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NUMERICAL ANALYSIS TO PREDICT TEMPERATURE 1 

DISTRIBUTION OF THE PASSION FRUIT SEEDS DURING DRYING 2 

Highlights 3 
• The temperature distribution occurs because there are differences in temperature on the surface and 4 

inside the passion fruit seeds biji 5 
• Temperature distribution occurs simultaneously in all directions 6 
• The deeper into the temperature distribution the lower 7 
• The same pattern also occurs in the vertical and horizontal directions. 8 

ABSTRACT. The optimization of the drying process can be determined based on temperature 9 

distribution patterns using numerical modeling of the finite element method (FEM). This study has 10 

compiled a numerical equation FEM to predict the temperature distribution in passion fruit seeds 11 

during drying. The study was conducted using a circulating air tray dryer. Temperature distribution 12 

data on passion fruit seeds were measured using a data logger. The results showed that the numerical 13 

equation FEM approach can be used to simulate the temperature distribution of passion fruit seeds 14 

during drying quickly and accurately. This model has been validated by comparing the temperature 15 

distribution data measured in the drying chamber with FEM simulation results data with a relative 16 

error between 0.45 to 1.27%. The numerical model of the FEM is important as a reference for 17 

controlling temperature distribution during drying because this method is easy to implement and results 18 

in low errors. 19 

Keywords: Drying, finite element methods, numerical equation, passion fruit seeds, temperature 20 

distribution 21 

 22 

Nomenclature: 23 

Abbreviations 24 

A surface area (m2) 25 

c  air heat capacity (kJ/kg °C) 26 

k conductivity (W/m °C) 27 

M  modulus 28 
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r the rate of heat flow towards the axis of the radius (m) 29 

T temperature (°C) 30 

t time (hour) 31 

q heat energy (W) 32 

V volume (m3) 33 

Subscripts 34 

i radius index 35 

j vertical direction index 36 

k horizontal direction index 37 

wt time index 38 

Greek symbols 39 

𝜕 differential 40 

   heat diffusivity (m2/dtk) 41 

  the rate of heat flow towards the vertical direction 42 

  the rate of heat flow towards the horizontal direction 43 

Δ  ingredient 44 

 45 

INTRODUCTION 46 

Passion fruit (Passiflora edulis) is one of the most consumed fruits because it is a source of 47 

vitamins and minerals that are beneficial to human health (Amaral et al., 2016; Bezerra et al., 2015; 48 

Santos, et al., 2020). It can be consumed in fresh or processed form (Do Nascimento et al., 2016; 49 

Catelam et al., 2020). Passion fruit plants can grow easily in the tropics or subtropics (Allardyce et al., 50 

2017; Atukunda, et al., 2018). Two types of passion fruit are cultivated in Indonesia, namely yellow 51 

passion fruit (Passiflora edulis f. Flavicarpa) and purple passion fruit (Passiflora edulis Sims f. 52 
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Flavicarpa) (Ansar et al., 2020) (Figure 1). 53 

 54 

Figure 1. Yellow passion fruit (A) and purple passion fruit (B) 55 

 56 

Nowadays, passion fruit is generally processed into syrup (Febrina et al., 2017; Ansar et al., 2019). 57 

The manufacture of the syrup has the most important economic impact on the passion fruit market 58 

because world demand continues to grow to date (Seixas et al., 2014; Figueiredo et al., 2013). 59 

Processing of passion fruit into syrup produces solid waste in the form of seeds between 4-12% of the 60 

total fruit mass (Oliveira et al., 2017; Araujo, et al., 2019). This fruit waste can be reused because it has 61 

oil and protein content, especially linoleic acid up to 70% (Malacrida & Jorge, 2012; Silva et al., 2015; 62 

Silva et al., 2019). Fatty acids from passion fruit seeds have the potential to be applied in the food, 63 

pharmaceutical, cosmetics, and energy industries (Oliveira et al., 2017; Yang et al., 2019). 64 

Unripe passion fruit seeds generally grow sprouts, so they have a short shelf life (Vaquiro et al., 65 

2016; Barrales et al., 2015; Bidgolya et al., 2018). To maintain the shelf life of this passion fruit, it must 66 

be dried until it reaches 14% water content so that it lasts longer before being extracted into the oil 67 

(Chen et al., 2011; Leao et al., 2014; Pereira et al., 2015). An effective drying method for grains can be 68 

carried out based on a temperature distribution mechanism to optimize the evaporation of water content 69 

(de Menezes et al., 2013; Castro et al., 2018). 70 

Research about temperature distribution using the numerical equation of the finite element 71 

method (FEM) approach has been widely reported (Bezerra et al., 2015; Takalkar et al., 2018). 72 
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However, existing scientific publications generally still use a one-dimensional numerical equation to 73 

describe the process of drying grain (Vaquiro et al., 2016; Jinshah & Balasubramanian, 2020; Zhoua et 74 

al., 2018) have simulated temperature distribution on one dimension using FEM. While Zhou et al. 75 

(2015) have simulated a one-dimensional temperature distribution using the FEM with graph 76 

visualization. Another temperature distribution analysis has been carried out by Monjezi & Campbell 77 

(2016) at each point of the two-dimensional plate using the FEM with the system state considered a 78 

steady-state. 79 

Temperature distribution during drying cannot be observed directly (Shinong et al., 2020), but 80 

can only be predicted and calculated using numerical modeling (Castro et al., 2018; Xiao et al., 2020). 81 

The numerical modeling that has been compiled is then simulated and displayed in a graph (Ma et al., 82 

2019). The numerical modeling can produce valid, detailed, and comprehensive data (Essa & Mostafa, 83 

2017; Mayer & Grof, 2020). 84 

Research on the process of temperature distribution in seeds whose shape is not uniform during 85 

drying using a numerical equation of the FEM approach has not been found in any publication. 86 

Therefore, this research is important to describe the process of drying passion fruit seeds as a function 87 

of temperature using numerical modeling of the FEM approach. This model was used to predict the 88 

temperature distribution in passion fruit seeds during non-isothermal convective drying. Thus, the 89 

purpose of this study was to compile a numerical equation using the FEM approach to predict the 90 

temperature distribution of passion fruit seeds during drying. 91 

 92 

MATERIALS AND METHODS 93 

Numerical equation development 94 

To simplify the compilation of the numerical equations of the FEM approach, then passion fruit 95 

seeds are assumed to be in the shape of a uniform ball as shown in Figure 2. 96 



ASABE Journal Template July 2020   5 

 97 

Figure 2. Purple passion fruit seeds that are assumed to have a uniform ball shape 98 

 99 

Figure 3. Modeling of three-dimensional spherical coordinate systems 100 

By simplifying, the transformation function of the spherical coordinate system irregular (Figure 101 

2) is simplified into a three-dimensional regular spherical coordinate system (Figure 3), so that it can 102 

be written in the form of an equation: 103 
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The rate of heat flow towards the vertical direction () is: 107 
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The rate of heat flow towards the horizontal direction () is: 109 
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The results of substituting equations (2), (3), and (4) into equation (1), the equation is obtained: 111 
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 (5) 112 

Initial condition (IC) and boundary condition (BC) equation (5) are: 113 

IC: In all positions T(r, , , t) = Tinitial = 29,5 oC for t = 0 114 

BC: at t > 0 and r = 0; 0=




r

T
 115 

The solution of equations (5) and BC was to use the numerical method of the FEM approach 116 

explicitly. The temperature distribution on the surface of the seeds is calculated by the equation: 117 
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The temperature distribution in the position of the seed axis was calculated by the equation: 119 
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The temperature distribution at the center position of the seeds was calculated by the equation: 121 

 ( ) wtkjwtkjwtkj TMT
M

T ,,,0,,,11,,,0 1
1

−+=+  (8) 122 

The temperature distribution of the simulation results as a function of the three-dimensional 123 

position of r, θ, and  which can be calculated by the equation: 124 
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The solution of equation (9) was to use the Trapezoidal Rule method as follows. 126 
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 134 

Sample preparation and equipment 135 

Passion fruit seeds used in the study were obtained from purple passion fruit. The fruit is cut in 136 

half and the seeds are separated from the meat using a pulpier siever. Furthermore, passion fruit seeds 137 

are washed with water to remove the remnants of the pulp. Passion fruit seeds are drained and stored at 138 

room temperature to wait for the next process. 139 

The equipment used is a circulated air tray type dryer with a heat source obtained from a 300 Watt 140 

electric stove (Figure 4). The main parts of the dryer include drying chamber, drying tray, electric stove, 141 

blower, and exhaust. Each component is made using industry-standard construction. The support frame 142 

is made of galvanized type iron box measuring 2.5 x 2.5 cm so that it can withstand the burden of dried 143 

material. Overall dimensions of the dryer are 100 cm long, 80 cm wide, 150 cm high, and the wheel 144 
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height from the ground to the tool is 10 cm. 145 

The inner drying chamber is insulated to reduce heat loss so that the hot air inside the drying 146 

chamber can be optimally optimized for drying. Inside the drying chamber, there are 5 shelves arranged 147 

vertically with a distance of 20 cm between the shelves to collect the dried material. The tray is made 148 

of stainless steel wire framed by wood. The electric stove is located at the bottom right side of the drying 149 

chamber. At the right end of the stove, there is a blower to encourage and circulate air in the drying 150 

chamber. 151 

 152 

Figure 4. Sketch of a circulating air tray dryer type 153 

Sample drying 154 

Drying passion fruit seeds was done by placing seeds on each tray with a thickness of 1 layer. 155 

Drying is done using a temperature of 70 °C and an airflow velocity of 0.2 m/s. Hot air generated from 156 

electric stoves was used to dry the samples in a tray of 5 pieces. Some of the air was discharged through 157 

the outlet valve and some are recirculated through the heater and then returned to the drying chamber. 158 

To reduce heat loss to the environment, all parts of the drying chamber are coated with insulators. 159 

Drying was carried out for 7 hours to obtain 14% water content. 160 

 161 

Measurement of seed temperature distribution 162 

Seed temperature distribution data during drying is measured using a data logger. The temperature 163 
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sensor is installed in one of the passion fruit seeds in each drying chamber by placing the tip of the 164 

thermocouple in the surface position and the center of the seeds. This measurement was repeated with 165 

5 replications. 166 

 167 

Data validation test 168 

Data validation test used regression analysis by comparing predictive data obtained from FEM 169 

numerical model simulation results with observational data generated from measurements in the drying 170 

chamber. The closeness of the relationship between predictive data and observational data can be seen 171 

from the coefficient of determination (R2). If the value of R2 approaches the number one it means that 172 

there is a very close relationship (Ansar et al., 2020). 173 

 174 

RESULTS AND DISCUSSION 175 

Temperature distribution in the drying chamber 176 

The measurement results of temperature distribution from time to time during the drying of 177 

passion fruit showed that the temperature distribution on each the tray had different values (Figure 5). 178 

At the beginning of drying the temperature, distribution is still uniform, but an increase occurs with 179 

increasing drying time. The biggest temperature is on the tray1, reaching 45.16°C. This is presumably 180 

because the bottom tray gets the most heat from the electric stove, so the average temperature on the 181 

bottom tray is higher than the other trays. While the average temperature on the tray no. 2, 3, 4, and 5 182 

are 42.33; 41.45; 40.75; and 39.43 °C, respectively. 183 
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184 

Figure 5. Temperature distribution on each tray during the drying of passion fruit seeds 185 

 186 

In general, the drying of the tray type in this study only takes 7 hours to reduce the water content 187 

from 21% to 14.15%. This drying time is shorter when compared to the method of sun-drying which 188 

requires 10-11 hours (Shavazi et al., 2020). The same trend data has been reported by Bahadur et al. 189 

(2019) that the higher the dryer temperature, the lower the final water content produced. 190 

Uneven airflow velocity can cause uneven temperature distribution. The higher the airflow 191 

velocity, the faster the air temperature distribution in the drying chamber. This means that the speed of 192 

airflow in the drying medium can function as a catalyst so that the temperature distribution of the seeds 193 

is also faster. The results of the study Ozakina & Kaya (2019) also reported that airflow velocity can 194 

cause a high-temperature distribution, so that the temperature distribution in the seeds is also getting 195 

bigger. 196 

 197 

Temperature distribution in seeds 198 

Three-dimensional temperature distribution in the passion fruit seeds during drying is shown in 199 
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Figure 6. In the figure, it appears that in the first hour there was a very rapid increase and began to fall 200 

in the second hour until towards the end of drying. Temperature distribution in the passion fruit seeds 201 

occurs because of differences in temperature and heat energy arising during drying. The same thing has 202 

been expressed by Serrano et al. (2015) that the temperature distribution of materials is strongly 203 

influenced by the coefficient of displacement of the conduction pad and the thermal diffusivity of the 204 

material. 205 

 206 

Figure 6. Three-dimensional temperature distribution in the passion fruit seeds 207 

 208 

Three-dimensional temperature distribution of passion fruit seeds spreads from the surface of the 209 

seeds toward the center of the axis slowly until evenly distributed to all parts of the seeds. Furthermore, 210 

the temperature is distributed with an even distribution pattern in the determined boundary plane. This 211 

temperature distribution pattern follows an elliptic pattern. Numerical models for predicting 3-212 

dimensional temperature distribution are very important when information is still limited about ideal 213 

conditions during the drying process. This developed model can accurately predict the temperature 214 

distribution in various positions of passion fruit seeds during the drying process. In the same case, Xiao 215 

et al. (2020) have explained that the modified numerical model can accurately predict the percentage of 216 
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germination at various temperatures in seeds with a value of R2 = 0.810. 217 

