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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
Swater/Edry matter- Heat 1s 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 Zwater/Zdry 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 gyawer/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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Table 1- The dimensions of the different parts of the Refractance window dryer
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9 g S 8 ) (SSEA (galidae ju JEI slasaay
oS Sis galaize 1 Jguammo (3, S Sid il )
(Nindo, & 1o e & il Jisl ooy g2y oS 3
Ui ol 4 aS Tang, 2007; Ortiz-Jerez et al., 2015)
VS g g cmlodd (gilwdnd Jguals jl38le x5 55 5253 lge

ol o0 03l lis Janl slaesyy Soles

OSSis daie oY plod (o (iile) )l JlEsl e
Jyaze g

oS Sts gdaie Y pl o (udadd Ol Jisl e
Jgaze

I3 5 Joae S puie aw o (e )l Jl 0

(358) Jgpame ()1 gshaw & Jpae 093 il py> Jl o

55) lsp g Jomame S yiio golaw > Cggb yo5ks e
(o

sbaan¥ olyo wiin Jio o) ) an Gilodnd cnl

Cuoad 315581045 (gl g tyg iS85St o liseo
Sl 3L 0y50 ool )b l58le 5l o .08 o 25 Materials
Cond 3 0y 3ty ©ygots lgn g O Y 93 3 dltas J>
o~ Cawlodis uu);u Lo> G ‘_;laa.b) O ygody .>|9.c 4)[90[.5
~Sis clon slod cadlllan oyl > O clod Hlade 4 dngi b oy
Ayala-Aponte et al., ) Cwl wgmdus d)3 £+ D d9us oS
oS eyl (I ol  (Subgey Slusgas bl (2021
ale 56 9 0 Lsasgll J5 Mol old )l Colin o s g 0
=0l uu):u 3‘94 4)‘.>UL5 Caound JLl ‘)9439]1 J) J?d?u 9 ..\a‘.> 9
ol 3 e 3 1Bl 5 )y ¥ g illas ol julie g
e g Cuwlodbaidldals culi S Sis alaase HLid ¢ g 5lwand
Seid il Job ) g cowloaisan 3 e ) aladse j> ,lid
YU b (5 g ccwlors (5,8 cob gyl J5 skl 5,8
eSSy Jo pal o e Y Copw b cnr S Jpame

Sl



1985937 U5 (612 giin g il 18, (S S 30 32 9 )l JUKH (g 3Lwwdad o]0 g (5 et

(Ayala-Aponte ef al., 2021) (S jb90 5 Slusgas 5 adgl polie =V Jous
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Fig.4. Boundary conditions for conductive heat transfer
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Table 3- Convective heat transfer coefficient at different temperatures and its determining parameters

Clabs 60 80 90
Water temperature ('C)

P air (kg.m?) 1.092 1.082 1.072 1.062
Cp.air(j kg K1) 1006.04 1006.57 1007.10 1007.62
Kair(W.m.K ") 0.027 0.028 0.028 0.028
u (Pa.s)airx1073 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.m2K) 5mm 101.06 100.93 100.87
10mm 50.53 50.50 50.46 50.43
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Fig.6. Boundary conditions for convective heat transfer

Jsl 9B bl @yl Jliml slaan] b ples gl JS o8
4 JmalS J38lp 5 50 o] galblas oS 9 oo ) Sialiyzgo
(Kumar et al., 2022) s¢i5 oo iy yo5 (A) salasly & j00

pCpa—€+pCpu.VT+V.q=Q (A)

e Q (kgm?) J&x p Tkg' K) 039 oo )5 cud)bo Co



980 lod F ol (55,9l g piilo 4y ylis

(2.6989x 10 m2s1) Ll <l Do o)) cabayy o oS
R 5 (K) o5 Kis lgp clod T (j.mol?) gjlo b (5, Ea
gy e sl (8314472 J K mol) Lajls sles cub
Glae (V) 9 (1) baslyy 3l g adlllae (pl > Cugh) 395 e

(Ayala-Aponte et al., 2021) cuol ¥ Joan

NS oS Sais g slod nl g ogdle 9o s o)
lao sl Cugl) 395 3o o pd sl 13 9o Jelgs (et
23S e ol ) el 99 ol e BL)I (V) adsly) o]
:(Compaoré¢ et al., 2019)

—FEa
Deff =Doe RT (")

Cugh) 3585 fgo cpd jlake —& Jodo
Table 4- The value of the Diffusivity coefficient

Wiged Cwolbud Derx 1071%(m2.s7!)
Sample thickness 60°C 70°C 80°C 90°C
(mm)
5 0.7 0.9 1.3 1.9
10 1.3 1.7 24 2.7
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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
ol gled Wiged Cuolbud

Sc hm X104(m2.s!)
Water temperature (°C) Sample thickness (mm)

60 5 2571.93 1.9
10 1384.88 1.4
70 5 2030.87 23
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

digos Cuoldnd oWl o (Wl
Thickness of sample (mm) Elements Mesh vertices
5 814090 1740295

10 816212 1759206
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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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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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