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Abstract 
Geothermal energy can be effectively utilized for grain drying to reduce car-
bon emissions and also cut operational costs associated with conventional 
methods. The main challenges encountered in the use of the geothermal grain 
dryer, such as in Menengai, Kenya, include uneven grain drying and long 
throughput times. Grains near the hot air inlet dry at a faster rate compared 
to those near the exhaust end. Therefore, the grains must be recirculated 
within the dryer to achieve uniform moisture distribution. Grain recircula-
tion is energy-intensive as it utilizes electricity running the elevator motors in 
addition to the suction pump. A Computational Fluid Dynamics (CFD) mod-
el was developed to study the airflow pattern and its impact on drying of ma-
ize. The model was simulated in ANSYS 21 and validated using experimental 
data. Finite volume discretization method was employed for meshing. Pres-
sure-based segregated solver was used in the Computational Fluid Dynamics 
(CFD) simulation. Also, K-Omega turbulent model was used for enhancing 
wall treatment. The findings indicate that non-uniform hot air distribution 
across the grain buffer section causes uneven drying. Introducing filleted 
flow-guides results in a relatively uniform velocity, temperature, and turbu-
lence kinetic energy distribution across the dryer. The average velocity and 
temperature magnitudes in lower compartments increased by 153.3% and 
0.25% respectively for the improved dryer. In the upper compartments, the 
velocity and temperature increase were 176.5% and 0.22% respectively. 
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1. Introduction 

Grain drying is one of the viable direct geothermal uses in Kenya as agriculture 
is the backbone of the country’s economy. However, geothermal grain drying in 
the country is not fully developed due to financial, technical, and infrastructural 
challenges. In 2019, the Geothermal Development Company (GDC) installed a 
pilot scale, batch type grain dryer in Menengai Well 3 [1]. The drying energy is 
provided by geothermal fluids through a heat exchange process with fresh water. 
The suction fan blows ambient air through the heated fresh water tubing to the 
grain dryer. Hot air is then pumped into the dryer at a temperature of between 
45˚C to 55˚C [2]. The dryer has four compartments with evenly spaced fins that 
guide air flow through the grains. However, the main operational challenges en-
countered include long throughput times and uneven grain drying. This entails 
recirculating the grains within the dryer to achieve uniform moisture content. 
The need for grain recirculation to resolve uneven drying increases throughput 
time and power consumed by auxiliary equipment such as elevator motor, suc-
tion pump, and hot air pump. 

The use of geothermal energy for grain drying is relatively cheaper than other 
conventional means such as fossil fuels and electricity [3]. However, direct geo-
thermal use in grain drying is not fully developed. Only 22.4 MW out of 10,000 
MW is utilized in the agricultural sector [4]. Operational and infrastructural 
challenges impede the use of geothermal energy for grain drying in Kenya. Also, 
geothermal grain drying efficiency is considerably low and ranges between 25 
and 50% [3]. Geothermal grain dryers utilize low to medium enthalpy brine that 
may not be viable for electricity generation [5]. 

Several studies have been conducted on efficient utilization of geothermal 
energy for grain drying. According to Abdullah and Gunadnya [6], humidity, 
temperature, air flow, and equipment design are the primary parameters that in-
fluence the rate of grain drying. Increase in the rate of air flow improves drying 
efficiency [6]. While brine can be effectively used for drying, the operational ef-
ficiency depends on drying temperature and air flow rates [7]. Low temperature 
and velocity distribution increases the throughput time and operational costs. 
Other factors that impact drying rate include grain depth, exposure time, relative 
humidity, initial moisture content, and grain size. The turbulent intensity may 
also influence grain drying rate. Studies show that when the turbulence intensity 
is high, then the air flow rate does not affect the rate of wheat drying. However, 
air flow rate has a significant impact on the efficiency of maize and rice drying 
[7]. 

Studies on “reducing energy use in grain dryers” illustrate a design of a heat 
recovery system to improve operational efficiency [8]. Based on the preliminary 
investigations, it was estimated that a grain dryer wastes over 40 percent of its 
energy to the environment. By reusing and reducing waste heat, the operational 
costs would reduce by 40 percent [8]. The study recommended grain cooling 
through dehydration or in-bin cooling, use of efficient dryer, and reclaiming heat 
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from the dryer exhaust air [8]. Given that the fun has the highest exergy destruc-
tion in a grain drier, recirculating exhaust air significantly reduces energy loss to 
the environment [9]. 

