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Introduction1  
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 
gwater/gdry 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 gwater/gdry 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 gwater/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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4- The polyester plastic film (Mylar) 
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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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The geometrical dimensions of the dryer chamber designed in the work 

plane section of Comsol software  
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Length of hot water tank 
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&�Y O9 1@V! w�^  

Width of hot water tank 
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&�Y O9 1@V! �!�VW  

Thickness of hot water tank 
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�o��! KT"� +/0  

Length of Mylar film  
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Length of Aloe vera gel 
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 Width of Aloe vera gel 
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Thickness of Aloe vera gel 
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Table 2- Initial values and Thermophysical properties  
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Unit  

����� 

Value  

!"���
6 

Parameter  

3-kg.m  1430  
�o��! KT"� B��d_ 

Density of Mylar film  

1-.K1-J.kg  1600  
�o��! KT"� ;r�( B��!�Y �"��| 

Special heat capacity of Mylar film  

1-.K1-W.m  0.19  
�o��! KT"� B
���* ����� \��W 

Thermal conductivity coefficient of Mylar film  

 -  0.99  
�8/�9 +: FVTV
) ��(φ( 

Porosity of Aloe vera gel  

°C 4  
�8/�9 +: �"�(� #�!���( 

Initial temperature of Aloe vera gel  

solid
1-gwater.g  110  

�8/�9 +: �"�(� ��/0���( 
Initial moisture of Aloe vera gel 

solid
1-gwater.g  0.1 

�8/�9 +: B��g. ��/0���( 
Final moisture of Aloe vera gel 

3-kg.m  

20.0029 T –0.1276 T  –= 1001.4  Waterρ   
(O9) c��! $�� 

Liquid phase (water)  �8/�9 +: B��d_��( 
Density of Aloe vera gel  

= 720 solidρ   
(345 ;��!) �!�' $�� 

Solid phase (dry matter)  

1-.K1-J.kg  

2T 3-0.0909 T + 5.4731× 10 –= 4176.2  Water,pC  
(O9) c��! $�� 

Liquid phase (water)  
;r�( B��!�Y �"��| �8/�9 +:��( 

Special heat capacity of 
Aloe vera gel  =2946solid ,pC  

(345 ;��!) �!�' $�� 
Solid phase (dry matter)  

1-.K1-W.m  

2T 6-6.7036× 10 –T  3-= 0.57109 + 1.762× 10 WaterK  
(O9) c��! $�� 

Liquid phase (water)  
�8/�9 +: B
���* ����� \��W��( 
Thermal conductivity 

coefficient of Aloe vera gel  =0.34 solidK  
(345 ;��!) �!�' $�� 

Solid phase (dry matter)  

 
��� 3- 
�?�"3 ���;���#  �� +�,-.��HIb! #345�2 67-2��� (�(�7 )1 - �/�N 2- �8/�9 +:��(N 3- �o��! KT"� ( 4- (O9  

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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Fig.4. Boundary conditions for conductive heat transfer 
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Fig.5. Boundary conditions for radiation heat transfer  
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5- Reynolds number (Re) 
6- Prandtl number (Pr) 
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Table 3- Convective heat transfer coefficient at different temperatures and its determining parameters  

 :; 

�� 

C)°( ater temperatureW  
60 70 80 90 

 )3-kg.m(air    ρ  1.092 1.082  1.072  1.062  

 )1-.K1-j.kg(p,airC  1006.04 1006.57 1007.10 1007.62 

 )1-.K1-W.m(airK  0.027 0.028 0.028 0.028 
5-10×air(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 

 )1-.K2-W.m(th  5mm 101.06 101 100.93 100.87 
10mm  50.53 50.50  50.46  50.43 
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Fig.6. Boundary conditions for convective heat transfer  
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Table 4- The value of the Diffusivity coefficient  

 )1-.s2m(10-× ��effD   �3�/3 .�
DE 

Sample thickness 
(mm)  C°90  C°80  C°70  C°60  

1.9  1.3  0.9  0.7  5  
2.7  2.4  1.7  1.3  10  
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Fig.7. Boundary conditions for conductive mass transfer  
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Table 5- Convective mass transfer coefficient at different temperatures and its determining parameters  

 :; 

�� 

Water temperature (°C)  

3�/3 .�
DE�  
Sample thickness (mm) 

Sc  )1-.s2m(4-10×m h  

60 5 2571.93 1.9 
10 1384.88 1.4 

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 
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Table 6- The number of mesh elements and vertices in the simulation of heat and mass transfer of Refractance window  

I� J�K� 

Mesh vertices  

L
/M�  

Elements  

3�/3 .�
DE�  

 Thickness of sample (mm)  
1740295  814090  5 
1759206  816212  10  
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Fig.9. Modeled sample meshing in Comsol software 
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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 
5 mm 
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Fig.12. Aloe vera gel drying diagram in hot water temperatures of 60, 70, 80, and 90 degrees Celsius with a thickness of 
10 mm 
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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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