Another phenomenon that can be revealed is that the temperature distribution occurs 218 

simultaneously in all directions of the three-dimensional axis of the seeds. The more inward (r 219 

direction), the smaller the temperature distribution, which is almost the same as the ambient 220 

temperature. Whereas the vertical direction () and horizontal direction () also have the same pattern, 221 

namely the smaller the distribution. This is following the results of the simulation program, which is 222 

for parts of the position that are closer to the sides given an initial value of T0 = 29.5 °C, then the 223 

temperature approaches the limit value. Whereas the position on the surface that receives the dryer 224 

temperature earlier has a higher temperature distribution. The same phenomenon has been reported by 225 

Fecher et al. (2014) that temperature distribution is caused by energy transfer that occurs due to 226 

temperature differences. This energy cannot be observed directly, but the direction of its displacement 227 

can be calculated using numerical modeling (Vogta et al., 2015). 228 

 229 

Figure 7. Prediction and observation data of temperature distribution during drying 230 

 231 

There is a difference between the predicted temperature distribution and the observation result 232 

(Figure 7). The prediction temperature distribution is always higher than the observation temperature 233 
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but has the same tendency. This difference is caused by the thermal conductivity value (k) used for 234 

simulation data slightly greater than the thermal conductivity value of passion fruit seeds. This is in line 235 

with the results of the study Reed et al. (2018) which reported that the higher the thermal conductivity 236 

value of the material, the faster the temperature propagation occurs. 237 

 238 

Model validation 239 

The validation of the air temperature distribution model is done by comparing the observations 240 

of the temperature distribution of the measurement results in the drying chamber with the prediction 241 

data of the FEM simulation results. The results of temperature distribution measurements in the drying 242 

chamber tend to follow the temperature distribution pattern of the simulation results with a low error. 243 

The highest error value occurred in the vertical position of 0.45%, then the horizontal position and the 244 

axis of the radius of 1.27 and 2.23% (Figure 8). 245 

 246 

Figure 8. Validation of prediction and observation data of temperature distribution during 247 

drying. 248 

 249 

The results of the analysis of variance showed that there were no significant differences between 250 

predicted and observational data. The temperature distribution data observations have the same pattern 251 
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as the prediction data. Despite that, it is still found differences that are suspected due to the influence 252 

of the level of sensitivity of the sensor used, but the error data is still within reasonable limits. Another 253 

factor that is thought to cause differences is the effect of initial temperature variations which are not 254 

taken into account in compiling a numerical model of the FEM approach. But the difference only 255 

appears if the initial temperature is higher than the ambient temperature. Therefore, the higher the initial 256 

temperature, the higher the difference between prediction and simulation data. Similar results were also 257 

expressed by Khurana & Karwe (2009) that the simulation results differ from the predicted results when 258 

the initial temperature is higher than the ambient temperature. Thus, the results of this study can be used 259 

as a basis for further research. 260 

The results of the analysis of variance showed that between the observations of the temperature 261 

distribution of the measurement results in the drying chamber with the FEM simulation results from 262 

data obtained R2 value of 0.8786 (Figure 8). This data shows that there is a close relationship between 263 

observational data and predictive data. Thus, this FEM simulation model is valid and can be used as a 264 

system representation in analyzing the temperature distribution of grains during drying. In line with the 265 

results of these studies Moreno et al., (2017) also reported that the FEM method can produce accurate 266 

and valid temperature distribution prediction data and can be scientifically justified. 267 

 268 

CONCLUSIONS 269 

The temperature distribution in the passion fruit seeds occurs because of differences in 270 

temperature and heat energy arising during drying. This temperature distribution occurs simultaneously 271 

in all directions of the three-dimensional axis of the seeds. The deeper (direction r) the temperature 272 

distribution gets smaller. The same pattern also occurs in the vertical direction () and horizontal 273 

direction (). The results of this study can be used to design dryers for grains. To improve this research, 274 

it is necessary to add blower power to provide faster air circulation. 275 

 276 



ASABE Journal Template July 2020   15 

ACKNOWLEDGEMENT  277 

The researcher expresses his gratitude to those who have contributed to this study in particular to 278 

the Director of the Research and Community Service for the financial support that has been provided 279 

through the 2017 National Strategic Research Scheme with contract no. 271.DB/UN18/LPPM/2017, so 280 

this research can be carried out well. 281 

 282 

CONFLICT OF INTEREST 283 

The authors declare that no conflict of interest with the founder. 284 

 285 

REFERENCES 286 

Allardyce, C. S., Fankhauser, C., Zakeeruddin, S. M., Grätzel, M., & Dyson, P. J. (2017). The influence 287 
of greenhouse-integrated photovoltaics on crop production. Solar Energy, 155(10), 517-522. 288 
http://doi.org/10.1016/j.solener.2017.06.044. 289 

Amaral, I. C., de Resende, J. V., Junior, B. A., & de Lima, R. R. (2016). Evaluation of the adsorption 290 
behavior of freeze-dried passion fruit pulp with added carriers by traditional biospeckle laser 291 
techniques. Drying Technology, 35(1), 55-65. http://doi.org/10.1080/07373937.2016.1159575. 292 

Ansar, Nazaruddin, & Azis, A. D. (2019). Effect of vacuum freeze-drying condition and maltodextrin on 293 
the physical and sensory characteristics of passion fruit (Passiflora edulis Sims) extract. In Iqbal (Ed.), 294 
International Symposium on Agriculture And Biosystem Engineering. 1, pp. 1-12. Makassar: IOP 295 
Conference Series. http://doi.org/10.1088/1755-1315/355/1/012067. 296 

Ansar, Sukmawaty, Abdullah, S. H., Nazaruddin, & Safitri, E. (2020). Physical and chemical properties 297 
of mixture fuels (MF) between palm sap (arenga pinnata merr) bioethanol and premium. ACS Omega, 298 
75(1), 1-9. http://doi.org/10.1021/acsomega.0c00247. 299 

Ansar, Nazaruddin, Azis, A D. (2020). Caking mechanisms of passion fruit powder during storage. 300 
International Journal of Innovation, Creativity, and Change, 13(2), 23-30. 301 

Araujo, M. V., Barbosa, E. G., de Oliveira, A. L., Milagres, R. S., Pinto, F., de, A., . . . Corrêa, P. C. (2019). 302 
Physical properties of yellow passion fruit seeds (Passiflora edulis) during the drying process. 303 
Scientia Horticulturae, 109032. http://doi.org/10.1016/j.scienta.2019.109032. 304 

Atukunda, R., Semakula, P., Karungi, J., Kyamanwa, S., Erbaugh, M., & Ochwo-Ssemakula, M. (2018). 305 
Farmers’ knowledge of passion fruit virus diseases and their management in central Uganda. Afr. J. 306 
Hort. Sci., 13, 53–64. 307 

Bahadur, J., Ghahremani, A. H., Gupta, S., Druffel, T., Sunkara, M. K., & Pal, K. (2019). Enhanced 308 
moisture stability of MAPbI3 perovskite solar cells through Barium doping. Solar Energy, 190(9), 309 
396-404. http://doi.org/10.1016/j.solener.2019.08.033. 310 

Barrales, F. M., Rezende, C. A., & Martínez, J. (2015). Supercritical CO2 extraction of passion fruit 311 
(Passiflora edulis sp.) seed oil assisted by ultrasound. The Journal of Supercritical Fluids, 104, 183–312 
192. http://doi.org/10.1016/j.supflu.2015.06.006. 313 

Bezerra, C. V., Meller da Silva, L. H., Corrêa, D. F., & Rodrigues, A. M. (2015). A modeling study for 314 
moisture diffusivities and moisture transfer coefficients in drying of passion fruit peel. International 315 
Journal of Heat and Mass Transfer, 85, 750–755. 316 



ASABE Journal Template July 2020   16 

http://doi.org/10.1016/j.ijheatmasstransfer.2015.02.027. 317 
Bidgolya, R. O., Balouchi, H., Soltani, E., & Moradi, A. (2018). Effect of temperature and water potential 318 

on Carthamus tinctorius L. seed germination: quantification of the cardinal temperatures and 319 
modeling using hydrothermal time. Industrial Crops and Products, 113, 121–127. 320 
http://doi.org/10.1016/j.indcrop.2018.01.017. 321 

Castro, A. M., Mayorga, E. Y., & Moreno, F. L. (2018). Mathematical modeling of convective drying of 322 
fruits: A review. Journal of Food Engineering, 223, 152-167. 323 
http://doi.org/10.1016/j.jfoodeng.2017.12.012. 324 

Catelam, K. T., Trindade, C. F., & Romero, J. T. (2011). Water adsorption isotherms and isosteric sorption 325 
heat of spray-dried and freeze-dried dehydrated passion fruit pulp with additives and skimmed milk. 326 
Ciência e Agrotecnologia, 35(6), 1196-1203. http://doi.org/10.1590/s1413-70542011000600021. 327 

Chen, M. L., Yang, D. J., & Liu, S. C. (2011). Effects of drying temperature on the flavonoid, phenolic 328 
acid and antioxidative capacities of the methanol extract of citrus fruit (Citrus sinensis (L.) Osbeck) 329 
peels. International Journal of Food Science & Technology, 46(6), 1179-1185. 330 
http://doi.org/10.1111/j.1365-2621.2011.02605.x. 331 

de Menezes, M. L., Kunz, C. C., Perine, P., Pereira, N. C., dos Santos, O. A., & de Barros, S. D. (2013). 332 
Analysis of convective drying kinetics of yellow passion fruit bagasse. Acta Scientiarum Technology, 333 
35(2), 291-298. 334 

Do Nascimento, E. M., Mulet, A., Ascheri, J., de Carvalho, C. W., & Cárcel, J. A. (2016). Effects of high-335 
intensity ultrasound on drying kinetics and antioxidant properties of passion fruit peel. Journal of 336 
Food Engineering, 170, 108-118. http://doi.org/10.1016/j.jfoodeng.2015.09.015. 337 

Essa, M. A., & Mostafa, N. H. (2017). Theoretical and experimental study for temperature distribution 338 
and flow profile in all water evacuated tube solar collectors considering solar radiation boundary 339 
condition. Solar Energy, 142(15), 267-277. http://doi.org/10.1016/j.solener.2016.12.035. 340 

Febrina, K., Sinulingga, S., & Napitupulu, H. (2017). Performance measurement in the Agro-Industrial 341 
Supply Chain of passion fruit syrup in North Sumatera Province. Journal of Mechanical and Civil 342 
Engineering, 14(5), 46–55. http://doi.org/10.9790/1684-1405044655. 343 

Fecher, F. W., Romero, A. P., Brabec, C. J., & Buerhop-Lutz, C. (2014). Influence of a shunt on the 344 
electrical behavior in thin-film photovoltaic modules – A 2D finite element simulation study. Solar 345 
Energy, 105(7), 494-50. http://doi.org/10.1016/j.solener.2014.04.011. 346 

Figueiredo, L. P., Dias, M. V., Valente, W. A., Borges, S. V., Pereira, A. T., Pereira, P. A., & Queiroz, F. 347 
(2013). Influence of process parameters on the color and texture of passion fruit albedo preserved in 348 
syrup. Food Sci. Technol., 33(1), 23-30. http://doi.org/10.1590/S0101-20612013005000005. 349 

Jinshah, B. S., & Balasubramanian, K. R. (2020). Thermo-mathematical model for parabolic trough 350 
collector using a complete radiation heat transfer model – A new approach. Solar Energy, 197(2), 58-351 
72. http://doi.org/10.1016/j.solener.2019.12.068. 352 

Khurana, M., & Karwe, M. V. (2009). Numerical prediction of temperature distribution and measurement 353 
of temperature in a high hydrostatic pressure food processor. Food Bioprocess Technol., 2, 279–290. 354 
http://doi.org/10.1007/s11947-008-0096-4 355 

Leao, K. M., Sampaio, K. L., Pagani, A. C., & Da Silva, M. P. (2014). Odor potency, aroma profile, and 356 
volatiles composition of cold-pressed oil from industrial passion fruit residues. Industrial Crops and 357 
Products, 58, 280-286. http://doi.org/10.1016/j.indcrop.2014.04.032. 358 

Ma, T., Gu, M., Shen, L., & Li, M. (2019). An improved and comprehensive mathematical model for solar 359 
photovoltaic modules under real operating conditions. Solar Energy, 184(15), 292-304. 360 
http://doi.org/10.1016/j.solener.2019.03.089. 361 

Malacrida, C. R., & Jorge, N. (2012). Yellow passion fruit seed oil (Passiflora edulis f. flavicarpa): 362 
Physical and chemical characteristics. Brazilian Arch. Biol. Technol., 55, 127-134. 363 
http://doi.org/10.1590/S1516-89132012000100016. 364 

Mayer, M. J., & Gróf, G. (2020). Techno-economic optimization of grid-connected, ground-mounted 365 
photovoltaic power plants by genetic algorithm based on a comprehensive mathematical model. Solar 366 



ASABE Journal Template July 2020   17 

Energy, 202(15), 210-226. http://doi.org/10.1016/j.solener.2020.03.109. 367 
Monjezi, A. A., & Campbell, A. N. (2016). A comprehensive transient model for the prediction of the 368 

temperature distribution in a solar pond under Mediterranean conditions. Solar Energy, 135(10), 297-369 
307. http://doi.org/10.1016/j.solener.2016.06.011. 370 

