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Abstract 

 

The drying process for “corozo” (Bactris guineensis) is performed in order to 

establish the values for variables such as temperature and time, while producing 

adequate dehydration of this type of fruit. Two temperatures values were used, 50°C 

and 70°C, and a gravimetric procedure was used, with a mass baseline of 100 g, 

with ripe fruit. The time interval used for data collection was 5 minutes. Tests were 

also performed to determine the water mass diffusivity inside the fruit considering 

the same temperature range of the main experiment. A computational validation 

was also done for the drying process through a computational fluid dynamics (CFD) 

analysis from the physical properties of the established biomass together with the 

process conditions, using the mass and energy conservation models and continuity 

in porous media. A very similar performance was obtained between experimental 

tests and computational simulation, reduction of the drying time by 40% for a 

temperature of 70 °C when compared to 50 °C. 
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1 Introduction 
 

       In the Colombian Caribbean region, as well as in South American tropics,  
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various types of vegetables and fruits are produced, such as corozo (Bactris 

guineensis). This and other plants used to prepare food such as juices, and alcoholic 

beverages such as wine, which have a high commercial potential Sequeda et al. [1]. 

The production, quality and applications of this fruit is limited to its harvest season, 

during which its abundance compared to its consumption causes large amounts to 

be wasted due to the organic decomposition and the action of bacteria and fungi. 

One of the methods for the conservation for subsequent use as food or agroindustrial 

product of these types of biomass for obtaining biofuels is dehydration by drying. 

Drying is a non-chemical method, which does not add substances to the material 

and plant for its storage and does not affect its nutritional properties V.P. 

Oikonomopoulou et al. [2]. There is a lot of interesting biomass produced in the 

tropics the South American region for its nutritional properties Naknaen P. [3], 

antioxidants contents and great potential. As a biomass, corozo (Bactris guineensis) 

is a red fruit from the same family as blueberries and cherries, which have been 

researched to determine the most significant factors in drying Ozgen F. [4]. The 

research on drying has had two major divisions; in the first place, the research on 

the drying from an analytical point in order to obtain mathematical models of 

humidity loss Garcia-Alvarado et al. [5]. And other important properties such as 

mass diffusivity Louise E, et al [6] approximate the form of the biomass to geometry 

such as cylinders, spheres and hemispheres Torrez Irigoyen et al. [7], thus obtaining 

linear and exponential models with high adjustment. Moreover, computational 

modeling has been a method used to study the behavior as a validation of the 

experimental characterization of the processes, which is why researchers such as A. 

Erriguible et al. [8-11] did a simulation through the CFD tool to model water 

evaporation in porous media using the convective mechanism and developing the 

Navier-Stokes equations, obtaining the behaviors of pressure, temperature, mass 

flow and heat when using the drying models by convection in porous media.  

 

2 Materials and Methods 
 

       A polyurethane insulated furnace was used in order to reduce heat loss and to 

maintain a stable temperature during tests. A type J thermocouple was used along 

with a PID temperature controller, to ensure a smooth response to temperature 

changes. The fan and heat resistance were selected at 110V, their design 

architecture was modular to facilitate changes in the testing and adjustments. The 

accuracy of the equipment is approximately 1°C, air velocity is 8 m/s, the internal 

volume of the furnace is approximately 1 ft3, the selected working temperatures 

were 50°C and 70°C, the relative humidity of the testing site was 76%, the sample 

collection times were 5 minutes during the first hour of testing, 10 minutes in the 

next hours, and 15 minutes during the final hour. A precision digital analytical 

balance was used with 3 significant figures with an approximate error of +/- 0.001 

g. 100 g base masses were taken as bases. The Corozo is close to a spherical shape, 

with a diameter between 15 and 20 mm. The whole fruit was used for testing.  

Preliminary tests were performed to determine the mass diffusivity experimentally, 

taken the same mass and temperature that those for the drying curse as a base.  
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The furnace and instrumentation used for testing is shown in Fig 1. 

 

 
 

Fig 1. Drying furnace and control components 

 

2.1 Modeling through Finite Elements 

 

       One modeling was performed through finite elements of the drying process 

which was carried out experimentally, where the following equations were used to 

define the models that are implemented for the numerical solution [11].  

 

Energy conservation equation: 

 
𝜕

𝜕𝑡
(𝜌𝐸) + ∇. (�⃗�(𝜌𝐸 + 𝑝)) = −∇. (𝑘𝑒𝑓𝑓∇𝑇 − ∑ ℎ𝑗𝐽𝑗𝑗 + (𝜏�̿�𝑓𝑓�⃗�))                        (1) 

 

      Where E stands for the mechanical and thermal energies of the process, the 

terms on the right correspond to the heat transfer by conduction, the diffusion flow 

of species j, and the viscous dissipation respectively. By using porous media, the 

energy equation is expressed in term of the porous medium as shown below.  

 
𝜕

𝜕𝑡
(𝛾𝜌𝑓𝐸𝑓 + (1 − 𝛾)𝜌𝑠𝐸𝑠) + ∇. (�⃗�(𝜌𝑓𝐸𝑓 + 𝑝)) = 𝑆𝑓

ℎ − ∇. (𝑘𝑒𝑓𝑓∇𝑇 − ∑ ℎ𝑖𝐽𝑖𝑖 +

(𝜏̿�⃗�))                                                                                                                       (2) 

 

       Where terms with subindex 𝑓 refer to the fluid agents that pass through the 

porous medium and the terms subindex 𝑠 relate to the solid material forming the 

porous medium. The variable 𝛾 is the porosity of the porous medium. 