Conventional grain drying has the disadvantage of significant environmental 
pollution and high energy consumption [10]. Investigations show that the ener-
gy consumed in drying is higher than the energy usage in producing agricultural 
products [11] [17]. Coal and other non-renewable energy sources are primarily 
used for grain drying, thereby causing heavy pollution [10]. Continuous hot air 
drying used in conventional systems has low efficiency and long throughput 
times [12]. Also, significant energy is wasted along with the expelled humid and 
warm air [13]. A two-stage supply of hot air in the dryer improves the overall 
operational efficiency [10]. Other studies indicate that a closed-loop heat pump 
has a higher drying efficiency than the conventional dryers [14]. 

The source of drying energy has an impact on operational efficiency. The use 
of Liquefied Petroleum Gas dryers result in 6.14% energy savings compared to 
the conventional hard coal [15]. A wide range of energy sources such as solar, 
biomass, and fuel gases have been investigated for enhanced energy savings and 
reduced emissions. Use of clean electrical energy and recirculation of exhaust air 
improves energy savings while also cutting operational costs [16] [17]. 

The reviewed literature provides insights on the factors that influence grain 
drying. They also recommend ways of improving grain drying efficiency. Howev-
er, the literature does not provide solution to uneven grain drying. Also, the option 
of recirculating exhaust air may not be viable for batch type driers. The exhaust air 
has high humidity and would increase moisture content in the grains. 

A CFD model was developed to study the effect of geometry modification on 
air flow distribution through the dryer and simulated in ANSYS Fluent. An im-
proved geometry with flow-guides at the inlet section for directing hot air dis-
tribution in each compartment was modelled. Air flow parameters such as ve-
locity, temperature, and turbulence kinetic energy were monitored in the model. 
The objective of the modification was to improve drying efficiency by increasing 
the turbulence kinetic energy, temperature, and velocity distribution throughout 
the dryer. The air flow distribution for the modified model was then compared 
with the current design. The CFD simulation results show that incorporating air 
flow-guides in each compartment increases temperature, velocity, and turbu-
lence kinetic energy distribution throughout the dryer. 

2. Materials and Methods 
2.1. The Geothermal Grain Dryer in Menengai 

The dryer is located at Menengai GDC station, and utilizes thermal energy from 
Menengai well 12 (MW-12) and has a maximum handling capacity of 6 tones 
[1]. Figure 1 shows the main operational parts which include the heat supply 
system, dryer, storage bin, wet bin, and elevator motors. 

The elevator motor loads the wet grains to the dryer, through the dryer chute. 
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Brine is supplied to a heat exchanger at a temperature of 90˚C and leaves at 76˚C 
[2]. Hot geothermal water provides the thermal energy that heats fresh water 
from room temperature to 78˚C. The hot water is then supplied to the radiator 
at a temperature of between 78˚C and 55˚C [2]. Figure 2 below shows the heat 
exchange system between the brine and fresh water. 

 

 
Figure 1. Parts of the Geothermal grain dryer in Menengai [2]. 

 

 
Figure 2. Heat exchange between fresh water and brine. 
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A suction pump then blows ambient air through the hot water tubing to the 
dryer. The supplied hot air enters the grain buffer section in the drier through 
evenly spaced openings across the four compartments. After attaining the de-
sired moisture content, the dried grains are loaded to the storage bin. 

2.2. Data Acquisition and CFD Modelling 

This study entailed both ANSYS Fluent simulation and physical experiments to 
validate the model. Physical experiments were conducted to determine the ex-
tent of uneven grain drying and hot air distribution. A calibrated Moisture Ana-
lyzer, Serial No.0202777, superpoint, manufactured by Supertech Agroline Ltd, 
Denmark, was used to measure the moisture content (wet basis) in each com-
partment. Validated temperature-humidity meters, UT333, manufactured by 
Uni-Trend Technology, China, were used for measuring the temperature and 
relative humidity of air at the inlet and exhaust sections. 

