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Introduction
Drying is one of the oldest methods of food preservation. To increase the efficiency of heat and mass transfer
while maintaining product quality, the study of the drying process is crucial scientifically and meticulously. It is
possible to conduct experimental tests, trial and error, in the drying process. However, this approach consumes
time and cost, with a significant amount of energy resources. By harnessing available software and leveraging
technological advancement to develop a general model for drying food under varying initial conditions, the
drying process can be significantly optimized.

Materials and Methods

This study was conducted with the aim of simulating heat and mass transfer during Refractance window
drying for aloe vera gel. Comsol Multiphysics version 5.6 is a three-dimensional model used to solve heat and
mass transfer equations. For this purpose, the differential equations of heat and mass transfer were solved
simultaneously and interdependently. The above model considered various initial conditions: water temperature
of 60, 70, 80, and 90°C, and aloe vera gel thickness of 5 and 10 mm. The initial humidity and temperature of the
aloe vera is uniform. The initial temperature is 4°C and the initial humidity of the fresh aloe vera sample is 110
Qwater/Jary matter. Heat is supplied only by hot water from the bottom surface of the product.

Results and Discussion

The drying time was needed to reduce the moisture content of aloe vera gel from 110 to 0.1 Qwater/Qdry matter
during Refractance window drying. Aloe vera gel with a thickness of 5 mm dried in 120, 100, 70, and 50
minutes at water temperatures of 60, 70, 80, and 90°C, respectively. For a 10 mm thick layer of aloe vera gel, the
drying time was 240, 190, 150, and 120 minutes, for water temperatures of 60 to 90°C, respectively. These
results demonstrate the importance of both the water temperature and thickness on the drying time. Furthermore,
the drying rate of aloe vera gel increased as the water temperature increased from 60 to 90°C, the drying rates
were 0.915, 1.099, 1.57, and 2.198 gwaer/min for 5 mm thickness and 0.457, 0.578, 0.732, and 0.915 gwater/Min
for 10 mm thick layer of aloe vera gel, respectively.

Conclusion

Based on the simulation results, the optimal model is with a water temperature of 90°C and an aloe vera gel
thickness of 5 mm. Overall, the modeling results are consistent with the results of experimental data.
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2- Simulation and Modeling
3- Finite Element Method (FEM)
4- Partial Differential Equation (PDE)
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Fig.1. A) The Refractance Window dryer (1- Controlled water bath, 2- Water flume, 3- Water pump, 4- Vapor
extractors, 5- Mylar film, 6- Product entry point, 7-Dried product exit point, and 8- Fan) Located in the Khorasan

Razavi Agriculture and Natural Resources Research Center, B) Schematic of Refractance Window dryer and its
different parts
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Fig.2. Geometrical model drawn in Comsol software with two thicknesses of aloe vera gel: A) 5 mm and B) 10 mm
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Table 1- The dimensions of the different parts of the Refractance window dryer
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Table 2- Initial values and Thermophysical properties
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Fig.3. Schematic diagram of transfer phenomena in Refractance window dryer
(1- Air, 2- Aloe vera gel, 3- Mylar film, and 4-Water)
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Table 3- Convective heat transfer coefficient at different temperatures and its determining parameters
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Water temperature ('C)
P air (kg.m?) 1.092 1.082 1.072 1.062
Cpair(j-kg . K1) 1006.04 1006.57 1007.10 1007.62
Kair(W.m™.K*) 0.027 0.028 0.028 0.028
U airx10°(Pa. s) 1.96 1.97 1.99 2
Re 972.04 957.45 943.20 929.28
Pr 0.71 0.71 0.70 0.70
h(W.m2.K) 5mm 101.06 101 100.93 100.87
10mm 50.53 50.50 50.46 50.43
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Table 5- Convective mass transfer coefficient at different temperatures and its determining parameters

ﬁr” dlcb 4.’90.’ Cwolus Sc hm X10_4(m2.3_l)
Water temperature (°C)  Sample thickness (mm)
60 5 2571.93 1.9
10 1384.88 14
70 5 2030.87 2.3
10 1075.16 1.7
80 5 1427.23 2.9
10 773.08 2.2
90 5 991.16 3.8
10 697.48 2.4
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Fig.8. Boundary conditions of convective mass transfer

bl Gie gw)yd | Gliebl (gl cdls o yo b eolat!
Adaptive Mesh " cous jl jio cloagloll ceaS
JSs e (laplll coles p g canlons b)) "Refinement
o el cpyses olgieas "Extremely fine” paie ojlul L
Jade s o glanl jo a8 pl @ s g b il Clowl gai yie

L sisie g ol Db ey by ol Ol s cddd oo &y pused

St b o Bl Sly cmge Jobuw Areees j
sl ;31 )3 i SooS B 05l 4 (ga i Altus (ol Ko
iged (gatyphoe g Sl £ Joi Billao e 095 9 Ll
ool oddbodly Hlis A S5 50 ol sjlw Jde

Gilhe plase |y Joaals )l38lp 5 53 o Jliisl S dlsles
:(Kumar et al., 2022) 5,8 <y 5 (V) (sl

oC

—+V.J+h VC=R (\#)
ot

(Mol.m®) Joame clale @lpss 9C (V8) (gabasly ;5 oS
JLasl o i him g Cogboy adgi b GBpas R () loj @il s Ot
Nt (M5) (y0m o2

(Suiasad) uiahe
sla Ll b crond & onioby! awdin Jdo dlsyo opl jo

s tbie olagLall g laie s 98se SAopdl JSinsS
"Extremely fine" § "Normal” ,_aic ojlasl g3 b S5 onspe

gy S8 S pya g Oyl ! (ilwdnd 5 Gie gy 5 oledl sl =T Jgas
Table 6- The number of mesh elements and vertices in the simulation of heat and mass transfer of Refractance window

Thickness of sample (mm)

5
10

oled! e ey
Elements Mesh vertices
814090 1740295
816212 1759206
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Fig.10. Algorithm for simulation of heat and mass transfer of Refractance window dryer in Comsol software
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Fig.11. Aloe vera gel drying diagram in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a thickness of
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Fig.13. Validation of product drying time for thickness of 5 and 10 mm in hot water with temperature (A) 60 degrees
Celsius, (B) 70 degrees Celsius, (C) 80 degrees Celsius, and (D) 90 degrees Celsius
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Fig.14. Temperature diagram of aloe vera gel in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a
thickness of 5 mm
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Fig.15. Temperature diagram of aloe vera gel in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a
thickness of 10 mm
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Fig.16. Moisture distribution of aloe vera gel with a thickness of 5 mm at 100 minutes when the water temperature is
(A)90°C, (B)80°C, (C) 70 °C, and (D) 60 °C
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Fig.17. Moisture distribution of aloe vera gel with a thickness of 10 mm at 100 minutes when the water temperature is
(A)90°C, (B)80°C, (C) 70 °C, and (D) 60 °C
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