Moreno, D., Fernández, M., & Esquivias, P. M. (2017). A comparison of closed-form and finite-element 371 
solutions for heat transfer in a nearly horizontal, unglazed flat plate PVT water collector: Performance 372 
assessment. Solar Energy, 141(1), 11-24. http://doi.org/10.1016/j.solener.2016.11.015. 373 

Oliveira, D. A., Angonese, M., Ferreira, S. R., & Gomes, C. L. (2017). Nanoencapsulation of passion fruit 374 
by-products extracts for enhanced antimicrobial activity. Food and Bioproducts Processing, 104, 375 
137-146. http://doi.org/10.1016/j.fbp.2017.05.009. 376 

Oliveira, D. A., Mezzomo, N., Gomes, C., & Ferreira, S. R. (2017). Encapsulation of passion fruit seed 377 
oil by means of supercritical antisolvent process. J. Supercrit. Fluid, 129, 96-105. 378 
http://doi.org/10.1016/j.supflu.2017.02.011. 379 

Ozakina, A. N., & Kaya, F. (2019). Effect on the exergy of the PVT system of fins added to an air-cooled 380 
channel: A study on temperature and air velocity with ANSYS Fluent. Solar Energy, 184(5), 561-381 
569. http://doi.org/10.1016/j.solener.2019.03.100. 382 

Pereira, A. D., Correa, R. X., & Oliveira, A. C. (2015). Molecular genetic diversity and differentiation of 383 
populations of 'Somnus' passion fruit trees (Passiflora setacea DC): Implications for conservation and 384 
pre-breeding. Biochemical Systematics and Ecology, 59(2), 12-21. 385 
http://doi.org/10.1016/j.bse.2014.12.020 386 

Ramos-González, P. L., Santos, G. F., Chabi-Jesus, C., Harakava, R., Kitajima, E. W., & Freitas-Astúa, J. 387 
(2020). Passion Fruit Green Spot Virus Genome Harbors a New Orphan ORF and Highlights the 388 
Flexibility of the 5′-End of the RNA2 Segment Across Cileviruses. Front. Microbiol., 11(206), 1-16. 389 
http://doi.org/10.3389/fmicb.2020.00206. 390 

Reed, S., Sugo, H., & Kisi, F. (2018). High temperature thermal storage materials with high energy density 391 
and conductivity. Solar Energy, 163(3), 307-314. http://doi.org/10.1016/j.solener.2018.02.005. 392 

Santos, A. R., Lee, D. K., Ferreira, A. G., do Carmo, M. C., Rondelli, V. M., Barros, K. O., & Lachance, 393 
M. A. (2020). The yeast community of Conotelus sp. (Coleoptera: Nitidulidae) in Brazilian 394 
passionfruit flowers (Passiflora edulis) and description of Metschnikowia amazonensis sp. nov., a 395 
large-spored clade yeast. Yeast, 1-8. http://doi.org/10.1002/yea.3453. 396 

Seixas, F. L., Fukuda, D. L., Turbiani, F. B., Garcia, P. S., Petkowicz, C. L., de, O., . . . Gimenes, M. L. 397 
(2014). Extraction of pectin from passion fruit peel (Passiflora edulis f. flavicarpa) by microwave-398 
induced heating. Food Hydrocolloids, 38, 186-192. http://doi.org/10.1016/j.foodhyd.2013.12.001. 399 

Serrano-Arellano, J., Rivera, M. G., Chavez-Servın, J. L., Xaman, Xaman, J., Alvarez, G., & Belman-400 
Flores, J. M. (2015). Numerical study of thermal environment of a greenhouse dedicated to amaranth 401 
seed cultivation. Solar Energy, 120(10), 536-548. http://doi.org/10.1016/j.solener.2015.08.004. 402 

Shavazi, E. A., Torres, J. F., Hughes, G., & Pye, J. (2020). Experimental correlation of natural convection 403 
losses from a scale-model solar cavity receiver with non-isothermal surface temperature distribution. 404 
Solar Energy, 198(3), 355-375. http://doi.org/10.1016/j.solener.2020.01.023. 405 

Shinong, W., Qianlong, M., Jie, X., Yuan, G., & Shilin, L. (2020). An improved mathematical model of 406 
photovoltaic cells based on datasheet information. Solar Energy, 199(15), 437-446. 407 
http://doi.org/10.1016/j.solener.2020.02.046. 408 

Silva, M. F., Campos, V. P., Barros, A. F., Terra, W. C., Pedroso, M. P., Gomes, V. A., & Silva, F. F. (2019). 409 
Volatile emissions of watercress (Nasturtium officinale) leaves and passion fruit (Passiflora edulis) 410 
seeds against Meloidogyne incognita. Pest Management Science, 1-10. 411 
http://doi.org/10.1002/ps.5654. 412 

Silva, R. M., Placido, G. R., Silva, M. P., Castro, C. S., Lima, M. S., & Caliari, M. (2015). Chemical 413 
characterization of passion fruit (Passiflora edulis f. flavicarpa) seeds. African Journal of 414 
Biotechnology, 14(14), 1230-1233. http://doi.org/10.5897/ajb2014.13945. 415 

Takalkar, G. D., & Bhosale, R. R. (2018). Mathematical modeling, simulation, and optimization of solar 416 



ASABE Journal Template July 2020   18 

thermal powered Encontech engine for desalination. Solar Energy, 172(2), 104-115. 417 
http://doi.org/10.1016/j.solener.2018.07.081. 418 

Váquiro, H., Rodríguez, O., Simal, S., Solanilla-Duque, J., & Telis-Romero, J. (2016). Modeling of drying 419 
kinetics during non-isothermal convective drying of passion fruit seeds. Japan Journal of Food 420 
Engineering, 17(4), 117-121. http://doi.org/10.11301/jsfe.17.117. 421 

Vogta, M. R., Holst, H., Wintera, M., Brendela, R., & Altermat, P. P. (2015 ). Numerical modeling of c-Si 422 
PV modules by coupling the semiconductor with the thermal conduction, convection, and radiation 423 
equations. Energy Procedia, 77, 215-224. http://doi.org/10.1016/j.egypro.2015.07.030. 424 

Xiao, H., Yang, H., Monaco, T., Song, Q., & Rong, Y. (2020). Modeling the influence of temperature and 425 
water potential on seed germination of Allium tenuissimum L. PeerJ, 8, 1-17. 426 
http://doi.org/10.7717/peerj.8866. 427 

Yang, X. L., Hu, X. J., & Long, X. Q. (2019). Characterization of the complete chloroplast genome of a 428 
purple passion flower variety ‘Pingtang No.1’ (Passiflora edulia Sims) in China and phylogenetic 429 
relationships. Mitochondrial DNA Part B, 4(2), 2649–2651. 430 

Zhou, J., Yi, Q., Wang, Y., & Ye, Z. (2015). Temperature distribution of photovoltaic module based on 431 
finite element simulation. Solar Energy, 111(1), 97-103. http://doi.org/10.1016/j.solener.2014.10.040. 432 

Zhoua, J., Kea, H., & Deng, X. (2018). Experimental and CFD investigation on temperature distribution 433 
of a serpentine tube type photovoltaic/thermal collector. Solar Energy, 174(1), 735-742. 434 
http://doi.org/10.1016/j.solener.2018.09.063. 435 

 436 



American Society of Agricultural and Biological EngineersAmerican Society of Agricultural and Biological Engineers

 Print PrintSubmission Confirmation

Thank you for your submission

Submitted to
American Society of Agricultural and Biological Engineers

Manuscript ID
PRS-14664-2021

Title
NUMERICAL EQUATION USING THE FINITE ELEMENT METHOD TO PREDICT THE TEMPERATURE DISTRIBUTION
OF PASSION FRUIT SEEDS DURING DRYING

Authors
Ansar, Ansar 
Nazaruddin, Nazaruddin 
Azis, Atri

Date Submitted
07-May-2021

Author DashboardAuthor Dashboard

 Home Home

 Author Author

 Review Review

javascript: window.print();
javascript: window.parent.top.setNextPage('AUTHOR_VIEW_MANUSCRIPTS');
javascript:if(isPageCompletelyLoaded()){setDataAndNextPage('XIK_CUR_ROLE_ID', 'xik_6DQdFHBpuT8ArEqbybqrtv', 'HOME');}
javascript:setDataAndNextPage('XIK_CUR_ROLE_ID','xik_AKA4dS1zcTjqi2FKFacNq9Rf6wkTh2xisLy6F6jKx4pm','AUTHOR_VIEW_MANUSCRIPTS')
javascript:setDataAndNextPage('XIK_CUR_ROLE_ID', 'xik_GxrXFPgu7KgSyGSsTLp25vtPVyUTKEVUjCfiCZnN21ML', 'REVIEWER_VIEW_MANUSCRIPTS');


© Clarivate Analytics |  © ScholarOne, Inc., 2021. All Rights Reserved. 
ScholarOne Manuscripts and ScholarOne are registered trademarks of ScholarOne, Inc. 
ScholarOne Manuscripts Patents #7,257,767 and #7,263,655.

 @ScholarOneNews  |   System Requirements  |   Privacy Statement  |   Terms of Use

https://clarivate.com/legal/copyright/
http://patft.uspto.gov/netacgi/nph-Parser?Sect2=PTO1&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&d=PALL&RefSrch=yes&Query=PN/7257767
http://patft.uspto.gov/netacgi/nph-Parser?Sect2=PTO1&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&d=PALL&RefSrch=yes&Query=PN/7263655
http://www.twitter.com/ScholarOneNews
https://mc.manuscriptcentral.com/asabe?PARAMS=xik_D1YpMxgtf9Duvru56wbtjs1YrPGhJKgXqU1UCmNr81FX3bMy5DhnQP9XQQCUBQnie1FHnQjXfNM5F3um56pv7WZNvaCWDWvQsDCrx4KpzajB1Ei38V1nm5L5uztKd2mNoXdmQMENMpkqQUm7M1qSeAtNAoppRp49mo2qkayiSnMntUhpU4BHF2AXjPnreXYohVfPmwCasZFkUBZNR1uSiFUqw4
https://clarivate.com/clarivate-analytics-scholarone-privacy-notice/
https://clarivate.com/legal/terms-of-use/


11/5/22, 3:10 PM Email Universitas Mataram - Your Submission

https://mail.google.com/mail/u/0/?ik=f3f303f0c4&view=pt&search=all&permthid=thread-f%3A1699062520596060965&simpl=msg-f%3A169906252059… 1/1

Ansar - <ansar72@unram.ac.id>

Your Submission

1 pesan

R. Paul Singh <em@editorialmanager.com> 7 Mei 2021 09.51
Balas Ke: "R. Paul Singh" <rpsingh@ucdavis.edu>
Kepada: Ansar Ansar <ansar72@unram.ac.id>

Ms. Ref. No.: JFOODENG-D-21-00690

Title: Numerical equation using the finite element methods approach to predict the temperature distribution of passion fruit
seeds during drying

Journal: Journal of Food Engineering


Dear Dr. Ansar,


Thank you for your interest and submission to "Journal of Food Engineering". Unfortunately, after an initial evaluation, I
feel your manuscript is not appropriate for this journal's readership. Our journal receives far more manuscripts than that
can be published. Therefore, some prioritization must be done by the Editorial team after a careful examination of each
manuscript. I regret that your manuscript is outside the scope of our journal for its focus on primary processing of seeds. I
regret to inform you that your manuscript is rejected from further consideration. You may consider submitting your work to
the Transactions of ASABE.


Thank you for your interest in "Journal of Food Engineering".


Yours sincerely,

R. Paul Singh, PhD
Editor-in-Chief

Journal of Food Engineering


Reviewers' comments:


For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923. Here you
can search for solutions on a range of topics, find answers to frequently asked questions and learn more about EM via
interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance from one of
our customer support representatives.


__________________________________________________

In compliance with data protection regulations, you may request that we remove your personal registration details at any
time.  (Use the following URL: https://www.editorialmanager.com/jfoodeng/login.asp?a=r). Please contact the publication
office if you have any questions.

http://help.elsevier.com/app/answers/list/p/7923
https://www.editorialmanager.com/jfoodeng/login.asp?a=r


NUMERICAL EQUATION USING THE FINITE ELEMENT 
METHOD TO PREDICT THE TEMPERATURE DISTRIBUTION OF 

PASSION FRUIT SEEDS DURING DRYING

Journal: American Society of Agricultural and Biological Engineers

Manuscript ID Draft

Journal Name: Transactions of the ASABE

Manuscript Type: Research Article

Keywords: drying, finite element methods, numerical equation, passion fruit seeds, 
temperature distribution

Abstract:

The optimization of the drying process can be determined based on 
temperature distribution patterns using numerical modeling of the finite 
element method (FEM). This study has compiled a numerical equation 
FEM to predict the temperature distribution in passion fruit seeds during 
drying. The study was conducted using a circulating air tray dryer. 
Temperature distribution data on passion fruit seeds were measured 
using a data logger. The results showed that the numerical equation FEM 
approach can be used to simulate the temperature distribution of passion 
fruit seeds during drying quickly and accurately. This model has been 
validated by comparing the temperature distribution data measured in 
the drying chamber with FEM simulation results data with a relative error 
between 0.45 to 1.27%. The numerical model of the FEM is important as 
a reference for controlling temperature distribution during drying 
because this method is easy to implement and results in low errors.

