture Content, %

MR - Moisture Content, %

Q. - Airflow through grain mass, m*h

RH - Air Relative Humidity, %
INTRODUCTION

In the process of food grain drying, many
factors are involved in drying agent
temperature, temperature for grain mass
heating, rate of drying agent, grain moisture
content as well as time for grain kept in
drying bin affect greatly quality of dried
products. If the temperature of drying agent
exceeds the allowable drying one, grain
cracking and embryo deterioration situation
may easily occur. The proper drying agent
temperature also depends on initial moisture
of grain to be dried. The temperature for
heating grain mass inside drying bin shall be
inversely proportional to the initial grain
moisture. Therefore, selection of drying
system and time will depend on initial
moisture status of each grain type.

The process of food grain drying is quite
complicated and not so stable since, the
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t - Drying Time, min

v - Drying Air Velocity, m/s

Ts - Drying Air Temperature, °C

T. - Ambient air Temperature, °C

T: - Final Air Temperature, °C.

C, - Grain Specific Thermal Capacity, J/kg °C
processes of heat-moisture that are transfer
inside and between the grain, and the ambient
condition simultaneously occur. The heat-
moisture  transfer process is generally
described by a system of complicated
differential equations. Therefore, identifying
the rule of variation as occurring in the above
processes by the method of separating the
components of the above equations system -
which requires  solving non-linear
differential  equations with  some
constraints- is a difficult task.

In order to solve the problem, the control

system for food grain drying is to meet
following requirements:

- Ensure maintaining quality of the products
to be dried without considering unexpected
disordered ambient and mechanical effects
during operation of drying machine or,
changes in the process of supplying material
to be dried.

183



D6 Thi Tam va Prg

Tap chi KHOA HQC & CONG NGHE

139(09): 183 - 187

- Increase drying machine capacity, maximize
specific energy consumption during drying
process and minimize drying costs.

- Drying operation process is kept stable and
preventing effects from the unexpected
disordered ambient factors.

- In considering (i) drying control process
with its related variables like temperature,
moisture content, airflow, pressure, etc, and
also, (ii) the drying-type method like batch-
type or continuous flow drying, the drying
control systems could be classified into two
types: batch-type drying control system and
continuous flow type drying one [5,7].

By conventional control methods, the control
sets include: manual control/handle, PID
control, etc. These methodologies generally
give uneven quality of dried grain products
and high energy consumption.

By modern control method, the control sets
include: adaptive control, fuzzy control, etc.,
[2,7]. Application of this methodology could
help to eliminate the weak-points derived
from the use of conventional methods.
However, in order to find an adequate control
system model as mentioned-above, further
thorough studies over dynamic modeling of
drying process are required.

RESEARCH METHODLOGY
Dynamic Model on Drying Process

Let us consider the relationship among the
inputs, outputs and the disordered ambient
factors in the drying process as presented in
Fig. 1:

Ts(t)
W()

Vair Material tobe —
——

dried

Fig.1: Factors affecting drying process
- Input variables of the dryer include:
Temperature of drying agent Ts; velocity of
the airflow of the drying agent Vg ; velocity
of drying material supply T, etc..
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- Most typical output variables of a drying
machine include: Moisture content of the
products after drying W(t); temperature of the
products after drying T, exhausted air
temperature, exhausted air moisture content;
quality of dried products (color, smell,
activate character, etc.).

- In addition, other most popular disordered
factors involved in a drying machine are:
Ambient temperature T,; , ambient air
humidity RH, moisture content of input
material W, , grain temperature, etc.

In the drying process as mentioned above,
there appears certain variables being difficult
to define as: interior temperature of the grain,
grain moisture content in drying process...

Kinetic model for drying process has been
developed based upon theoretical equations
by Li and Morey as following [1,5,6,and 7]:

W =W, +(W, — ch)e{fK'tN} @)

Where: K,N — empirical coefficients to be
defined following drying agent temperature
and initial grain moisture content for each
type of drying equipment.

Model on drying process regulation

Food production is generally facing difficulty
in grain drying, especially when a harvesting
season is experienced in rainy season.
Although lots of studies in drying techniques
have been done [5,6], much more efforts need
to be carried out so as an optimal model in
drying, appropriate to the grain to be dried,
could be developed. One among considerable
drying techniques is of tower drying type.

Almost present studies on control system of
drying machines are still modest that have not
met the demand of proper drying technology.
Regulation of drying process is still done
manually so that the quality of dried grain
shall be affected. In order to increase the
quality of the dried grain, a control system for
use in regulating drying process of the tower
drying machine so as drying agents like
temperature, humidity, etc, shall be designed.
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Fig.2. Flow diagram showing regulation system in
drying process of a tower drier

Fig.2 represents a structural flow diagram [8]

showing regulating system in drying process

of a tower dryer through which, the tower

drying machine dynamics could be defined.

where: Ag - relative humidity of the air; AB-
pressure in the drying chamber;

Aw- changing levels of grain moisture;
Ad- moisture drying agent.

At — changing temperature of the
grain; z - grain type
Transmission function 1 characterizes inertia
of heat exchange process in the dryer which is
defined from the heat equilibrium equation of
drying machine [8].

Q=Q:1+Q2+Q3 2

where: Q.- heat flow total; Q;—heat used for
moisture evaporation;

Q. - heat used for air heating ; Qs —
heat being lost into the ambient media.

Transmission function 2 characterizes effect
of ambient air moisture of the media on the
temperature of the heat loading agent.