The first experiment involved drying 2.7 tons of maize with initial moisture 
content of 21.1%. The grains were filled up to half of the third compartment. 
Grain drying parameters such as the hot air supply rate, temperature distribu-
tion, relative humidity, time, and grain moisture content were monitored 
throughout the experiment. The rate of air supply to the dryer was derived ana-
lytically based on the suction pump power ratings and the cross sectional area of 
the hot air inlet. The hot air was supplied at an average speed of 1 m/s and at a 
temperature of 50˚C. Grain drying began at 1:40 pm and moisture contents were 
measured after every 20 minutes. Due to uneven drying, grain recirculation be-
gan after two hours. The mixed grains were then sampled after every 20 minutes 
to measure the moisture content. The data was manually collected from the 
moisture analyzer and temperature-humidity meters. They were then tabulated 
and analyzed in Microsoft excel to determine the trends. 

The second experiment was conducted to determine temperature distribution 
across the dryer without loading grains. Temperature magnitude in all the four 
compartments and exhaust sections were recorded after every 10 minutes. The 
goal was to study air distribution in the dryer without the load and also to pro-
vide validation data. 

Detailed dimensions of the geothermal grain dryer were collected from physi-
cal measurements and then modeled in Autodesk Inventor. The study only fo-
cused on the dryer section and did not include the wet and storage bin as the 
goal was to model air flow in the grain buffer section. Figure 3 shows parts of 
the dryer geometry that was modeled in Autodesk Inventor. It has the air inlet 
and outlet sections and four compartments in the grain buffer section. 

The grain dryer has four compartments with evenly spaced fins that guide air 
flow through the dryer. Figure 4 shows the dimensions of the dryer, including 
the grain buffer section. The fins provide sufficient space for air to penetrate 
through the grains. Consequently, the design allows sufficient interaction be-
tween the grains and hot air, thereby improving drying efficiency. 
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Figure 3. Parts of the modeled dryer. 

2.3. CFD Modeling 

The 3D CAD geometry of the dryer was developed in Autodesk investor. It was 
then imported to ANSYS Fluent for flow modeling. Air flow through the dryer 
was modelled without incorporating the grains to determine the velocity, tem-
perature, and turbulence kinetic energy distribution across the dryer. Flow dis-
tribution was modeled under steady state conditions as mean flow parameters at 
the inlet and outlet compartments did not significantly change with time. The 
velocity, temperature, and turbulence kinetic energy distribution across the 
dryer were recorded in vectors and contours. 

https://doi.org/10.4236/wjet.2022.101004


L. Kulundu et al. 
 

 

DOI: 10.4236/wjet.2022.101004 65 World Journal of Engineering and Technology 
 

 
Figure 4. Dimensions of the current dryer in mm. 

2.4. Governing Equations 

Navier-strokes equations were used to solve the fluid flow problem in the 
ANSYS Fluent. They included three momentum, energy, and mass conservation 
shown in Equations (1) to (6) [18]. 

x-momentum, 
( ) ( ) ( ) Mx

uDu pu div uU
D

div grad
t t

u S
x

δ ρ δρ ρ
δ δ

µ+= += = +   (1) 

y-momentum, 
( ) ( ) ( ) My

vDv pv div vU
D

div grad
t t

v S
x

δ ρ δρ ρ
δ δ

µ+= += = +   (2) 
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z-momentum, 
( ) ( ) ( ) Mz

wDw pw div wU
D

div grad
t t

w S
x

δ ρ δρ ρ
δ δ

µ+= += = +   (3) 

Internal Energy, 
( ) ( ) ( ) ii pdivU div kgradT

i
div iU S

t
δ ρ

ρ
δ

= − + ++ = ∅+    (4) 

Mass Conservation, 
( ) ( ) Ddiv u

t Dt
δ ρ

ρ ρ
δ
∅ ∅

+ ∅ =             (5) 

The general transport equation solved through finite volume Computational 
Fluid Dynamics (CFD) program is; 

( ) ( ) ( )div U div S
t

grad
δ ρ

ρ
δ

γ ∅

∅
+ ∅ = ∅ +               (6) 

where, ρ = Density, U = Velocity term, γ = Diffusion constant, S = Source term, µ = 
Viscous stress constant, k = Grain drying constant, p = Pressure, ∅  = Viscous 
dissipation term that describes conservation of mechanical energy to heat [18]. 