ABSTRACT.docx

 

Thank you for reviewing for ASABE Publications

ASABE Publications - For Review Only



ASABE Journal Template July 2020 1

1 NUMERICAL EQUATION USING THE FINITE ELEMENT METHOD 
2 TO PREDICT THE TEMPERATURE DISTRIBUTION OF PASSION 
3 FRUIT SEEDS DURING DRYING

4 Highlights
5  The design of the tray dryer type was established at the University of Mataram.
6  Research data were observed for 7 hours with 5 repetitions.
7  Prediction data from numerical equations has been compared with observational data.
8  Model validation results have been discussed and analyzed.

9 ABSTRACT. The optimization of the drying process can be determined based on temperature 

10 distribution patterns using numerical modeling of the finite element method (FEM). This study has 

11 compiled a numerical equation FEM to predict the temperature distribution in passion fruit seeds 

12 during drying. The study was conducted using a circulating air tray dryer. Temperature distribution 

13 data on passion fruit seeds were measured using a data logger. The results showed that the numerical 

14 equation FEM approach can be used to simulate the temperature distribution of passion fruit seeds 

15 during drying quickly and accurately. This model has been validated by comparing the temperature 

16 distribution data measured in the drying chamber with FEM simulation results data with a relative 

17 error between 0.45 to 1.27%. The numerical model of the FEM is important as a reference for 

18 controlling temperature distribution during drying because this method is easy to implement and results 

19 in low errors.

20 Keywords: Drying, finite element methods, numerical equation, passion fruit seeds, temperature 

21 distribution

22

23 Nomenclature:

24 Abbreviations

25 A surface area (m2)

26 c air heat capacity (kJ/kg°C)

27 k conductivity (W/moC)

28 M modulus
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29 r the rate of heat flow towards the axis of the radius (m)

30 T temperature (oC)

31 t time (hour)

32 q heat energy (W)

33 V volume (m3)

34 Subscripts

35 i radius index

36 j vertical direction index

37 k horizontal direction index

38 wt time index

39 Greek symbols

40 differential∂

41  heat diffusivity (m2/dtk)

42  the rate of heat flow towards the vertical direction

43  the rate of heat flow towards the horizontal direction

44 Δ ingredient

45

46 INTRODUCTION

47 Passion fruit (Passiflora edulis) is one of the most consumed fruits because it has a source of 

48 vitamins and minerals that are beneficial to human health (Amaral, de Resende, Junior, & de Lima, 

49 2016; Bezerra, Meller da Silva, Corrêa, & Rodrigues, 2015; Santos, et al., 2020). This fruit can be 

50 consumed in fresh or processed form (Do Nascimento, Mulet, Ascheri, de Carvalho, & Cárcel, 2016; 

51 Catelam, Trindade, & Romero, 2011; Ramos-González, et al., 2020). These passion fruit plants can 

52 grow easily in the tropics or subtropics (Allardyce, Fankhauser, Zakeeruddin, Grätzel, & Dyson, 2017; 
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53 Atukunda, et al., 2018). Two types of passion fruit are cultivated in Indonesia, namely yellow passion 

54 fruit (Passiflora edulis f. Flavicarpa) and purple passion fruit (Passiflora edulis Sims f. Flavicarpa) 

55 (Ansar, Nazaruddin, & Azis, 2020) (Figure 1).

56

57 Figure 1. Yellow passion fruit (A) and purple passion fruit (B)

58

59 Nowadays, passion fruit is generally processed into syrup (Febrina, Sinulingga, & Napitupulu, 

60 2017; Ansar, Nazaruddin, & Azis, 2019). The manufacture of the syrup has the most important 

61 economic impact on the passion fruit market because world demand continues to grow to date (Seixas, 

62 et al., 2014; Figueiredo, et al., 2013). Processing of passion fruit into syrup produces solid waste in the 

63 form of seeds between 4-12% of the total fruit mass (Oliveira, Mezzomo, Gomes, & Ferreira, 2017; 

64 Araujo, et al., 2019). This fruit waste can be reused because it has oil and protein content, especially 

65 linoleic acid up to 70% (Malacrida & Jorge, 2012; Silva, et al., 2015; Silva, et al., 2019). Fatty acids 

66 from passion fruit seeds have the potential to be applied in the food, pharmaceutical, cosmetics, and 

67 energy industries (Oliveira, Mezzomo, Gomes, & Ferreira, 2017; Oliveira, Angonese, Ferreira, & 

68 Gomes, 2017; Yang, Hu, & Long, 2019).

69 Unripe passion fruit seeds generally grow sprouts, so they have a short shelf life, (Váquiro, 

70 Rodríguez, Simal, Solanilla-Duque, & Telis-Romero, 2016; Barrales, Rezende, & Martínez, 2015; 

71 Bidgolya, Balouchi, Soltani, & Moradi, 2018). To maintain the shelf life of this passion fruit, it must 

72 be dried until it reaches 14% water content so that it lasts longer before being extracted into the oil 
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73 (Chen, Yang, & Liu, 2011; Leao, Sampaio, Pagani, & Da Silva, 2014; Pereira, Correa, & Oliveira, 

74 2015). An effective drying method for grains can be carried out based on a temperature distribution 

75 mechanism to optimize the evaporation of water content (de Menezes, et al., 2013; Castro, Mayorga, & 

76 Moreno, 2018).

77 Research about temperature distribution using the numerical equation of the finite element 

78 method (FEM) approach has been widely reported (Bezerra, Meller da Silva, Correa, & Rodrigues, 

79 2015; Takalkar & Bhosale, 2018). However, existing scientific publications generally still use a one-

80 dimensional numerical equation to describe the process of drying grain (Váquiro, Rodríguez, Simal, 

81 Solanilla-Duque, & Telis-Romero, 2016; Jinshah & Balasubramanian, 2020; Zhoua, Kea, & Deng, 

82 2018) have simulated temperature distribution on one dimension using FEM. While (Zhou, Yi, Wang, 

83 & Ye, 2015) have simulated a one-dimensional temperature distribution using the FEM with graph 

84 visualization. Another temperature distribution analysis has been carried out by Monjezi & Campbell 

85 (2016) at each point of the two-dimensional plate using the FEM with the system state considered a 

86 steady-state.

87 Temperature distribution during drying cannot be observed directly (Shinong, Qianlong, Jie, 

88 Yuan, & Shilin, 2020), but can only be predicted and calculated using numerical modeling (Castro, 

89 Mayorga, & Moreno, 2018; Xiao, Yang, Monaco, Song, & Rong, 2020). The numerical modeling that 

90 has been compiled is then simulated and displayed in a graph (Ma, Gu, Shen, & Li, 2019). The 

91 numerical modeling can produce valid, detailed, and comprehensive data (Essa & Mostafa, 2017; 

92 Mayer & Grof, 2020).

93 Research on the process of temperature distribution in seeds whose shape is not uniform during 

94 drying using a numerical equation of the FEM approach has not been found in any publication. 

95 Therefore, this research is important to describe the process of drying passion fruit seeds as a function 

96 of temperature using numerical modeling of the FEM approach. This model was used to predict the 

97 temperature distribution in passion fruit seeds during non-isothermal convective drying. Thus, the 
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98 purpose of this study was to compile a numerical equation using the FEM approach to predict the 

99 temperature distribution of passion fruit seeds during drying.

100

101 MATERIALS AND METHODS

102 Numerical equation development

103 To simplify the compilation of the numerical equations of the FEM approach, then passion fruit 

104 seeds are assumed to be in the shape of a uniform ball as shown in Figure 2.

105

106 Figure 2. Purple passion fruit seeds that are assumed to have a uniform ball shape

107

108 Figure 3. Modeling of three-dimensional spherical coordinate systems
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109 By simplifying, the transformation function of the spherical coordinate system irregular (Figure 

110 2) is simplified into a three-dimensional regular spherical coordinate system (Figure 3), so that it can 

111 be written in the form of an equation:

112 (1)
t

T
cVAqAqAqAqAqAq prrrrrrr 


   )(

113 The rate of heat flow towards the axis of the radius (r) is:

114 (2)
r

T
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
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115 The rate of heat flow towards the vertical direction () is:

116 (3)
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117 The rate of heat flow towards the horizontal direction () is:

118 (4)
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T
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119 The results of substituting equations (2), (3), and (4) into equation (1), the equation is obtained:

120 (5)
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121 Initial condition (IC) and boundary condition (BC) equation (5) is:

122 In all positions T(r, , , t) = Tinitial = 29,5oC for t = 0

123 The solution of equations (5) and BC was to use the numerical method of the FEM approach 

124 explicitly. The temperature distribution on the surface of the seeds is calculated by the equation:

125 (6)
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126 The temperature distribution in the position of the seed axis was calculated by the equation:

127 (7)      
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128 The temperature distribution at the center position of the seeds was calculated by the equation:
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130 The temperature distribution of the simulation results as a function of the three-dimensional 

131 position of r, θ, and  which can be calculated by the equation:

132 (9)
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133 The solution of equation (9) was to use the Trapezoidal Rule method as follows.

134          


 2
4,,4

2
3,,3

2
2,,2

2
1,,1

2
0,,0

0

2
,, 2222

2
RTRTRTRTRT

r
drrT kjkjkjkjkj

R

kji

135            2
10,,10

2
9,,9

2
8,,8

2
7,,7

2
6,,6

2
5,,5 22222 RTRTRTRTRTRT kjkjkjkjkjkj  kjA ,

136            


 


3sin22sin21sin20sin
2

sin ,3,2,1,0

0

,

2

kkkkkj AAAAdA
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141

142 Sample preparation and equipment

143 Passion fruit seeds used in the study were obtained from purple passion fruit. The fruit is cut in 

144 half and the seeds are separated from the meat using a pulpier siever. Furthermore, passion fruit seeds 

145 are washed with water to remove the remnants of the pulp. Passion fruit seeds are drained and stored at 

146 room temperature to wait for the next process.

147 The equipment used is a circulated air tray type dryer with a heat source obtained from a 300 Watt 

148 electric stove (Figure 4). The main parts of the dryer include drying chamber, drying tray, electric stove, 

149 blower, and exhaust. Each component is made using industry-standard construction. The support frame 
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150 is made of galvanized type iron box measuring 2.5 x 2.5 cm so that it can withstand the burden of dried 

151 material. Overall dimensions of the dryer are 100 cm long, 80 cm wide, 150 cm high, and the wheel 

152 height from the ground to the tool is 10 cm.

153 The inner drying chamber is insulated to reduce heat loss so that the hot air inside the drying 

154 chamber can be optimally optimized for drying. Inside the drying chamber, there are 5 shelves arranged 

155 vertically with a distance of 20 cm between the shelves to collect the dried material. The tray is made 

156 of stainless steel wireframed by wood. The electric stove is located at the bottom right side of the drying 

157 chamber. At the right end of the stove, there is a blower to encourage and circulate air in the drying 

158 chamber.

159

160 Figure 4. Sketch of a circulating air tray dryer type

161 Sample drying

162 Drying passion fruit seeds was done by placing seeds on each tray with a thickness of 1 layer. 

163 Drying is done using a temperature of 70oC and an airflow velocity of 0.2 m/s. Hot air generated from 

164 electric stoves was used to dry the samples in a tray of 5 pieces. Some of the air was discharged through 

165 the outlet valve and some are recirculated through the heater and then returned to the drying chamber. 

166 To reduce heat loss to the environment, all parts of the drying chamber are coated with insulators. 

167 Drying was carried out for 7 hours to obtain 14% water content.

168
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169 Measurement of seed temperature distribution

170 Seed temperature distribution data during drying is measured using a data logger. The temperature 

171 sensor is installed in one of the passion fruit seeds in each drying chamber by placing the tip of the 

172 thermocouple in the surface position and the center of the seeds. This measurement was repeated with 

173 5 replications.

174

175 Data validation test

176 Data validation test used regression analysis by comparing predictive data obtained from FEM 

177 numerical model simulation results with observational data generated from measurements in the drying 

178 chamber. The closeness of the relationship between predictive data and observational data can be seen 

179 from the coefficient of determination (R2). If the value of R2 approaches the number one it means that 

180 there is a very close relationship (Ansar, Sukmawaty, Abdullah, Nazaruddin, & Safitri, 2020).

181

182 RESULTS AND DISCUSSION

183 Temperature distribution in the drying chamber

184 The measurement results of temperature distribution from time to time during the drying of 

185 passion fruit showed that the temperature distribution on each the tray had different values (Figure 5). 

186 At the beginning of drying the temperature, distribution is still uniform, but an increase occurs with 

187 increasing drying time. The biggest temperature is on the tray1, reaching 45.16°C. This is presumably 

188 because the bottom tray gets the most heat from the electric stove, so the average temperature on the 

189 bottom tray is higher than the other trays. While the average temperature on the tray no. 2, 3, 4, and 5 

190 are 42.33, 41.45, 40.75, and 39.43°C, respectively.
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192 Figure 5. Temperature distribution on each tray during the drying of passion fruit seeds

193

194 In general, the drying of the tray type in this study only takes 7 hours to reduce the water content 

195 from 21% to 14.15%. This drying time is shorter when compared to the method of sun-drying which 

196 requires 10-11 hours (Shavazi, Torres, Hughes, & Pye, 2020). The same trend data has been reported 

197 by Bahadur et al. (2019) that the higher the dryer temperature, the lower the final water content 

198 produced.

199 Uneven airflow velocity can cause uneven temperature distribution. The higher the airflow 

200 velocity, the faster the air temperature distribution in the drying chamber. This means that the speed of 

201 airflow in the drying medium can function as a catalyst so that the temperature distribution of the seeds 

202 is also faster. The results of the study Ozakina & Kaya (2019) also reported that airflow velocity can 

203 cause a high-temperature distribution, so that the temperature distribution in the seeds is also getting 

204 bigger.