Transmission function 3 characterizes drying
time interval.

Transmission function 4 characterizes
intensity of separating moisture from grain
corn by average moisture.

Transmission function 5 characterizes heat
consumed depending on the intensity
variation of moisture separation of corn.

Transmission function 6 characterizes heat
consumed as caused by moisture function of the
material.

Transmission function 7 characterizes the
variation of air moisture function in
accordance with the intensity variation in
moisture separation.

Transmission function 8 characterizes air
relative humidity in accordance with its
temperature and moisture.

In order to determine relationships among the
above operations, following studies shall be
carried out:

- Study on heat transmission of corn grain.

- Study on heat transmission of the tower
drying equipment.

The results as obtained will be analyzed
through practical evaluation.

Results from experimental tests

Table 1. Experimental data list

Drying Progress in moisture variation of corn grain

time Up=27,1%; t=70°C Up=19,2%; t=90°C Uy=28%; t=100°C

(hr) (First trial) (Second trial) (Third trial)
0 27.1 19.2 28
1 25.6 142 21

15 24.6 13.15 18.2

2.5 23.1 10.2 13.6

35 22 9.8 (2,67) 10.4

45 18.9 8.8 (4)

5.5 17.5

6.5 16.3

7.5 15.2

8.5 14.9

9.5 14.6
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(The above experiments were carried out at the Vietnam Institute of Agricultural Engineering and

Post-Harvest Technology).

From calculation for determining coefficient of moisture conduction and heat calculation of the
tower drier based upon moisture and heat equilibrium equations, the following chart illustrating
regulations in the tower dryer could be introduced as follows:

Transmission function 1 — showing heat flow total in the process of drying [1]:

[1,004t, +d (2500 + 1,842t ) 1,004t

~ dg (2500 + 1842t )

Qy =

d; —dg
Transmission ~ function 2 —expresses
temperature of drying agent t;(°C) in

accordance with the moisture amount of the
ambient air do (g /kg kK)

t, = -0.01d," + 0.4725d,°> - 8.0301d,” +
63.893d, - 142.96

Transmission function 3 — expresses drying
time in accordance with moisture content and
coefficient of moisture conduction

MR = (W-We)/(Wi-We) = exp(-K.tN)
with their experimental coefficients as:
K= - 0,096914101 - 1,979960571.10".T +

0,037766202.T.W ®)
N = 1,426585003 - 2,279949923. W/ +
6,606504798.10°.T* (4)

and the coefficient of moisture reduction as

an=0.011 + 0.378u + 5.67u® + 0.015ut +
0.232u° - (1.512 + 0.062t)u? (5)
Transmission function 4 — expresses the
intensity in moisture separation W (kg /h)
following the grain moisture content u (%)
W = -6E-11u” + 122u — 2196 (6)
Transmission function 5 — expresses the
calorific energy Q ( MJ/h) in accordance with
the intensity in moisture separation W (kg /h)
Q = -1E-06w* + 0,0027w* — 1,9926wW° +
648,87w — 78350 )
Transmission function 6 — expresses the
calorific energy Q ( MJ/h) in accordance with
grain moisture content u (%)

Q = 0,4167u* — 36,667u’ + 1209,6u° - 17436u
+ 92463 (8)
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Transmission function 7— expresses the
intensity in moisture separation W (kg /h)
inaccordance with ambient air moisture
amount do (g /kg kk): W= 488

Transmission function 8 — expresses relative
humidity according to the temperature and
moisture amount contained in drying air [1]:

0,98d

4026,42J

(127 235,5t
(0,621+d)e

CONCLUSION

- The article gave the kinetic model and
parameter transmission function of the tower
dryer, object is dried corn kernels, these results
are useful for the process design calculations
tower dryer as well as calculate the all drivers
grain corn drying in the tower dryer.

- Transmission functions have been
established which are considered aspremises
for the application of control process in
drying agro-products.

- A dynamic model on the process of drying
grain corn for a tower drier (equations 3; 4
and 5) has been established.
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NGHIEN CUU UNG DUNG BQ PIEU KHIEN

TRONG THIET BI SAY HAT NONG SAN

P56 Thi Tam"", Tran Hong Thao?, Pham Vin Lang2
YTvuong Pai hoc K7 thudt Cong nghiép — DH Thdi Nguyén,
2Vién Co khi néng nghiép va cong nghé sau thu hoach Viét Nam

Céc loai thiét bi say duoc su dung bo diéu khién dé thyc hién qua trinh lam kh6 nong san dén mot
d6 4m nhit dinh theo yéu cau. Cac phuong phap diéu khién qud trinh sdy truyén théng con thé hién
nhiéu han ché nhu chat lugng san pham khong déu, tiéu ton nhidu nang lugng; cic phuong phap
diéu khién hién dai, ma trong do6 co diéu khién mo to ra ¢6 nhiéu loi thé khi khic phuc duoc nhirng
nhuoc diém trén. Tuy nhién, dé dat duoc két qua diéu khién tot cin c6 cac nghién ciru ki vé qué
trinh sdy dé qua trinh nhan dang m6 hinh diéu khién duoc chinh xac. Két qua nghién ctru mod hinh
dong hoc qua trinh say, sir dung bo diéu khién mo lam giam 4m hat nong san mo ra nhiéu trién
vong cho cong nghé say dé nang cao chit lugng san pham va hiéu qua kinh té trong linh vyc bao

quéan ché bién nong san.

Tir khéa: Ung dung bg diéu khién, sdy hat hrong thuc
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