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1. Approximation of diffusion
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Fig 1 A schematic diagram of the infrared-vacuum
dryer: (1) vacuum pump; (2) insulator; (3) sample
tray; (4) infrared lamp; (5) pressure gauge; (6)
drying chamber; (7) vacuum break-up valve.
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1. Vacuum oven, Memmert Universal, Schwabach, Germany
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4. Sum of Squares for Error
5. Sum of Squares for Regression
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1. Coefficient of Determination
2. Standard Error
3. Sum of Squares for Total
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Table 1 Applied experimental models to study the infrared-vacuum drying process of tomato.

Equation Model
MR=1+at+bt2 Wang and Singh
MR= a+bt+ct? Quadratic

MR=aexptki)

MR = aexp(—kt)+ (1 —a)exp(—kbt)

MR=exp(—kt")
MR=exp(—c(t/1*)")
MR = exp(—kt)
MR =aexp(—kt")+ bt
MR = aexp(—kt)+c

Henderson and Pabis
Approximation of diffusion
Page
I[I-Modified Page
Newton
Midilli

Logarithmic

MR: Moisture Ratio, t: time (min) and n, k, b, 1, g, ¢ and a are coefficients of models.

gl s S B S0k ol okel 53 omled 4 Y Jads
jwy Oy la, o566 Lfl"dl <ol g o0 odalie Jod>
Jj' SL;L?)}} )ﬁ ‘)\)L;'J.A /O JLAZ?‘ C}ad): ;5}\7.- )Li..é

a5 s e LOT fulize

Cow "9@\5—“

s oY 0l S bl a5l el mls
5 53T K e S ous S sl 0l Les

Table 2 Results of analysis of variance of the effects of lamp power and pressure on tomato drying

time.
Source Degrees of freedom ~ Sum of squares p
Power 2 11200.0 0.000
Pressure 2 8533.3 0.000
Powerx Pressure 4 1066.7 0.090
Error 9 850.0
Total 17 21650.0
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Fig 4 Effect of infrared power on the Ln (MR)
during drying of tomato slices at 16 kPa system

pressure.
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Fig S Effect of system pressure on the Ln (MR)
during drying of tomato slices at 350 W power.
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Fig 2 Variations of moisture content with drying
time of tomato slices at different infrared powers
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Fig 3Variations of moisture content with drying
time of tomato slices at different system pressures
(350 W)
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Table 3 Values of effective moisture diffusivity of tomato slices obtained from drying experiments.
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Power (W)  Pressure (kPa)  Effective diffusivity (m’/s) R’
6 1.29x107¢ 0.932
300 16 9.17x10710% 0.928
23 5.00x1070¢ 0.935
6 1.71x107° 0.970
350 16 1.25x10%¢ 0.952
23 1.04x10™¢ 0.942
6 2.38x10* 0.968
400 16 1.67x107° 0.956
23 1.21x107¢ 0.946
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Table 4 Curve-fitting coefficients of the Quadratic model.

Power (W) Pressure (kPa) a b c R’ SE
6 0.981 -0.013 3.663x107 0.999 0.013
300 16 1.001 -0.008 2.939x10° 0.997 0.027
26 0.997 -0.006 2.934x10° 0.996 0.028
6 0.968 -0.020 1.074x10™ 0.997 0.026
350 16 1.012 -0.013 3.611x107 0.998 0.021
26 0.993 -0.011 2.133x107 0.999 0.012
6 0.935 -0.025 1.799x10™ 0.992 0.049
400 16 0.997 -0.019 8.762x107 0.998 0.018
26 1.012 -0.013 4.352x107 0.998 0.021
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In this study, drying kinetic of tomato slice in a combined infrared-vacuum dryer was investigated.
The effects of infrared lamp power at three levels (300, 350 and 400 W) and pressure of vacuum oven
at three levels (6, 16 and 26 kPa) on drying time and moisture diffusion coefficients during drying
process of tomato were evaluated. The results showed that the effects of infrared lamp power and
pressure on the drying process of tomato were significant (p<0.05). With increase in infrared lamp
power from 300 to 400 W, drying time of tomato 42.86 percent reduced. In addition, decreasing in
vacuum oven pressure from 26 to 6 kPa reduced 40.00 percent of drying time. The effects of infrared
heat power and vacuum oven pressure on effective diffusivity coefficient of tomato were investigated
and the results showed that the effective diffusivity coefficient was increased with increasing heat
source power and decreasing of pressure. Moisture effective diffusivity coefficient of tomato was
between 5.00x10™° - 2.38x10® m/s. In fitting of tomato drying process data, the quadratic model,
compared to other models, with the highest R* and the lowest error, had closer results to the
experimental data. According to the results obtained in this study, the use of this dryer is
recommended for the drying of tomato slice.
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