205

206 Temperature distribution in seeds

207 Temperature distribution in passion fruit seeds during drying is shown in Figure 6. In the figure, 

208 it appears that in the first hour there was a very rapid increase and began to fall in the second hour until 
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209 towards the end of drying. Temperature distribution in passion fruit seeds occurs because of differences 

210 in temperature and heat energy arising during drying. The same thing has been expressed by Serrano-

211 Arellano et al. (2015) that the temperature distribution of materials is strongly influenced by the 

212 coefficient of displacement of the conduction pad and the thermal diffusivity of the material.

213
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214 Figure 6. Three-dimensional temperature distribution in passion fruit seeds

215

216 Three-dimensional temperature distribution of passion fruit seeds spreads from the surface of the 

217 seeds toward the center of the axis slowly until evenly distributed to all parts of the seeds. Furthermore, 

218 the temperature is distributed with an even distribution pattern in the determined boundary plane. This 

219 temperature distribution pattern follows an elliptic pattern. Numerical models for predicting 3-

220 dimensional temperature distribution are very important when information is still limited about ideal 

221 conditions during the drying process. This developed model can accurately predict the temperature 

222 distribution in various positions of passion fruit seeds during the drying process. In the same case, Xiao 

223 et al. (2020) have explained that the modified numerical model can accurately predict the percentage of 

224 germination at various temperatures in seeds with a value of R2 = 0.810.

225 Another phenomenon that can be revealed is that the temperature distribution occurs 

226 simultaneously in all directions of the three-dimensional axis of the seeds. The more inward (r direction), 
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227 the smaller the temperature distribution, which is almost the same as the ambient temperature. Whereas 

228 the vertical direction () and horizontal direction () also have the same pattern, namely the smaller the 

229 distribution. This is following the results of the simulation program, which is for parts of the position 

230 that are closer to the sides given an initial value of T0 = 29.5oC, then the temperature approaches the 

231 limit value. Whereas the position on the surface that receives the dryer temperature earlier has a higher 

232 temperature distribution. The same phenomenon has been reported by Fecher, Romero, Brabec, & 

233 Buerhop-Lutz (2014) that temperature distribution is caused by energy transfer that occurs due to 

234 temperature differences. This energy cannot be observed directly, but the direction of its displacement 

235 can be calculated using numerical modeling (Vogta, Holst, Wintera, Brendela, & Altermat, 2015).

236
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237 Figure 7. Prediction and observation data of temperature distribution during drying

238

239 There is a difference between the predicted temperature distribution and the observation result 

240 (Figure 7). The prediction temperature distribution is always higher than the observation temperature 

241 but has the same tendency. This difference is caused by the thermal conductivity value (k) used for 

242 simulation data slightly greater than the thermal conductivity value of passion fruit seeds. This is in line 

243 with the results of the study Reed, Sugo, & Lattice (2018) which reported that the higher the thermal 

244 conductivity value of the material, the faster the temperature propagation occurs.
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245

246 Model validation

247 The validation of the air temperature distribution model is done by comparing the observations 

248 of the temperature distribution of the measurement results in the drying chamber with the prediction 

249 data of the FEM simulation results. The results of temperature distribution measurements in the drying 

250 chamber tend to follow the temperature distribution pattern of the simulation results with a low error. 

251 The highest error value occurred in the vertical position of 0.45%, then the horizontal position and the 

252 axis of the radius of 1.27 and 2.23% (Figure 8).

253
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254 Figure 8. Validation of prediction and observation data of temperature distribution during 

255 drying.

256

257 The results of the analysis of variance showed that there were no significant differences between 

258 predicted and observational data. The temperature distribution data observations have the same pattern 

259 as the prediction data. Despite that, it is still found differences that are suspected due to the influence 

260 of the level of sensitivity of the sensor used, but the error data is still within reasonable limits. Another 

261 factor that is thought to cause differences is the effect of initial temperature variations which are not 
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262 taken into account in compiling a numerical model of the FEM approach. But the difference only 

263 appears if the initial temperature is higher than the ambient temperature. Therefore, the higher the initial 

264 temperature, the higher the difference between prediction and simulation data. Similar results were also 

265 expressed by Khurana & Karwe (2009) that the simulation results differ from the predicted results when 

266 the initial temperature is higher than the ambient temperature. Thus, the results of this study can be used 

267 as a basis for further research.

268 The results of the analysis of variance showed that between the observations of the temperature 

269 distribution of the measurement results in the drying chamber with the FEM simulation results from 

270 data obtained R2 value of 0.8786 (Figure 8). This data shows that there is a close relationship between 

271 observational data and predictive data. Thus, this FEM simulation model is valid and can be used as a 

272 system representation in analyzing the temperature distribution of grains during drying. In line with the 

273 results of these studies, Moreno, Fernández, & Esquivias (2017) also reported that the FEM method can 

274 produce accurate and valid temperature distribution prediction data and can be scientifically justified.

275

276 CONCLUSIONS

277 Temperature distribution in passion fruit seeds occurs because of differences in temperature and 

278 heat energy arising during drying. This temperature distribution occurs simultaneously in all directions 

279 of the three-dimensional axis of the seeds. The deeper (direction r) the temperature distribution gets 

280 smaller. The same pattern also occurs in the vertical direction () and horizontal direction (). The speed 

281 of the drying air influences the temperature distribution. The higher the airflow velocity, the faster the 

282 air temperature distribution that occurs. The results of this study can be used to design dryers for grains. 

283 To improve this research, it is necessary to add blower power to provide faster air circulation.

284
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NUMERICAL ANALYSIS TO PREDICT TEMPERATURE 1 

DISTRIBUTION OF THE PASSION FRUIT SEEDS DURING DRYING 2 

Highlights 3 
• The temperature distribution occurs because there are differences in temperature on the surface and 4 

inside the passion fruit seeds 5 
• Temperature distribution occurs simultaneously in all directions 6 
• The deeper into the temperature distribution the lower 7 
• The same pattern also occurs in the vertical and horizontal directions. 8 

ABSTRACT. The optimization of the drying process can be determined based on temperature 9 

distribution patterns using numerical analysis of the finite element method (FEM). This study has 10 

compiled a numerical analysis using FEM to predict the temperature distribution in passion fruit seeds 11 

during drying. The study was conducted using a circulating air tray dryer. Temperature distribution 12 

data on passion fruit seeds were measured using a data logger. The results showed that the numerical 13 

analysis using FEM approach can be used to simulate the temperature distribution of passion fruit 14 

seeds during drying quickly and accurately. This model has been validated by comparing the 15 

temperature distribution data measured in the drying chamber with FEM simulation results data with 16 

a relative error between 0.45 to 1.27%. The numerical analysis using FEM is important as a reference 17 

for controlling temperature distribution during drying because this method is easy to implement and 18 

results in low errors. 19 

Keywords: Drying, finite element methods, numerical analysis, passion fruit seeds, temperature 20 

distribution 21 

 22 

Nomenclature: 23 

Abbreviations 24 

A surface area (m2) 25 

c  air heat capacity (kJ/kg °C) 26 

k conductivity (W/m °C) 27 

M  modulus 28 
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r the rate of heat flow towards the axis of the radius (m) 29 

T temperature (°C) 30 

t time (hour) 31 

q heat energy (W) 32 

V volume (m3) 33 

Subscripts 34 

i radius index 35 

j vertical direction index 36 

k horizontal direction index 37 

wt time index 38 

Greek symbols 39 

𝜕 differential 40 

   heat diffusivity (m2/dtk) 41 

  the rate of heat flow towards the vertical direction 42 

  the rate of heat flow towards the horizontal direction 43 

Δ  ingredient 44 

 45 

INTRODUCTION 46 

Passion fruit (Passiflora edulis) is one of the most consumed fruits because it is a source of 47 

vitamins and minerals that are beneficial to human health (Amaral et al., 2016; Bezerra et al., 2015; 48 

Santos, et al., 2020). It can be consumed in fresh or processed form (Do Nascimento et al., 2016; 49 

Catelam et al., 2020). Passion fruit plants can grow easily in the tropics or subtropics (Allardyce et al., 50 

2017; Atukunda, et al., 2018). Two types of passion fruit are cultivated in Indonesia, namely yellow 51 

passion fruit (Passiflora edulis f. Flavicarpa) and purple passion fruit (Passiflora edulis Sims f. 52 
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Flavicarpa) (Ansar et al., 2020) (Figure 1). 53 

 54 

Figure 1. Yellow passion fruit (A) and purple passion fruit (B) 55 

 56 

Nowadays, passion fruit is generally processed into syrup (Febrina et al., 2017; Ansar et al., 2019). 57 

The demand for passion fruit syrup products continues to increase until now (Seixas et al., 2014; 58 

Figueiredo et al., 2013). Processing of passion fruit into syrup produces solid waste in the form of seeds 59 

between 4-12% of the total fruit mass (Oliveira et al., 2017; Araujo et al., 2019). This fruit waste can 60 

be reused because it has oil and protein content, especially linoleic acid up to 70% (Malacrida & Jorge, 61 

2012; Silva et al., 2015; Silva et al., 2019). Fatty acids from passion fruit seeds have the potential to be 62 

applied in the food, pharmaceutical, cosmetics, and energy industries (Oliveira et al., 2017; Yang et al., 63 

2019). 64 

Unripe passion fruit seeds generally grow sprouts, so they have a short shelf life (Vaquiro et al., 65 

2016; Barrales et al., 2015; Bidgolya et al., 2018). To maintain the shelf life of this passion fruit seeds, 66 

it must be dried until it reaches 14% wet basis water content so that it lasts longer before being extracted 67 

into the oil (Chen et al., 2011; Leao et al., 2014; Pereira et al., 2015). An effective drying method for 68 

grains can be carried out based on a temperature distribution mechanism to optimize the evaporation of 69 

water content (de Menezes et al., 2013; Castro et al., 2018). 70 

Research on temperature distribution using numerical analysis of the finite element method 71 

(FEM) has been widely reported (Bezerra et al., 2015; Takalkar et al., 2018). This numerical analysis 72 
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can be used to explain the temperature distribution process during drying (Vaquiro et al., 2016; Jinshah 73 

& Balasubramanian, 2020; Zhoua et al., 2018). While Zhou et al. (2015) have simulated a one-74 

dimensional temperature distribution using the FEM with graph visualization. Another temperature 75 

distribution analysis has been carried out by Monjezi & Campbell (2016) at each point of the two-76 

dimensional plate using the FEM with the system state considered a steady-state. 77 

Temperature distribution during drying cannot be observed directly (Shinong et al., 2020), but 78 

can only be predicted and calculated using numerical analysis (Castro et al., 2018; Xiao et al., 2020). 79 

The numerical modeling that has been compiled is then simulated and displayed in a graph (Ma et al., 80 

2019). The numerical analysis can produce valid, detailed, and comprehensive data (Essa & Mostafa, 81 

2017; Mayer & Grof, 2020). 82 

Research on the process of temperature distribution in seeds whose shape is not uniform during 83 

drying using a numerical analysis using FEM approach has not been found in any publication. 84 

Therefore, this research is important to describe the process of drying passion fruit seeds as a function 85 

of temperature using numerical analysis using FEM approach. This model was used to predict the 86 

temperature distribution in passion fruit seeds during non-isothermal convective drying. Thus, the 87 

purpose of this study was to compile a numerical analysis using FEM approach to predict the 88 

temperature distribution of passion fruit seeds during drying. 89 

 90 

MATERIALS AND METHODS 91 

Numerical analysis development 92 

To simplify the compilation of the numerical analysis of the FEM approach, then passion fruit 93 

seeds are assumed to be in the shape of a uniform ball as shown in Figure 2. 94 
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 95 

Figure 2. Purple passion fruit seeds that are assumed to have a uniform ball shape 96 

 97 

Figure 3. Modeling of three-dimensional spherical coordinate systems 98 

By simplifying, the transformation function of the irregular spherical coordinate system (Figure 99 

2) is simplified into a three-dimensional regular spherical coordinate system (Figure 3), so that it can 100 

be written in the form of an equation: 101 

 
t

T
cVAqAqAqAqAqAq prrrrrrr




=++−++ +++  )(  (1) 102 

The rate of heat flow towards the axis of the radius (r) is: 103 
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The rate of heat flow towards the vertical direction () is: 105 
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 (3) 106 

The rate of heat flow towards the horizontal direction () is: 107 

 






−=

T
A

r
kq

sin

1
 (4) 108 

The results of substituting equations (2), (3), and (4) into equation (1), the equation is obtained: 109 
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 (5) 110 

Initial condition (IC) and boundary condition (BC) equation (5) are: 111 

IC: In all positions T(r, , , t) = Tinitial = 29,5 °C for t = 0 112 

BC: at t > 0 and r = 0; 0=




r

T
 113 

The solution of equations (5) and BC was to use the numerical analysis using FEM approach 114 

explicitly. The temperature distribution on the surface of the seeds is calculated by the equation: 115 
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The temperature distribution in the position of the seed axis was calculated by the equation: 117 
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The temperature distribution at the center position of the seeds was calculated by the equation: 119 
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M
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−+=+  (8) 120 

The temperature distribution of the simulation results as a function of the three-dimensional 121 

position of r, θ, and  which can be calculated by the equation: 122 
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The solution of equation (9) was to use the Trapezoidal Rule method as follows. 124 
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 132 

