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1. Digital balance, LutronGM-300p (Taiwan)
2. Moisture ratio (MR)
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Table 1 Results of analysis of variance for drying time parameters of garlic slices during drying by

infrared
Sources of changes Degrees of freedom  Sum of squares  Mean square P
Distance 2 11.56 5.78 0.915
Thickness 2 3584.89 1792.44 0.000
Distance x Thickness 4 66.22 16.56 0.902
Error 18 1159.33 64.41
Total 26 4822.00
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Fig 1 Average of garlic slices drying time at
different drying conditions by infrared system
Means with different superscripts differ
significantly (P<0.05).
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Fig 3 Variations of the natural logarithm of
moisture ratio (Ln (MR)) values versus drying time
of garlic slices at different samples thickness (10
cm distance).
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Fig 2 Variations of the natural logarithm of
moisture ratio (Ln (MR)) values versus drying time
of garlic slices at different samples distance (9 mm

thickness).
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Table 2 Effective moisture diffusivity values (D.s) of garlic slices at different infrared drying
conditions

Distance (cm) Thickness (mm) Effective diffusivity (mzs'l) r

5 3 1.25%x107 0.995
5 6 3.38x107 0.983
5 9 6.27x10° 0.985
75 3 8.41x107'° 0.994
75 6 2.49x10° 0.998
75 9 4.99x10° 0.995
10 3 7.42x1071° 0.998
10 6 2.30x107 0.993
10 9 5.08x107 0.994
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Table 3 The statistical parameters obtained in order to verify the fit of each mathematical model to
the observed data during the garlic slices drying (distance=10cm and thickness=9 mm)

Model

Model

Model name Model equation SSE r RMSE
number constants
1 Wg‘ilnggi‘lnd MR=1+at+ bt f)zg%oel_g 0.0128 0.997 0.0143
2 Hend;;;‘i’: and MR=aexp(ki) E;(l):ggg 0.0435 0.990 0.0262
Approximation a=1.192
3 pproximt MR = aexp(—kt)+ (1—a)exp(—kbt)  k=0.024  0.1083 0.976 0.0418
of diffusion _
b=0.942
n k=0.008
4 Page MR =exp(—kt") 1—1205 00011 0999 0.0042
5 Newton MR = exp(—kt) k=0.0244  0.1085 0.975 0.0411
a=1.012
6 Midilli MR = aexp(~kt")+bt k200105 6004 0.999 0.0027
n=1.222
b=-0.0006
a=1.41
7 Logarithmic MR = aexp(—kt)+c k=0.016  0.0046 0.999 0.0086
c=-0.368
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Table 4 The constants and coefficients of the accepted model (Midilli)

Distance Thickness a Kk b SSE r RMSE
(cm) (mm)
5 3 0.994  0.0405 1.298 -0.0021 0.0003 0.999 0.0048
5 6 1.006  0.0125 1.275 -0.0008 0.0003 0.999 0.0027
5 9 1.007  0.0107 1.271 -0.0009 0.0003 0.999 0.0024
7.5 3 0.997  0.0353 1.216 0.0098 0.0002 0.999 0.0026
7.5 6 1.001  0.0181 1.217 0.0025 6.1e-5 0.999 0.0014
7.5 9 1.01 0.0096 1.254 0.0012 0.0004 0.999 0.0028
10 3 1.003 -0.049 0.8606 -0.0753 0.0002 0.999 0.0033
10 6 1.001 -0.051 0.7765 -0.0561 0.0001 0.999 0.0019
10 9 1.012  0.0105 1.222 -0.0006 0.0004 0.999 0.0027
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ABSTRACT

ARTICLE INFO

To improving energy efficiency and increasing quality of dried product, a
infrared dryer was constructed that can be used to dry fruits and vegetables. In
this study, drying kinetics modeling of garlic in an infrared dryer was
investigated. The effect of samples distance from the radiation lamp in three
levels of 5, 7.5 and 10 cm and the effect of garlic slices thickness in the in
three levels of 3, 6 and 9 mm on the mass transfer rate and effective moisture
diffusivity coefficient during the dry process of garlic was investigated. To
determine the appropriate kinetics model in the drying process, the drying
curves can be analyzed under the defined conditions. Therefore, in this
research, to investigate on the drying kinetics of garlic slices, the standard
models were fitted to the experimental data. By increasing the distance of the
samples from the heat source from 5 to 10 cm, the average drying time of
garlic increased from 35.8 minutes to 37.3 minutes. By increasing the
thickness of the samples from 3 to 9 mm, the average drying time of garlic
increased from 22.7 minutes and 50.9 minutes. The effect of sample distance
from infrared heat lamp and sample thickness on changes in effective
moisture diffusivity coefficient of garlic was investigated and results showed
that this coefficient values were increased with decreasing in distance and
increasing samples thickness. By reducing sample distance from the lamp
from 10 to 5 cm, it was observed that the effective moisture diffusivity
coefficient increased from 2.71x10° m’s™ to 3.63x10° m’s”. The average
effective moisture diffusivity coefficient of garlic slices for thicknesses of 3,
6, and 9 mm were 0.94x10° m’s”, 2.72x10° m’s”, and 5.54x10° m’s’,
respectively. In drying process modeling of garlic, the Midilli model with the
highest coefficient of determination and the lowest error, had closer results to
the experimental data than the other models.
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