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ABSTRACT:The removal or reduction of moisture from a grain most often having moisture content of around 20% 
during harvesting reduced to a target moisture content of below 6% helps in preserving the grain after post-harvest. 
There exist several methods from direct sun drying to mechanically injecting heat and air to induce forced convection, 
this research therefore looks at forced convection drying as we can control the rate of drying and the resultant moisture, 
Corn kernels is  widely consumed in Africa and the subject in this study [6]. 
Solar evacuated produce heated air at 60℃ that is passed through a layer of grain, through heat and mass transfer the 
grain dry’s as it loses moisture. This paper will in the initials finding concentrate in determining the optimal grain layer 
thickness, flow velocity and air mass flow rate for 100kg of wet grain. [2] 
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I. INTRODUCTION 
 
Post-harvest processing of food in especially developing countries where agriculture is a major source of income is of 
great importance as it aims to reduce post-harvest losses due to pest infestation and rotting. Wet grain are most likely to 
rot and therefore the primary objective is to reduce the grain moisture content to below 6% that cannot sustain 
germination or rotting. [1] 
Air mass flow and pressure loss in porous or packed bed media is described by Ergun equation. The equation tells us 
the pressure drop along the length of the packed bed given some fluid velocity, it also tells us that the pressure drop 
depends on the packing size, length of bed, fluid viscosity and fluid density. [4] 
 
훥푝
퐿 =

150휇(1− 훽) 푈
훽 푑 +

1.75(1− 훽) 휌푢
훽 푑 … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . .1 

 
We will assume all the grains are of the same diameter 5mm and the fluid density is constant 
 
System Setup 
 
From the experimental set up below grain is packed in a square cabinet grain diameter for initial calculation is taken to 
be 5mm however parametric sweep analysis will be performed to determine pressure drop with varying grain diameter 
thereby the effect of porosity on pressure drop. 
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The superficial velocity, Void fraction and Effective particle diameter are calculated as in the equations below 
 

푢 =
푄
퐴 =

푚 휌
퐴 … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . … … … … . . … … 2 

 
A is the area calculated based on the dimensions in the figure 1 above  
 

푎 =
푇표푡푎푙	퐸푥푡푒푟푛푎푙	푆푢푟푓푎푐푒	푎푟푒푎	표푓	푃푎푟푡푖푐푙푒	

푉표푙푢푚푒	표푓	푃푎푟푡푖푐푙푒	 … … … … … … … … … … … … … … … … … … … … … … … … … … … . … 3 

 

ε	(	void	voulme) =
푉표푙푢푚푒	표푓	퐷푢푐푡 − 푉표푙푢푚푒	표푓	푎푙푙	푝푎푟푡푖푐푙푒	

푉표푙푢푚푒	표푓	푑푢푐푡 … … … … … … … … … … … … … … … … … . . … . … … . .4 

 

  
(Figure 3 Solid works model of the Dryer Arrangement) 

 

  
(Figure 1Top View of Packed Grain layer) (Figure 2 Side View Showing Air Mass flow Inlet and Outlet) 
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II. CONTROL PARAMETERS  AND SETUP 
 
Table 1 Input Parameters 

Input parameters 
Velocity 0.1m/s 
Porosity 0.5 
Grain layer height 100mm 
Void space height between layers 100mm 
Physics Darcy law with gravity consideration / Eurguneqn 
Walls  Non slip condition considered  
Exit Suction Fan  
 
Darcy equation was selected in Comsol Multiphysics and the two domain materials set as air domain having porosity of 
one and solid porous domain to represent the grain, with a porosity of 0.5. Ten grain layers with height of 100mm each 
with total grain mass of 20kg 
It is important to consider gravitational pull effects as the grain container is vertical with the flow blowing upwards 
hence affecting Darcy velocity.  
 
In addition to simulation fluid flow through porous media, heat transfer in fluids is also considered. This study 
considers steady state analysis and therefore assumes constant inlet heat of 60℃ from the evacuated solar tubes. 
Since the experiment is symmetrical about the centre plane 2D simulation is considered with sections of the evacuated 
tube and the cone above the housing omitted to save on computer simulation memory. 
 
 

 

 

(Figure 4a Symmetrical plane of the Experimental layout) (Figure 4b Simplified simulation model of the housing) 
 

III. SIMULATION RESULTS  
 
Figure 5a below gives the results of pressure changes with increasing porosity, porosity of 0.5, 0.6 and 0.7 are 
considered here to emulate grains diameters of different sizes 
All the three graph follow a similar trend and in agreement with theory where pressure gradually reduces as the number 
of grain layers increase. A very interesting observation was also made the gaps between the three graphs reduces as the 
inlet velocity increase 
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(Figure 5a Pressure Drop along the grain layer) (Figure 5b Porosity and Darcy Velocity) 
 
Figure 5b shows two curves pressure reducing curve with increasing grain layer from 0 to 2000mm and the ascending 
curve shows the Darcy velocity increasing towards the top with the suction fan. The 2 curves intersect at a height of 
600mm(3 layers) having Darcy velocity of 0.9 m/s. this is the optimal design point for the flow input parameters, it is 
therefore necessary to increase the flow velocity or the fan suction pressure for us to get an optimal point for all the 10 
layers 

 
(Figure 6Pressure Drop curves along the grain layer with changing porosity) 

 
Figure 6 gives the pressure at the entry, for porosity values of 0.5, 0.6 and 0.7 respectively the exit pressures giving the 
pressure drop for all the 3 cases to be 0.13, 0.14 and 0.13 as summarized in table 2 below. 
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Table 2 Pressure Drop 

Porosity  % Inlet Pressure Pascal Outlet Pressure Pascal ∆푃		Pressure loss 
0.5 2.15 × 10  2.02 × 10  0.13 
0.6 2.19 × 10  2.05 × 10  0.14 
0.7 2.23 × 10  2.10 × 10  0.13 

 
Table 2. Summarizes the inlet and derived pressures with the grain holding container and gives the pressure drop for all 
the three cases considered at porosity 0.5, 0.6 and 0.7 respectively 
 

 
 

(Figure 7aViscous Dissipation) (Figure 7b Viscous Dissipation) 
 
Drying requires both relative air flow already established above and heat. It is necessary therefore to determine how 
heat dissipates through the grain layers as can be seen in fig 7a. The greatest indication to this is by looking at the 
viscous dissipation in 푊/푀 the heat values are indicated in figure 7b for each layer this value to calculate the amount 
of heat required and therefore possible to order the required solar evacuated vacuum tube 

IV. CONCLUSION  
 
The analysis looked at fluid flow through porous grain bed with porosities of 0.5, 0.6 and 0.7 respectively, flow 
penetration was positively observed through the grain layers with total pressure drop of 0.13 and 0.14 for different 
porosity settings. 
The results also established the optimal Darcy velocity through the layers, with the velocity and the area known it is 
possibly to calculate the air mass flow helpful to choose an appropriate suction fan for the intended volume to be dried. 
Viscous dissipation results also give the amount of heat required to penetrate the grains and remove the moisture 
content  
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