Sample preparation and equipment 133 

Passion fruit seeds used in the study was obtained from the purple passion fruit. The fruit is cut 134 

in half and the seeds are separated from the meat using a pulpier siever. Furthermore, passion fruit seeds 135 

are washed with water to remove the remnants of the pulp. Passion fruit seeds are drained and stored at 136 

room temperature to wait for the next process. 137 

The equipment used is a circulated air tray type dryer with a heat source obtained from a 300 Watt 138 

electric stove (Figure 4). The main parts of the dryer include drying chamber, drying tray, electric stove, 139 

blower, and exhaust. Each component is made using industry-standard construction. The support frame 140 

is made of galvanized type iron box measuring 2.5 x 2.5 cm so that it can withstand the burden of dried 141 

material. Overall dimensions of the dryer are 100 cm long, 80 cm wide, 150 cm high, and the wheel 142 
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height from the ground to the tool is 10 cm. 143 

The inner drying chamber is insulated to reduce heat loss so that the hot air inside the drying 144 

chamber can be optimally optimized for drying. Inside the drying chamber, there are 5 shelves arranged 145 

vertically with a distance of 20 cm between the shelves to collect the dried material. The tray is made 146 

of stainless steel wire framed by wood. The electric stove is located at the bottom right side of the drying 147 

chamber. At the right end of the stove, there is a blower to encourage and circulate air in the drying 148 

chamber. 149 

 150 

Figure 4. Sketch of a circulating air tray dryer type 151 

Sample drying 152 

Drying passion fruit seeds was done by placing the seeds on a tray. The drying process used a 153 

temperature of 70 °C and an air flow velocity of 0.2 m/s. Hot air from the electric stove was used to dry 154 

the samples in trays. Some of the air was expelled through the exhaust valve and some was recirculated 155 

through the heater and then returned to the drying chamber. To reduce heat loss to the environment, all 156 

parts of the drying chamber are insulated. The drying duration was calculated when the temperature in 157 

the drying chamber reaches 70 °C up to 7 hours. 158 

 159 

Measurement of seed temperature distribution 160 
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Seed temperature distribution data during drying is measured using a data logger. The temperature 161 

sensor is installed in one of the passion fruit seeds in each drying chamber by placing the tip of the 162 

thermocouple in the surface position and the center of the seeds. This measurement was repeated with 163 

5 replications. 164 

 165 

Data validation test 166 

Data validation test used regression analysis by comparing predictive data obtained from 167 

numerical analysis using FEM results with observation data generated from measurements in the drying 168 

chamber. The closeness of the relationship between predictive data and observational data can be seen 169 

from the coefficient of determination (R2). If the value of R2 approaches the number one it means that 170 

there was a close relationship (Ansar et al., 2020). 171 

 172 

RESULTS AND DISCUSSION 173 

Temperature distribution in the drying chamber 174 

The measurement results of temperature distribution from time to time during the drying of 175 

passion fruit showed that the temperature distribution on each tray had different values (Figure 5). As 176 

the drying time increases, the material temperature also increases. The highest temperature for the seeds 177 

on tray 1 reached 45.16 °C achieved for 6 hours. This is presumably because the bottom tray gets the 178 

most heat from the electric stove, so the average temperature on the bottom tray is higher than the other 179 

trays. While the average temperature on the tray no. 2, 3, 4, and 5 are 42.33; 41.45; 40.75; and 39.43 °C, 180 

respectively. 181 
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182 

Figure 5. Temperature distribution on each tray during the drying of passion fruit seeds 183 

 184 

In general, the drying of the tray type in this study only takes 7 hours to reduce the water content 185 

from 21% to 14.15%. This drying time is shorter when compared to the method of sun-drying which 186 

requires 10-11 hours (Shavazi et al., 2020). These results were in agreement with these reported by 187 

Bahadur et al. (2019) that direct drying in the sun was slower than artificial drying. 188 

Uneven airflow velocity can cause uneven temperature distribution. The higher the airflow 189 

velocity, more even temperature distribution in the drying chamber. This means that the speed of airflow 190 

in the drying medium can function as a catalyst so that the temperature distribution of the seeds is also 191 

faster. The results of study by Ozakina & Kaya (2019) also reported that airflow velocity can cause a 192 

high-temperature distribution, so that the temperature distribution in the seeds was also getting bigger. 193 

 194 

Temperature distribution in seeds 195 

Three-dimensional temperature distribution in the passion fruit seeds during drying is shown in 196 

Figure 6. In the figure, it appears that in the first hour there was a very rapid increase and began to fall 197 
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in the second hour until towards the end of drying. Temperature distribution in the passion fruit seeds 198 

occurs because of differences in temperature and heat energy arising during drying. The same thing has 199 

been expressed by Serrano et al. (2015) that the temperature distribution of materials is strongly 200 

influenced by the coefficient of displacement of the conduction pad and the thermal diffusivity of the 201 

material. 202 

 203 

Figure 6. Three-dimensional temperature distribution in the passion fruit seeds 204 

 205 

Three-dimensional temperature distribution of passion fruit seeds spreads from the surface of the 206 

seeds toward the center of the axis slowly until evenly distributed to all parts of the seeds. Furthermore, 207 

the temperature is distributed with an even distribution pattern in the determined boundary plane. This 208 

temperature distribution pattern follows an elliptic pattern. Numerical analysis for predicting 3-209 

dimensional temperature distribution are very important when information is still limited about ideal 210 

conditions during the drying process. This developed model can accurately predict the temperature 211 

distribution in various positions of passion fruit seeds during the drying process. In the same case, Xiao 212 

et al. (2020) have explained that the modified numerical analysis can accurately predict the percentage 213 

of germination at various temperatures in seeds with a value of R2 = 0.810. 214 
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Another phenomenon that can be revealed is that the temperature distribution occurs 215 

simultaneously in all directions of the three-dimensional axis of the seeds. The more inward (r 216 

direction), the smaller the temperature distribution, which is almost the same as the ambient 217 

temperature. Whereas the vertical direction () and horizontal direction () also have the same pattern, 218 

namely the smaller the distribution. This is following the results of the simulation program, which is 219 

for parts of the position that are closer to the sides given an initial value of T0 = 29.5 °C, then the 220 

temperature approaches the limit value. Whereas the position on the surface that receives the dryer 221 

temperature earlier has a higher temperature distribution. The same phenomenon has been reported by 222 

Fecher et al. (2014) that temperature distribution is caused by energy transfer that occurs due to 223 

temperature differences. This energy cannot be observed directly, but the direction of its displacement 224 

can be calculated using numerical analysis (Vogta et al., 2015). 225 

 226 

Figure 7. Prediction and observation data of temperature distribution during drying 227 

 228 

There is a difference between the predicted temperature distribution and the observation result 229 

(Figure 7). The prediction temperature distribution is always higher than the observation temperature 230 

but has the same tendency. This difference is caused by the thermal conductivity value (k) used for 231 
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simulation data slightly greater than the thermal conductivity value of passion fruit seeds. This is in line 232 

with the results of the study Reed et al. (2018) which reported that the higher the thermal conductivity 233 

value of the material, the faster the temperature propagation occurs. 234 

 235 

Model validation 236 

The validation of the air temperature distribution model was done by comparing the observation 237 

of the temperature distribution of the measurement results in the drying chamber with the prediction 238 

data of the FEM simulation results. The results of temperature distribution measurements in the drying 239 

chamber tend to follow the temperature distribution pattern of the simulation results with a low error. 240 

The highest error value occurred in the vertical position of 0.45%, then the horizontal position and the 241 

axis of the radius of 1.27 and 2.23%, respectively (Figure 8). 242 

 243 

Figure 8. Validation of prediction and observation data of temperature distribution during 244 

drying. 245 

 246 

The results of the analysis of variance showed that there were no significant differences between 247 

predicted and observation data. The temperature distribution data observations have the same pattern 248 

as the prediction data. Despite that, it is still found differences that are suspected due to the influence 249 
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of the level of sensitivity of the sensor used, but the error data was still within reasonable limits. Another 250 

factor that is thought to cause differences is the effect of initial temperature variations which are not 251 

taken into account in compiling a numerical analysis using FEM approach. But the difference only 252 

appears if the initial temperature was higher than the ambient temperature. Therefore, the higher the 253 

initial temperature, the higher the difference between prediction and simulation data. Similar results 254 

were also expressed by Khurana & Karwe (2009) that the simulation results differ from the predicted 255 

results when the initial temperature is higher than the ambient temperature. Thus, the results of this 256 

study can be used as a basis for further research. 257 

The results of the analysis of variance show that there was a close relationship between the 258 

observed temperature distribution data and the predicted data from the numerical analysis simulation 259 

results indicated by the termination coefficient value (R2) which is 0.8786 (Figure 8). Thus, this 260 

numerical analysis using FEM was valid and can be used as a system representation in analyzing the 261 

temperature distribution of grains during drying. In line with the results of these studies Moreno et al., 262 

(2017) also reported that numerical analysis using FEM can produce accurate and valid temperature 263 

distribution prediction data and can be scientifically justified. 264 

 265 

CONCLUSIONS 266 

The temperature distribution in the passion fruit seeds occurs because of differences in 267 

temperature and heat energy arising during drying. This temperature distribution occurs simultaneously 268 

in all directions of the three-dimensional axis of the seeds. The deeper (direction r) the temperature 269 

distribution gets smaller. The same pattern also occurs in the vertical direction () and horizontal 270 

direction (). The results of this study can be used to design dryers for grains. To improve this research, 271 

it is necessary to add blower power to provide faster air circulation. 272 

 273 
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Dear Dr. Ansar Ansar:


Your manuscript PRS-14664-2021 NUMERICAL EQUATION USING THE FINITE ELEMENT METHOD TO PREDICT
THE TEMPERATURE DISTRIBUTION OF PASSION FRUIT SEEDS DURING DRYING" has gone through an initial
review for publication in

Transactions of the ASABE.

The reviewers have recommended substantial revisions.


I am forwarding you constructive suggestions from the reviewers and/or Associate Editor to improve your manuscript. The
comments are at the end of this letter and/or in attached files.


Please work directly with the Associate Editor, Dr. Sammy Sadaka (ssadaka@uaex.edu, samysadaka@gmail.com), as
you make your revisions. Include with your resubmission an itemized response to each reviewer comment. Your revised
manuscript and your responses to the reviewers' comments will be sent to the Associate Editor when you submit them via
your Author Center.


The final decision regarding publication will be contingent on your revisions and responses to the issues raised by the
reviewers.


We would appreciate the return of the revised manuscript within four weeks. Please upload your revised manuscript to
ScholarOne:


https://mc.manuscriptcentral.com/asabe


ASABE policy is that manuscripts not revised within two months will be withdrawn, unless more time is granted by the
Editor. If you have circumstances such that you need more time for revision, please contact me about a time extension.


Thank you for submitting your manuscript to Transactions of the ASABE.


Sincerely,


Dr. Sudhagar Mani

Editor, ASABE, Processing Systems


Transactions of the ASABE, Applied Engineering in Agriculture, and the Journal of Agricultural Safety and Health are
published by the American Society of Agricultural and Biological Engineers (ASABE).

---------------


Associate Editor's comments, if any, to the author (also look for attached files):

Associate Editor

Associate Editor Comments for Authors:

Review evaluations of your manuscript entitled "NUMERICAL EQUATION USING THE FINITE ELEMENT METHOD TO
PREDICT THE TEMPERATURE DISTRIBUTION OF PASSION FRUIT SEEDS DURING DRYING  (PRS-14664-2021)"
are attached.  Based upon the reviewer's comments and my review of your manuscript, major revision is needed to
improve your manuscript.


Consider the reviewer's comments and make an appropriate revision to your manuscript.  Please provide a list of
summaries of how you addressed the reviewer's questions and suggestions or why a suggestion was not considered. 
Please indicate your corrections and changes with line numbers in your response to the reviewers and the editor.


mailto:ssadaka@uaex.edu
mailto:samysadaka@gmail.com
https://mc.manuscriptcentral.com/asabe
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-       The manuscript title may be revised to highlight the manuscript relevance and minimize redundancy 

-       The manuscript needs extensive English editing. 

-       You need to indicate the boundary conditions. It is not clear. See line 122.

-        Figure 5 shows 7 curves with only 6 legends. Please check. Use different marks.

-        Figure 6 needs to be checked, similar to Figure 5. Why using markers in your figures if the results were obtained
from finite element simulation?

-       Figure 7: temperature needs the line to connect the markers. Once again, why markers if it is the results of a
simulation?

-       Line 280: The speed of the drying air…. The speed of air is not a part of the research. How can you explain including
this terminology in the conclusion?


---------------

Reviewers' comments, if any, to the author (also look for attached files):

Reviewer: 1


Comments for the Author

I recommend certain changes. Good effort in compiling the manuscript.

1.      Change all 4 highlights. Put the outcome of your research, not the methods used.

2.      Line 47: Change “has a source” to “is a source”

3.      Line 49: Change “This fruit” to “It”

4.      Line 51: Remove “These”

5.      Check all citations, do the last name of first author et al. in 3 and above authors papers.

6.      Line 60-62: Rephrase sentence to a simpler one.

7.      Line 71: passion fruit seed not passion fruit?

8.      Line 72: water content is on dry basis or wet basis, please mention it in the manuscript.

9.      Line 80-83: Please use proper citations, sentences do not make sense.

10.     Line 109: Change from “spherical coordinate system irregular” to “irregular spherical coordinate system”

11.     Line 143-146: Use past tense.

12.     Line 162-167: Please be consistent with past tense. Check results and Discussion also.

13.     Line 162-167: Mention how 5 pieces of fruit were placed on the tray and when exactly the drying duration of 7
hours begins?

