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Background and objectives: Among the various hot air drying methods,
fluidized bed drying has significant advantages such as high heat and mass
transfer, uniform moisture reduction of products with a short time and high
drying rate and uniform process at the entire surface of the product due to
efficient mixing with the drying air and high efficiency of the process. In
recent years, the application of infrared drying to dry food products has
increased over conventional drying methods due to its higher product quality,
more uniform heat distribution, higher energy efficiency and heat transfer
rate and less processing time. Moreover, infrared heating offers better control
over temperature and other process parameters, along with reduced air
demand to flow through the product. In this study, the drying kinetics of
carrot cubes by an infrared-fluidized bed dryer was investigated.

Materials and methods: Fresh carrots were washed with tap water, peeled
manually, and diced. Then, carrot cubes (0.5 and 1 cm?) were dried by a
combined infrared-fluidized bed dryer, using air temperatures of 50, 60 and
70 °C and three levels of infrared power (200, 400 and 600 W). Finally, five
mathematical models (Page, Modified Page, Henderson & Pabis, Midilli
and Logarithmic) were evaluated to describe the infrared-fluidized bed
drying behavior of carrot cubes.

Results: The results demonstrated that the change in inlet air temperature,
size of carrot cubes and infrared power had a significant effect (P <0.05) on
water removal from the sample. Also, drying time decreased with a reduction
in carrot cubes size and increasing both air temperature and infrared power.
Therefore, the energy consumption was considerably reduced, decreasing
from 12.63 Kwh/kg in the bed fluidized method (without infrared power) to
2.28 Kwh/kg using infrared-fluidized bed drying. The Page model was best
fitted to the experimental data to describe the drying kinetics of carrot cubes
by an infrared-fluidized bed dryer.

Conclusion: The analysis of variance (ANOVA) showed that air
temperature, sample size and infrared power had significant effects on the
water removal rate of samples and therefore drying time. According to the
results, using infrared-fluidized bed drying as a combined method in
comparison with conventional hot air drying methods can reduce drying time
and energy consumption, considerably.
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Figure 1- IR-Fluidized bed dryer used in this study: 1. Air conveying pipeline, 2. Blower, 3. Electric
heating unit, 4. Dryer chamber, 5. Inverter, 6. Inlet air velocity Sensor, 7. Inlet air temperature sensor, 8.

Mesh plates, 9. Infrared lights.
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Table 3- Coefficients of Page model for infrared-fluidized bed drying of carrot cubes

syl glas Y Olg Soladad o310 "
(1) oy > Standard ) b a 7ROk s Temperat
Error Infrared Size of Carrot e (°C)
power (W) cubes (cm?)
0.999002 0.011899 0.824747 0.057292 0
0.995263 0.027583 0.896031 0.049318 200 05
0.994415 0.029987 0.866463 0.065828 400 '
0.994402 0.032100 1.005317 0.039022 600 50
0.998587 0.013751 0.839586 0.042520 0
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Figure 2- Comparison of experimental and predicted moisture ratios of drying in different temperatures
with IR power of 600W at carrot cubes sizes of a) 0.5 cm3 and b) 1 cm?
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Table 4- Effect of different treatments on drying time of carrot cubes (to 10% moisture content) by

infrared-fluidized bed dryer
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W U
(Kwh/Kg) Time (Min) P cubes (cm?3) P
9.08 90 0
6.68 80 200 0.5
4.61 70 400
3.14 65 600
50
12.63 120 0
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3 i 400 0.5
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