2.4.1. Meshing and Solution Technique 
Finite volume method (FVM) was used to mesh the fluid domain in ANSYS 
Fluent. The method was selected as it conserves mass, momentum and energy 
even on coarse grids. The approach has a speed and memory advantage for 
source dominated flows, turbulent flows, and large fluid domains [18]. K-omega 
turbulence model was employed in the simulation for enhanced wall treatment. 
The energy, momentum, and mass conservation equations were solved using the 
pressure-based segregated solver. Segregated solution procedure was used as the 
Mach number was assumed to be small. In this approach, the momentum equa-
tions were first solved to determine u, v, and w velocities. Continuity (pres-
sure-correction) equations were then solved and the mass flow rate and pressure 
updated. The energy, turbulence, species, and other scalar equations were solved 
and then convergence tested. If the solution does not converge, the properties 
are updated and the solution procedure repeats. The iteration continued until 
when the solution converged. Hybrid initialization with 50 iterations was used to 
compute the solution. 

2.4.2. Boundary Conditions 
The boundary conditions were set based on the no-load experimental parame-
ters. The flow inlet temperature and velocity were set at 50˚C and 1 m/s respec-
tively. Pressure outlet boundary condition was used as the flow was assumed to 
be subsonic during initialization. The outlet was set at zero gauge pressure with 
backflow direction normal to boundary. Backflow parameters wee essential in 
case where the fluid flow reverses the direction. The walls were assumed to be 
stationary and modelled under no-slip shear conditions. The flow conditions 
and modeling parameters are indicated in Table 1. 

2.5. Grain Dryer Modification 

Given that the hot air was unevenly distributed across the grain buffer section,  
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Table 1. ANSYS Fluent modeling parameters. 

Flow conditions Modeling parameters 

Inlet 1 m/s, 50˚C 

Outlet Zero gauge pressure with backflow direction normal to boundary 

Wall treatment Stationary, no-slip shear condition 

Turbulence model k-Omega 

 
Table 2. Sizing parameters. 

Flow-guide Length (mm) Fillet (mm) 

Compartment 1 590 110 

Compartment 2 1130 110 

Compartment 3 1670 110 

Compartment 4 1810 500 

 
design modifications were conducted to determine its effect on flow distribution. 
Hot air flow-guides with filleted edges were introduced at the inlet section. The 
guides ensured that hot air was evenly distributed across the four compartments 
in the dryer. The filleted edges also enhanced fluid transition to the grain buffer 
section. A 500 m fillet reduced turbulence in the fourth compartment. Also, 110 
mm fillets were put in each of the other three flow-guides in compartments 3, 2, 
and 1. The sizing criteria were based on the need to equally divide the incoming 
hot air into the four compartments. Therefore, the flow guides were equally 
spaced at a distance of 137.5 mm. All the flow-guides began from the base of the 
first compartment and stretched to the end of the air inlet sections of each com-
partments. Table 2 indicates the sizing parameters for the improved dryer. Fig-
ure 5 shows the modifictions that were incoporated in the dryer to improve hot 
air flow distribution across the dryer. Figure 5(a) and Figure 5(b) shows the 
dimensions of the current and improved dryer respectively. 

2.6. Geometry of Fluid Domain in ANSYS Fluent 

The geometry of the fluid domain for the current and improved dryer is shown 
in Figure 6(a) and Figure 6(b) below, respectively. Figure 7 is the CFD model 
in the ANSYS Fluent domain. 

2.7. Mesh Sensitivity Test and Convergence Analysis 

Mesh sensitivity was conducted for the current dryer at 100 mm, 75 mm, 60 mm, 
and 50 mm. The convergence tolerance reduced with the decrease in mesh size. 
From 75 mm mesh size, there was insignificant change in temperature and velocity 
contours. However, computation time significantly increased as the mesh was re-
duced from 60 mm to 50 mm. The increase in computational time is attributed to 
the rise in the total number of nodes and elements as the mesh size reduced. 
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Figure 5. Dimensions of the current and improved dryer. (a) Dimensions of current dryer; (b) Dimensions of improved dryer 
 

 
Figure 6. Hot air flow across the dryer. (a) current dryer; (b) Improved dryer. 

