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Thin-Layer Drying and Mathematical Model of Some Agriculture residue
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Abstract

This research work is to present the drying kinetic modeling of
same agriculture residues which are used for new suitable drying
technique of grain. The equilibrium moisture content (EMC) of

these residues is determined by standard static method under the

condition of 30-50°C and the relative humidity of 12-85%. Rice

husk, sago palm rachis and coconut husk are used as
absorbents in the experiments. For determining EMC, the results
show that the EMC increases with increase of the relative
humidity under the environmental condition of 30-50°C. In
addition, Modified Henderson’s model is the best fitting model for
the experiments. To investigate drying kinetic of the adsorbents,
the adsorbent are rewetted as 15, 20 and 27 % dry-basis. The
results indicate that drying rate is dependent on drying
temperature of 30-70 OC, 1.58 m/s drying air velocity. Then the
evolution of moisture profile is empirical fitted in various form.
The conclusion is that simulation data of the Modified Henderson
and Pabis model is reasonable to experimental data. The
diffusion coefficient describe with drying time and increase with
increase of the drying temperature

Keywords: Drying / Agriculture residue / Equilibrium moisture

content / Diffusion coefficient / Moisture ratio.
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Table 1 Equilibrium moisture content models considered [6, 7]

Model
Model name Model
no.
1. Henderson (1952) 1-RH=exp[—A(T+273)Mqu]

2. Chung&Pfost (1967) | InRH=(-A/R(T+273))exp(-B)

3. Halsey (1948) RH=exp[(-A/R(T+273)Mg, |

RH/(1-RH)Mq=1/AB
+(B-1)RH/AB

4. Modified BET (1938)
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Table 2 Thin layer drying curve models considered [1, 2, 8,]

Model
Model name Model
no.
1. Page MR=exp(-kt")
2. Logarithmic MR=aexp(-kt)+c
3. Two term MR=aexp(-kot)+ bexp(-kit)
4 Modified Henderson MR=aexp(-kt)+ bexp(-gt)
’ and Pabis + cexp(-ht)
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Table 3 Values of EMC coefficients of different models of coconut

husk for 30-50°C

Model Model constants
R SE RMSE

no. A B
1 1.608x1 0'6 2.374 0.773 2.504 2.343
2 3.899x104 0.393 0.731 2.742 2.565
3 1.010x106 -3.103 | 0.842 2.725 2.549
4 0.613 1.557 0.902 9.726 9.098

Table 4 Values of EMC coefficients of different models of rice

husk for 30-50°C

Model Model constants
R S.E RMSE

no. A B
1 2.750x10_4 1.130 0.988 0.894 0.862
2 7.426x103 0.199 0.996 2.715 2.616
3 8.673x103 -1.017 | 0.995 2.846 2.743
4 0.998 1.638 0.815 6.568 6.329

Table 5 Values of EMC coefficients of different models of sago

palm rachis for 30-50°C

Model Model constants
R SE RMSE
no. A B
1 1.289x1 0'5 2.257 0.999 0.435 0.397
2 1.858x1 04 0.240 0.996 0.481 0.439
3 5.071x105 -2.528 0.999 0.544 0.497
4 0.725 1.415 0.944 | 10.010 9.138
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Fig. 1 Relationship between moisture ratio and drying time of rice

husk at initial MC 15 %dry-basis. for 30, 50 and 70°C.
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Fig. 2 Relationship between moisture ratio and drying time of
sago palm rachis at initial MC 15 %dry-basis. for 30, 50 and
70°C.
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Fig. 3 Relationship between moisture ratio and drying time of

coconut husk at initial MC 27 %dry-basis. for 30, 50 and 70°C
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Table 6 Values of the drying constants and coefficients of
different models

initial MC 20 %dry-basis, 50°C

through regression method of rice husk. for

Model
Model constants R S.E. RMSE

no.

1 K=0.2787, n=0.6687 0.977 0.056 0.054
K=0.2440, a=0.8427,

2 0.998 0.015 0.015
c=0.1686
K,=0.1354, k,=0.1359,

3 0.954 0.075 0.073
a=0.4623, b=0.4623
k=0.2258, a=0.4400,

4 b=0.4393, c=0.1267 0.999 | 0.0134 0.013
g=0.2258, h=-0.0130
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Fig. 4 Relationship between diffusion coefficient and temperature

of rice husk
Table 7 Values of the drying constants and coefficients of
different models through regression method of sago palm rachis. 30
for initial MC 15 %dry-basis, 30°C = o5 | & Experiment
Model :8 @ 20 - —— Simulation
Model constants R SEE RMSE \"6 NE
no. 8 - 15 -
c S -
1 K=0.0742, n=0.7159 0.987 0.030 0.029 .UQ) % 10
> N~
K=0.0219, a=0.9640, = i
2 0.981 0.193 0.189 &)
¢=-0.0689 T T T T
K,=0.0248, k;=0.0248, 0 20 40 60 80 100
3 0.981 0.193 0.189 o
a=0.4504, b=0.4504 Temperature, C
k=0.0226, a=0.1369, Fig. 5 Relationship between diffusion coefficient and temperature
4 b=0.1776, c=0.1327 0.990 0.029 0.015 of coconut husk
g=0.0226, h=0.7173

Table 8 Values of the drying constants and coefficients of
different models through regression method of coconut husk. for

initial MC 27 %dry-basis, 30°C

Model
Model constants R S.E. RMSE

no.

1 K=0.0659, n=0.6735 0.9975 | 0.012 0.012
K=0.0545, a=0.5800,

2 0.9984 | 0.814 0.790
c=-0.3955
K,=0.0072, k,=0.0794,

3 0.9988 | 0.007 0.007
a=0.5944, b=0.3880
k=0.0526, a=0.5372,

4 b=0.4217, c=0.0412 0.9995 | 0.005 0.005
g=0.0017, h=1.7761

30
= & Experiment
c _
:8 & 25 —— Simulation
% NE 20 N
8 .- 15 -
5 ©
g 2 101
= . s
@)

T T T T

0 20 40 60 80 100
Temperature, °C

Fig. 4 Relationship between diffusion coefficient and temperature
of sago palm rachis
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RH relative humidity, % or decimal

Meq, EMC equilibrium moisture content, %dry-basis

M, MC moisture content, %dry-basis
MR moisture ratio

diffusion coefficient, m’ls

universal gas constant, 8.314 J/mol k

moisture content at time, %dry-basis

~

initial moisture content, %dry-basis
length, m
half thickness, m

the temperature, OC

~ NI~ T ZTIO

time, min or sec
Av Bv kl kov klv av bv Cl g: h) nv p
S.E. standard deviation

constant

RMSE root mean square error
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