14.     Line 179: Make “R2” to “R2”

15.     Line 180: Remove “very”

16.     Figure 5, 6, 7 and 8: Replace color legends with black and white legends

17.     Line 196-198: Rephrase.

18.     Line 202-204: Rephrase.

19.     Figure 8: Mention units and R2


Reviewer: 2


Comments for the Author

The authors claimed they developed a 3 D FEM model to predict the temperature distribution inside passion fruit seeds.
This manuscript was poorly drafted, and lot of important information was not provided. The main issues are:

1)      The authors claimed they developed a 3D model, but the passion fruit was assumed as a perfect ball. Using 3D to
predict the temperature distribution of this perfect ball will have the same results as that using 2D. For this situation, 3D
model is not needed, and the 3D model cannot be validated.

2)      The authors only measured the surface temperature of the fruit, which cannot be used to validate the 3D model.

3)      The authors did not provide any information on how the 3D model was solved, and how the parameters were
selected.

4)      All the predicted results can be done by a 1D or 2D model. The predicted results were also 1d or 2D results
because the authors’ assumptions.


Reviewer: 3


Comments for the Author

Recommendation: Major Revision


The current study explores temperature distribution during the drying of passion fruit seeds using the finite element
method. Here are some questions and comments that can strengthen the manuscript if they are addressed. 


Q1. Using the term "numerical equation FEM approach" is not common. However, you may use "FEM approach,"
"Numerical Analysis Using FEM," or just "Numerical Analysis."


Q2. One of the advantages of using FEM, is to tackle complex geometries. Why are you assuming a spherical shape
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rather than a shape closer to a passion fruit?


Q3. Should we assume symmetric heat dissipation from a passion fruit? How this simplification affects your results?


Line 155: vertically or horizontally?

Line 185: on each tray

Line 186: what increases with increasing drying time? The statement needs revision.

Line 187: is the highest temperature for the seeds on tray 1?

Line 187: please mention after how long the temperature reached 45.16°C?

Figure 4: please number the trays in the picture. So, it would be easier to follow the results (lines 187-190).

Results:

- By mentioning tray temperature, do you mean the surface temperature of seeds on each tray?

Lines 196-198: the discussion is not much related to the previous result.

Lines 200, 201: faster temperature distribution? More even temperature distribution?

Line 202: study by

Line 253: , respectively

Lines 269-271: The statement is hard to follow or understand. Please revise it.
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This is a confirmation that a revision of your manuscript "NUMERICAL ANALYSIS TO PREDICT TEMPERATURE
DISTRIBUTION OF THE PASSION FRUIT SEEDS DURING DRYING" has been successfully submitted to the
appropriate Associate Editor via the ASABE ScholarOne Manuscripts site. The revision has the updated manuscript
number PRS-14664-2021.R1.


Journal: Transactions of the ASABE


Co-authors, in order: Ansar, Ansar; Nazaruddin, Nazaruddin; Azis, Atri Dewi


No action is required by you at this point. The Associate Editor will review your revisions and consult with outside
reviewers if needed. The Community Editor will contact you after that.


If you have questions, please contact:

Dr. Robert Smith

Email: ManuscriptCentral@ASABE.org


Thank you.


ASABE Publications

2950 Niles Road

St. Joseph, MI 49085-9659 USA


Transactions of the ASABE, Applied Engineering in Agriculture, and the Journal of Agricultural Safety and Health are
published by ASABE, the American Society of Agricultural and Biological Engineers.
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Dear Dr. Ansar Ansar:


I am pleased to advise you that your manuscript PRS-14664-2021.R2 "NUMERICAL ANALYSIS TO PREDICT
TEMPERATURE DISTRIBUTION OF THE PASSION FRUIT SEEDS DURING DRYING," with authors

Ansar, Ansar; Nazaruddin, Nazaruddin; Azis, Atri Dewi,

is accepted for publication, based on the recommendations of technical reviewers and an Associate Editor in the
appropriate ASABE Technical Community. You can see the file I approved at your Author Center by clicking on "view
submission."


Author order and names should be carefully reviewed when you check your edited proof.


Journal name: Transactions of the ASABE

Article type: Research Article

Editors: If there are page charge waivers, please email pagewaivers@asabe.org with the details.


What happens next?

1. ASABE posts accepted manuscripts in an "In Press" area of the ASABE Technical Library (http://elibrary.asabe.org/
toc.asp) within four weeks, before editing, page layout, etc. After the editing and proof process is complete and the journal
issue is published, the in-press version is removed and only the published version is available.

2. ASABE publications staff will prepare your article for publication. You will have the opportunity to review both an edited
proof and a layout proof of your article before it is published. Usually, the edited proof is sent to you within eight weeks.
(Articles in a collection may take longer.)

3. You will receive a notice of the total page charges due and options for open access and reprints along with your layout
proof (www.asabe.org/JournalSubmission).


If you have questions, please contact:

Applied Agriculture in Engineering: Melissa Miller, miller@asabe.org

Journal of Agricultural Safety and Health, Julie Wisner, wisner@asabe.org

Transactions of the ASABE: Julie Wisner, wisner@asabe.org


Thank you for your contribution to the literature of the profession. Please publish with us again.


Sincerely,


Dr. Sudhagar Mani

Editor, ASABE, Processing Systems


CC: Associate Editor


Transactions of the ASABE, Applied Engineering in Agriculture, and the Journal of Agricultural Safety and Health are
published by the American Society of Agricultural and Biological Engineers (ASABE).
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Article title: Numerical Analysis to Predict Temperature Distribution of Passion Fruit Seeds During Drying

ASABE Manuscript: PRS 14664

Anticipated publication in: Transactions of the ASABE, 64(6)

Dr. Ansar,

Please read through the attached proof document and make any necessary corrections.
At this stage, it's important to
address all content corrections and the appearance of the figures and tables. However, don't be concerned with page
layout. You'll receive page proofs prior to publication, allowing you an opportunity to review how the pages
will
actually look when published.

To mark the attached proof document, use the Track Changes function in MS
Word, or use a strongly contrasting color
for insertions and strike through anything you would like to delete. In addition, four editorial notes are enclosed in red
[brackets]:

-A total of three notes concerning reference citations occur on pages 1 and 9.

-An editorial note concerning figure 6 occurs on page 6.

To help ensure publication of your article in the scheduled issue, please
return your corrections to me within the
coming week.

Thanks,

Glenn

Glenn Laing

Technical Publications Editor

ASABE

2950 Niles Road

St. Joseph, MI 49085

269-932-7014

PRS 14664 edited.docx
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Dear Dr. Ansar,

 

In order for your manuscript to be in Transactions 64(6), I need to receive your

 

–approval of layout

 

by noon, Monday, November 29.

 

Please note that Transactions of the ASABE will be renamed to
Journal of the ASABE beginning in 2022. Any articles not
printed in Transactions 64(6) will be published under the new journal name.

 

Thanks very much.

 

Best wishes,

 

Julie Wisner

ASABE Publications

 

From: Ansar - <ansar72@unram.ac.id> 

Sent: Wednesday, November 10, 2021 9:03 AM

To: Julie Wisner <wisner@asabe.org>
Subject: wire transfer - ASABE manuscript PRS 14664 - invoice 983237936 - final layout

 

Dear Julie Wisner

ASABE Publications

 

Thank you for your email.

Herewith we send a payment slip for Manuscript number PRS 14664.

Best regards,
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Dr. Ansar

 

Pada tanggal Sel, 9 Nov 2021 pukul 04.15 Julie Wisner <wisner@asabe.org> menulis:

Dear Dr. Ansar:

 

Please find attached a
PDF file of the final layout proof scheduled for publication in Transactions of the ASABE
(Journal of the ASABE in 2022).

Review the article and email your corrections to
wisner@asabe.org (instead of Glenn Laing) within 3 business
days.
In your response, tell us the total number of corrections you have recommended.
Make your markups/comments on the PDF file, not on a previous Microsoft Word file (.docx). We will transfer
your corrections to our master .docx.
In PDF, open “Comments” pane and use markup/comment tools.

 

The invoice for page charges is also attached.

 

Payment must be received prior to publication.

 

After we receive corrections/approval and payment, the published version will be available on the ASABE Technical
Library
(http://elibrary.asabe.org/toc.asp)
within 3 weeks.

 

The tentative volume and issue number are printed on the invoice, but will be finalized depending on the order
corrections
and payment are received, if the issue is over the maximum page limit. Normally, if corrections and
payment are received by the due date, the article is published in the issue specified on the invoice. Occasionally, the
article is published in the next issue
due to print limitations, however, those articles will be published online early and
prior to the next print issue.

 

For collections, the volume and issue number may change in order to publish all articles together.

 

Corrections/approval and payment due dates:

 

NOON (EST), Monday, 29 November 2021 – to be included in
Transactions Issue 64(6)

NOON (EST), Monday, 24 January 2022 – to be included in
Journal of the ASABE Issue 65(1)

NOON (EST), Monday, 28 March 2022 – to be included in
Journal of the ASABE Issue 65(2)

 

 

Payment Methods

 

Please include the invoice number, manuscript number, and total amount of “page charges” on any communications.
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wisner@asabe.org.
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credit card form (Visa, MasterCard, American Express, or Discover).

e-mail to
Julie Wisner at wisner@asabe.org, or
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Karen Dolohanty, ASABE, 2950 Niles Rd., St Joseph, MI 49085-9659 USA.
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Make checks payable to ASABE and mail to Karen Dolohanty at ASABE, 2950 Niles Road, St. Joseph MI
49085-8607. On any correspondence please clearly indicate the invoice number, the manuscript
number, and “page
charges”. Your check should be drawn on a US bank and have electronic routing codes on the bottom of the check. All
invoices are payable in
US dollars.

 

 

Purchase Order. Please email to
wisner@asabe.org or mail to Karen Dolohanty at ASABE, 2950 Niles Road,
St.
Joseph MI 49085-8607. On any correspondence please clearly indicate the invoice number, the manuscript number,
and “page charges”. Provide purchasing agent’s name, phone number, and email address.

 

 

Bank Transfer. Any bank-/wire-transfer fees are
the responsibility of the sender. On the bank transfer papers, please
clearly indicate the invoice number, the manuscript number, and “page charges”. All invoices are payable in
US dollars.

 

 

CHASE Bank

1310 Hilltop Road

St. Joseph MI  49085-9659 USA

 

ASABE account name…………American Society of Agricultural and Biological Engineers

ASABE account number………637465451

Bank routing number…………..072000326

Swift code……………………….CHASUS33

 

 

 

Once your article is published we will notify you, so you can download the final PDF from the ASABE Online Technical
Library
(https://elibrary.asabe.org/) or request staff to email you a copy.
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ASABE grants you permission to post the final PDF to your personal and your organization’s web site. You cannot
distribute
to third-party web sites, such as ResearchGate.com. You may personally distribute your article as a PDF or
in printed form.

 

We appreciate your interest in ASABE publications and look forward to publishing your other manuscripts in the future.

 

Best wishes,

Julie

 

 

Julie Wisner

ASABE Publications




   

 

ASABE - The American Society of Agricultural and Biological Engineers

2950 Niles Road

St. Joseph, MI 49085-8607, USA



Voice    269-932-7008 (direct line)

Fax       269-429-3852

E-mail   wisner@asabe.org

 

Become a member –
www.asabe.org/Join - see the Membership Application tab
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Kepada: Julie Wisner <wisner@asabe.org>

Dear Julie Wisner

ASABE Publications
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Highlights

The temperature distribution occurs because there are differences in temperature on the surface and inside the passion
fruit seeds
Temperature distribution occurs simultaneously in all directions
The deeper into the temperature distribution the lower
The same pattern also occurs in the vertical and horizontal directions.

ABSTRACT. The optimization of the drying process can be determined based on temperature distribution patterns using
numerical analysis of the finite element method (FEM). This study has compiled a numerical analysis using FEM to predict
the temperature distribution in passion fruit seeds during drying. The study was conducted using a circulating air tray dryer.
Temperature distribution data on passion fruit seeds were measured using a data logger. The results showed that the
numerical analysis using FEM approach can be used to simulate the temperature distribution of passion fruit seeds during
drying quickly and accurately. This model has been validated by comparing the temperature distribution data measured in
the drying chamber with FEM simulation results data with a relative error between 0.45 to 1.27%. The numerical analysis
using FEM is important as a reference for controlling temperature distribution during drying because this method is easy to
implement and results in low errors.

Keywords.Drying, finite element methods, numerical analysis, passion fruit seeds, temperature distribution
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Abbreviations

A    surface area (m2)

c     air heat capacity (kJ/kg °C)

k    conductivity (W/m °C)

M     modulus

r    the rate of heat flow towards the axis of the radius (m)

T    temperature (°C)

t    time (hour)

q    heat energy (W)

V    volume (m3)

Subscripts

i    radius index

j    vertical direction index

k    horizontal direction index

wt    time index

Greek symbols

?     the rate of heat flow towards the vertical direction

INTRODUCTION
Passion fruit (Passiflora edulis) is one of the most consumed fruits because it is a source of vitamins and minerals that are
beneficial to human health (Amaral et al., 2016; Bezerra et al., 2015; Santos, et al., 2020). It can be consumed in fresh or
processed form (Do Nascimento et al., 2016; Catelam et al., 2020). Passion fruit plants can grow easily in the tropics or
subtropics (Allardyce et al., 2017; Atukunda, et al., 2018). Two types of passion fruit are cultivated in Indonesia, namely
yellow passion fruit (Passiflora edulis f. Flavicarpa) and purple passion fruit (Passiflora edulis Sims f. Flavicarpa) (Ansar et
al., 2020) (Figure 1).