 

 
Figure 7. The fluid domain of current and improved dryer. (a) Model of current dryer; (b) Model of improved dryer. 

https://doi.org/10.4236/wjet.2022.101004


L. Kulundu et al. 
 

 

DOI: 10.4236/wjet.2022.101004 69 World Journal of Engineering and Technology 
 

Figure 8(a) is the velocity and temperature contours as the mesh size was re-
duced from 100 mm to 75 mm. As the mesh size reduced, the convergence to-
lerance decreased from 2.899022e−04 to 6.329312e−06. The maximum temper-
ature remained 49.85˚C even with the reduction in mesh size. However, the 
minimum temperature reduced from 38.16˚C to 40.12˚C while the maximum 
velocity declined from 1.2 to 1.1 m/s. 

The temperature distribution contours remained relativly uncanged from 75 
mm to 50 mm Mesh size. There was a slight change in velocity contours from 
100 mm to 75 mm mesh size. However, the contours remained relatively un-
changed as the mesh size reduced from 60 mm to 50 mm. Given that the tem-
perature and velocity distributions were unchanged between 60 to 50 mm as 
shown in Figure 8(b), a further reduction in mesh size was not necessary. 
Therefore, a mesh size of 50 mm was considered for the simulation model. 

As the mesh size reduced from 100 mm to 75 mm, the maximum velocity 
slightl increased from 1.36 to 1.37 m/s as shown in Figure 9(a). The maximum 
temperature remained unchanged at 49.85. 

The temperature and velocity contours were gradually refined with the reduc-
tion in mesh from 100 mm to 50 mm. The convergence tolerance also reduced 
with the decrease in mesh size. However, the temperature and velocity contours 
did not significantly change as the mesh was reduced from 60 mm to 50 mm, 
Figure 9(b). Therefore, a mesh size of 50 mm was also considered for the im-
proved model. 

2.8. Mesh Sensitivity Results for the Improved Model 

Velocity magnitudes were sampled at the inlet, center, and outlet sections of the 
grain buffer section for 100 mm, 75 mm, 60 mm, and 50 mm mesh sizes. The 
results displayed in Table 3 and Figures 10(a)-(d), indicates that the velocity 
distribution did not significantly change as the mesh was reduced from 75 mm 
to 60 mm and then 50 mm. 

Based on the results, the maximum velocity deviation from 75 mm to 50 mm 
mesh was 0.05 m/s. The velocity distribution for 75 mm, 60 mm, and 50 mm 
were nearly the same. However, the time taken to solve the energy equations 
significantly increased with further reduction in mesh size. Therefore, a mesh 
size of 50 mm was considered for the CFD model. 

3. Results and Discussion 
3.1. Experimental Results 

The experimental results confirm the existence of uneven grain drying in the 
current geothermal dryer. Grains near the hot air inlet dry at a considerably 
higher rate that those near the exhaust section. Further, grains in the first com-
partment near the hot air inlet dried at a faster rate than those in the second 
and third compartments. The temperature at the inlet section ranged between 
51˚C and 50˚C and 44˚C to 41˚C in the exhaust section. Table 4 shows the  
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Figure 8. (a) Velocity and temeprature contours for 100 and 75 mm Mesh of the current dryer; (b) Ve-
locity and temeprature contours for 60 and 50 mm Mesh of the current dryer. 
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Figure 9. (a) Velocity and temeprature contours for 100 and 75 mm Mesh of the improved dryer; (b) 
Velocity and temeprature contours for 60 and 50 mm Mesh of the improved dryer. 
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Table 3. Velocity magnitudes at different mesh sizes. 

Compartment 
100 mm 75 mm 

inlet center outlet inlet center outlet 

1 0.92 0.58 0.49 0.97 1.00 0.59 

2 0.55 0.69 0.49 1.10 1.04 0.59 

3 0.72 0.62 0.45 1.06 0.99 0.51 

4 0.88 0.83 0.47 1.05 0.89 0.47 

 

Compartment 
60 mm 50 mm 

inlet center outlet inlet center outlet 

1 0.99 1.05 0.62 1.01 1.06 0.63 

2 1.10 1.03 0.61 1.08 1.03 0.61 

3 1.06 0.95 0.51 1.09 0.96 0.52 

4 1.07 0.91 0.51 1.07 0.94 0.52 

 
Table 4. Experiment 1: Grain drying. 