 

       The resistance parameters are defined through the porous medium by 

calculating the values of viscous resistance 1/𝑎 and the inertial resistance 𝐶2. The 

variables that depend on particle diameter 𝐷𝑝 of the substance passing through the 

porous medium as well as the porosity value 𝜀 of the solid as shown in equations 

(3, 4) [11]. 
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𝐷𝑝

2

150

𝜀3

(1−𝜀)2                                                                         (3) 

 

𝐶2 =
3.5

𝐷𝑝

(1−𝜀)

𝜀3
                                                                         (4) 

 

       For the thermodynamic conditions at the phase change of the substance 

contained inside the porous medium, the equations for state change are stated. 

 
𝜕

𝜕𝑡
(𝑎𝑉𝜌𝑉) + ∇. (𝑎𝑉𝜌𝑉 �⃗⃗�𝑉) = �̇�𝑙𝑉 − �̇�𝑉𝑙                                                          (5) 

 

       Where 𝑎𝑉 is the vapor volume fraction, 𝜌𝑉 is the vapor density, �⃗⃗�𝑉 is the 

velocity of vapor and the terms �̇�𝑙𝑉 , �̇�𝑉𝑙 are the mass flow per unit of volume due 

to evaporation and condensation of the substance. 
 

2.2 Numerical Solution   

 

       A modeling is performed using finite elements for the mass transfer operation, 

considering the drying kinetics of the biomass under study. This biomass is dryed 

using a forced convection furnace. Having obtained the specific geometry to be 

modeled, a tetragonal hybrid volumetric mesh is generated as shown in Fig 2. The 

hybridized mesh is required to accommodate the geometry changes that do not 

allow structured grids. 

 

 
 

Fig 2. System volumetric mesh 

        

 

3 Results 
 

       From the experimental study, the characteristic curves were obtained for 

humidity removal, and the experimental mass transfer coefficients. These results 

were compared with the results obtained in the numerical modeling for validation.  

Fig 3 shows the behavior obtained, both experimentally and modeled, for the drying 

curves of the biomass when two temperatures were used.  
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Fig 3. Experimental drying curves and through finite elements 

 

 

       Good performance was observed for humidity removal from the biomass, with 

a high rate for the first 20 minutes.  An equilibrium humidity value of 0.40 was 

reached for 70°C and 360 minutes, while 0.49 was reached for 50°C and 600 

minutes. When the fruit was dried using air at 70°C, it did not present any bacteria 

or fungi activity, while the fruit that was dried using air at 50°C showed the presence 

of fungi within a few days after the tests. Other authors have determined the 

improvements in the time saving percentage, Mohan et al [12] having similar results 

of 40%. The effective mass diffusivity presents a decreasing exponential behavior 

with time, having an average of 4.9257 E-8 m2/s at 50°C and 6.4445 E-8 m2/s at 

70°C. Table 1 shows the mathematical models obtained from the drying curves 

presented in Fig 3. 

 

 

Temp Exp. Mass fraction FE. Mass fraction 

50°C Fr M = 1.0021e-0.001 t Fr M = -4E-09 t3 + 5E-06 t2 - 

0.0024 t + 0.9812 

70°C Fr M = 6E-06 t2 - 0.0037 t + 1.0084 Fr M = 0.9491e-0.002 t 

 

Table 1. Mathematical modeling of drying curves 

 

 

       The velocity of the drying agent, velocity vectors of the drying agent, volume 

fraction for humidity content of the biomass in terms of time, are shown from the 

results obtained in the numerical modeling, from which the velocity profiles are 

obtained, as shown in Fig 4, 5. 
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Fig 4. Velocity profile of the drying agent 

 

       Fig 4 shows air movement inside the furnace when the fan velocity is taken to 

3000 rpm. The velocity vectors show higher velocity over the biomass located 

closest to the fan Furthermore, it is also noticed that away from the discharge 

centerline, the velocity is close to zero, and because of that the heat and mass 

transfer process must be governed natural convection. 

 

 
Fig 5. Velocity vectors through biomass material 

 

       Fig 5 shows a good movement of the air in the front part of the bed, generating 

a higher speed in this area, ranging between 1.7 to 1.5 m/s. Nevertheless, because 

of the confinement of the air moving across the fruits, the air moves away from the 

bed creating a low velocity area at the back of the bed, and the velocity drops to 

values close to zero. 

 

       The humidity loss is obtained for the transient process, and it is shown in Fig 

6. It is noticed that the temperature loss is not constant across the material, and this 

is because of the velocity distribution around the body, which controls the mass 

transfer process. It is also noticed that the there is a volume change in the biomass 

due to the humidity loss. An expected behavior was found in the drying within the 

biomass, where the center has the largest concentration or fraction with the passing 

of time. 
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Fig 6. Humidity content within biomass 

 

4 Conclusions 
 

       Experimental drying tests were carried out for corozo Bactris guineensis, 

obtaining good results for long-term conservation of this fruit when drying air at 

70°C is used. This results could be used for industrial scale drying. The results 

attained are validated when compared to previous research that show similar 

behavior, for both, experimental and CFD simulation.  It is considered that the 

variations between the experiments and the CFD simulation results can be 

explained by the insulation created by the change of porosity and mass diffusion in 

the rind of the corozo fruit. 

 

       Furthermore it is noted that experimental drying time at 70°C reduces 40% 

when compared to results obtained at 50°C. The mass diffusivity had an increase of 

23% from 50°C to 70°C.  

 

       Through the simulation, it was observed that the internal elements of the 

furnace, fan and resistance, meet with the objective of moving and heating air, but 

there are still stagnation areas, turbulence and high velocity points. These areas are 

close to the fan and where the air changes direction. 
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