Figure 1. Yellow passion fruit (A) and purple passion fruit (B).

Nowadays, passion fruit is generally processed into syrup (Febrina et al., 2017; Ansar et al., 2019). The demand for passion
fruit syrup products continues to increase until now (Seixas et al., 2014; Figueiredo et al., 2013). Processing of passion fruit
into syrup produces solid waste in the form of seeds between 4-12% of the total fruit mass (Oliveira et al., 2017; Araujo et
al., 2019). This fruit waste can be reused because it has oil and protein content, especially linoleic acid up to 70% (Malacrida
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& Jorge, 2012; Silva et al., 2015; Silva et al., 2019). Fatty acids from passion fruit seeds have the potential to be applied in
the food, pharmaceutical, cosmetics, and energy industries (Oliveira et al., 2017; Yang et al., 2019).

Unripe passion fruit seeds can germinate easily, so they have a short shelf life (Vaquiro et al., 2016; Barrales et al., 2015;
Bidgolya et al., 2018). To maintain the shelf life of this passion fruit seeds, it must be dried until reaches the water content of
14% (wet basis) so that it lasts longer before being extracted into the oil (Chen et al., 2011; Leao et al., 2014; Pereira et al.,
2015). An effective drying method for grains can be carried out based on a temperature distribution mechanism to optimize
the evaporation of water content (de Menezes et al., 2013; Castro et al., 2018).

Research on temperature distribution using numerical analysis of the finite element method (FEM) has been widely reported
(Bezerra et al., 2015; Takalkar et al., 2018). This numerical analysis can be used to explain the temperature distribution
process during drying (Vaquiro et al., 2016; Jinshah & Balasubramanian, 2020; Zhoua et al., 2018). While Zhou et al. (2015)
have simulated a one-dimensional temperature distribution using the FEM with graph visualization. Another temperature
distribution analysis has been carried out by Monjezi & Campbell (2016) at each point of the two-dimensional plate using
the FEM with the system state considered a steady-state.

Temperature distribution during drying cannot be observed directly (Shinong et al., 2020), but can only be predicted and
calculated using numerical analysis (Castro et al., 2018; Xiao et al., 2020). The numerical modeling that has been compiled
is then simulated and displayed in a graph (Ma et al., 2019). The numerical analysis can produce valid, detailed, and
comprehensive data (Essa & Mostafa, 2017; Mayer & Grof, 2020).

Research on the process of temperature distribution in seeds whose shape is not uniform during drying using the numerical
analysis FEM approach has not been found in any publication. Therefore, this research is important to describe the process of
drying passion fruit seeds as a function of temperature using the numerical analysis FEM approach. This model was used to
predict the temperature distribution in passion fruit seeds during non-isothermal convective drying. Thus, the purpose of this
study was to compile the numerical analysis FEM approach to predict the temperature distribution of passion fruit seeds
during drying.

MATERIALS AND METHODS

Numerical analysis development

To simplify the compilation of the numerical analysis FEM approach, then passion fruit seeds were assumed to be in the
shape of a uniform ball as shown in Figure 2.

Figure 2.Purple passion fruit seeds that were assumed to have a uniform ball shape.
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Figure 3. Modeling of three-dimensional spherical coordinate systems.

By simplifying, the transformation function of the irregular spherical coordinate system (Figure 2) was simplified into a
three-dimensional regular spherical coordinate system (Figure 3), so that it can be written in the form of an equation:

         (1)

The rate of heat flow towards the axis of the radius (r) was:

         (2)

The rate of heat flow towards the vertical direction (?) was:

         (3)

The rate of heat flow towards the horizontal direction (?) was:



11/24/21, 7:51 PM Article Request Page

https://elibrary.asabe.org/azdez.asp?search=1&JID=3&AID=52810&CID=t0000&v=0&i=0&T=1&urlRedirect= 5/13

         (4)

The results of substituting equations (2), (3), and (4) into equation (1), the equation was obtained:

         (5)

Initial condition (IC) and boundary condition (BC) equation (5) were:

IC: In all positions T(r, ?, ?, t) = Tinitial = 29,5 °C for t = 0

BC: at t > 0 and r = 0; 

The solution of equations (5) and BC was to use the numerical analysis using FEM approach explicitly. The
temperature distribution on the surface of the seeds was calculated by the equation:

         (6)

The temperature distribution in the position of the seed axis was calculated by the equation:

         (7)

The temperature distribution at the center position of the seeds was calculated by the equation:
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         (8)

The temperature distribution of the simulation results as a function of the three-dimensional position of r, ?, and ?
which can be calculated by the equation:

The solution of equation (9) was to use the Trapezoidal Rule method as follows.

    (10)

Sample preparation and equipment

Passion fruit seeds used in the study was obtained from the purple passion fruit. The fruit was cut in half and the seeds are
separated from the meat using a pulpier siever. Furthermore, passion fruit seeds were washed with water to remove the
remnants of the pulp. Passion fruit seeds are drained and stored at room temperature to wait for the next process.

The equipment used was a circulated air tray type dryer with a heat source obtained from a 300 Watt electric stove (Figure
4). The main parts of the dryer include drying chamber, drying tray, electric stove, blower, and exhaust. Each component is
made using industry-standard construction. The support frame is made of galvanized type iron box measuring 2.5 x 2.5 cm
so that it can withstand the burden of dried material. Overall dimensions of the dryer were 100 cm long, 80 cm wide, 150 cm
high, and the wheel height from the ground to the tool was 10 cm.

The inner drying chamber was insulated to reduce heat loss so that the hot air inside the drying chamber can be optimally
optimized for drying. Inside the drying chamber, there were 5 shelves arranged vertically with a distance of 20 cm between
the shelves to collect the dried material. The tray was made of stainless steel wire framed by wood. The electric stove is
located at the bottom right side of the drying chamber. At the right end of the stove, there was a blower to encourage and
circulate air in the drying chamber.



11/24/21, 7:51 PM Article Request Page

https://elibrary.asabe.org/azdez.asp?search=1&JID=3&AID=52810&CID=t0000&v=0&i=0&T=1&urlRedirect= 7/13

Figure 4. Sketch of a circulating air tray dryer type.

Sample drying

Drying passion fruit seeds was done by placing the seeds on a tray. The drying process used a temperature of 70 °C and an
air flow velocity of 0.2 m/s. The hot air from the electric stove was used to dry the samples in trays. Some of the air was
expelled through the exhaust valve and some was recirculated through the heater and then returned to the drying chamber. To
reduce heat loss to the environment, all parts of the drying chamber are insulated. The drying duration was calculated when
the temperature in the drying chamber reaches 70 °C for up to 7 hours. The temperature in the drying chamber and the
environment were measured by a thermocouple.

Measurement of seed temperature distribution

Seed temperature distribution data during drying is measured using a data logger. The temperature sensor was installed in
one of the passion fruit seeds in each drying chamber by placing the tip of the thermocouple in the surface position and the
center of the seeds. This measurement was repeated with 5 replications.

Data validation test

Data validation test used regression analysis by comparing predictive data obtained from the numerical analysis using FEM
results with observation data generated from measurements in the drying chamber. The relationship between predictive data
and observational data can be seen from the coefficient of determination (R2). If the value of R2 approaches the number one
it means that there was a close relationship (Ansar et al., 2020).

RESULTS AND DISCUSSION

Temperature distribution in the drying chamber

The measurement results of temperature distribution from time to time during the drying of passion fruit showed that the
temperature distribution on each tray had different values (Figure 5). As the drying time increases, the material temperature
also increases. The highest temperature for the seeds on tray 1 reached 45.16 °C achieved for 6 hours. This is presumably
because the bottom tray gets the most heat from the electric stove, so the average temperature on the bottom tray is higher
than the other trays. While the average temperature on the tray no. 2, 3, 4, and 5 were 42.33, 41.45, 40.75, and 39.43 °C,
respectively.
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Figure 5. Temperature distribution on each tray during the drying of passion fruit seeds.

In general, the drying of the tray type in this study only takes 7 hours to reduce the water content from 21% to 14.15%. This
drying time is shorter when compared to the method of sun-drying which requires 10-11 hours (Shavazi et al., 2020). These
results were in agreement with these reported by Bahadur et al. (2019) that direct drying in the sun was slower than artificial
drying.

Uneven airflow velocity can cause uneven temperature distribution. The higher the airflow velocity, more even temperature
distribution in the drying chamber. This means that the speed of airflow in the drying medium can function as a catalyst so
that the temperature distribution of the seeds is also faster. The results of study by Ozakina & Kaya (2019) also reported that
airflow velocity can cause a high-temperature distribution, so that the temperature distribution in the seeds was also getting
bigger.

Temperature distribution in seeds

Three-dimensional temperature distributionin the passion fruit seeds during drying is shown in Figure 6. In the figure, it
appears that in the first hour there was a very rapid increase and began to fall in the second hour until towards the end of
drying. Temperature distribution in the passion fruit seeds occurs because of differences in temperature and heat energy
arising during drying. The same thing has been expressed by Serrano et al. (2015) that the temperature distribution of
materials is strongly influenced by the coefficient of displacement of the conduction pad and the thermal diffusivity of the
material.

Figure 6. Three-dimensional temperature distribution in the passion fruit seeds.

Three-dimensional temperature distribution of passion fruit seeds spreads from the surface of the seeds toward the center of
the axis slowly until evenly distributed to all parts of the seeds. Furthermore, the temperature is distributed with an even
distribution pattern in the determined boundary plane. This temperature distribution pattern follows an elliptic pattern.
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Numerical analysis for predicting 3-dimensional temperature distribution are very important when information is still limited
about ideal conditions during the drying process. This developed model can accurately predict the temperature distribution in
various positions of passion fruit seeds during the drying process. In the same case, Xiao et al. (2020) have explained that the
modified numerical analysis can accurately predict the percentage of germination at various temperatures in seeds with a
value of R2 = 0.810.

Another phenomenon that can be revealed is that the temperature distribution occurs simultaneously in all directions of the
three-dimensional axis of the seeds. The more inward (r direction), the smaller the temperature distribution, which is almost
the same as the ambient temperature. Whereas the vertical direction (?) and horizontal direction (?) also have the same
pattern, namely the smaller the distribution. This is following the results of the simulation program, which is for parts of the
position that are closer to the sides given an initial value of T0 = 29.5 °C, then the temperature approaches the limit value.
Whereas the position on the surface that receives the dryer temperature earlier has a higher temperature distribution. The
same phenomenon has been reported by Fecher et al. (2014) that temperature distribution is caused by energy transfer that
occurs due to temperature differences. This energy cannot be observed directly, but the direction of its displacement can be
calculated using numerical analysis (Vogta et al., 2015).

Figure 7. Prediction and observation data of temperature distribution during drying.

There is a difference between the predicted temperature distribution and the observation result (Figure 7). The prediction
temperature distribution is always higher than the observation temperature but has the same tendency. This difference is
caused by the thermal conductivity value (k) used for simulation data slightly greater than the thermal conductivity value of
passion fruit seeds. This is in line with the results of the study Reed et al. (2018) which reported that the higher the thermal
conductivity value of the material, the faster the temperature propagation occurs.

Model validation

The validation of the air temperature distribution model was done by comparing the observation of the temperature
distribution of the measurement results in the drying chamber with the prediction data of the FEM simulation results. The
results of temperature distribution measurements in the drying chamber tend to follow the temperature distribution pattern of
the simulation results with a low error. The highest error value occurred in the vertical position of 0.45%, then the horizontal
position and the axis of the radius of 1.27 and 2.23%, respectively (Figure 8).
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Figure 8. Validation of prediction and observation data of temperature distribution during drying.

The results of the analysis of variance showed that there were no significant differences between predicted and observation
data. The temperature distribution data observations have the same pattern as the prediction data. Despite that, it is still found
differences that are suspected due to the influence of the level of sensitivity of the sensor used, but the error data was still
within reasonable limits. Another factor that is thought to cause differences is the effect of initial temperature variations
which are not taken into account in compiling a numerical analysis using FEM approach. But the difference only appears if
the initial temperature was higher than the ambient temperature. Therefore, the higher the initial temperature, the higher the
difference between prediction and simulation data. Similar results were also expressed by Khurana & Karwe (2009) that the
simulation results differ from the predicted results when the initial temperature is higher than the ambient temperature. Thus,
the results of this study can be used as a basis for further research.

The results of the analysis of variance show that there was a close relationship between the observed temperature distribution
data and the predicted data from the numerical analysis simulation results indicated by the termination coefficient value (R2)
which is 0.8786 (Figure 8). Thus, this numerical analysis using FEM was valid and can be used as a system representation in
analyzing the temperature distribution of grains during drying. In line with the results of these studies Moreno et al., (2017)
also reported that numerical analysis using FEM can produce accurate and valid temperature distribution prediction data and
can be scientifically justified.

CONCLUSIONS

The temperature distribution in the passion fruit seeds occurs because of differences in temperature and heat energy
arising during drying. This temperature distribution occurs simultaneously in all directions of the three-dimensional
axis of the seeds. The deeper (direction r) the temperature distribution gets smaller. The same pattern also occurs in the
vertical direction (?) and horizontal direction (?). The results of this study can be used to design dryers for grains. To
improve this research, it is necessary to add blower power to provide faster air circulation.
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