Time 

Temperature 
Relative 

Humidity RH (%) 
Moisture Content (%), in wet basis 

Inlet Exhaust Inlet Exhaust 

Inlet 
Compartments 

Outlet 
Compartments 

1 2 3 1 2 3 

1:40 50.1 44.0 20.0 27.2 21.1 21.1 21.1 21.1 21.1 21.1 

2:00 50.5 43.0 20.0 27.0 18.0 18.7 20.0 20.0 20.5 20.9 

2:20 50.3 41.0 20.0 30.0 17.5 18.4 19.8 19.5 20.3 20.6 

2:40 50.0 41.3 20.0 32.0 17.0 17.6 19.3 19.1 19.6 20.3 

3:00 50.0 41.1 20.1 32.0 16.4 18.0 20.3 18.5 19.4 20.3 

3:20 50.9 41.0 20.0 30.0 16.0 17.0 17.5 18.3 19.1 19.8 

3:40 51.0 41.0 20.0 30.0 15.6 17.0 17.5 17.8 19.0 19.5 

3:43 
Grain Recirculation (Elevator Motor on), circulating mixed grains  

sampled as they leave the dryer 

4:00 51.0 41.2 20.0 30.0 16.0 

4:20 50.8 41.0 20.0 30.0 15.9 

4:40 50.0 41.1 20.0 30.0 15.6 

5:00 50.0 41.1 20.1 30.0 15.5 

5:20 50.0 41.0 20.0 30.0 15.3 

5:40 50.0 41.0 20.0 30.0 16.5 

6:00 50.0 41.0 20.0 30.0 16.5 

6:10 50.0 41.0 20.3 30.0 16.5 
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Figure 10. Velocity distribution for different mesh size in the 4 compartments. (a) Veloc-
ity distribution for different mesh size in compartment 1; (b) Velocity distribution for 
different mesh size in compartment 2; (c) Velocity distribution for different mesh size in 
compartment 3; (d) Velocity distribution for different mesh size in compartment 4 

 
temperature distribution along with moisture content in the three compartments 
occupied with grains. 

After two hours of drying, the moisture content in compartment 1 near the 
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inlet section was 15.6% and 17.8%, wet basis in the exhaust section. Wettest 
grains had a moisture content of 19.5% and were in the third compartment, near 
the exhaust section. Grain recirculation was initiated to ensure uniform drying. 
However, the rate of moisture reduction during recirculation was considerably 
low. After 2 hours 30 minutes of simultaneous grain drying and recirculation, 
the moisture content reduced to 16.5%. Therefore, it took 4 hours 30 minutes to 
reduce the grain moisture content from 21.1% to 16.5% as shown in Figure 11 
below. 

Based on the data, temperature distribution varies slightly across the dryer. 
The hottest sections are located near the hot air inlet. Conversely, the sections 
near the exhaust have the lowest temperature. The drop in temperature is attri-
buted to losses along the walls of the dryer. 

The no-load experiment affirms that the air flow is statistically steady as the 
average flow features do not vary with time. Table 5 shows recorded tempera-
ture distribution at different points of the dryer. The temperature magnitudes at 
the inlet, exhaust, and 4 compartments did not significantly change with time. 
The temperature in the inlet compartments is considerably higher than that in 
the exhaust section. 

3.2. Model Validation 

The model was validated using no-load experimental results obtained from the 
current geothermal grain dryer in Menengai. The temperature distribution at the  

 

 
Figure 11. Grain drying curves for different compartments. 
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inlet and outlet sections obtained from experiments was compared with the An-
sys simulation results. Hot air entered the dryer at 50˚C, and at a velocity of 1 
m/s. The temperatures at the inlet and exhaust sections of the compartments 
were taken at steady state conditions. The results are shown in Table 6. 

Figure 12 compares the experimental temperature distribution with that of 
the simulation model. The average percentage error obtained by comparing the 
experiment with simulation results is −0.272. The small percentage error shows 
that the Ansys simulation model is a good representation of the geothermal 
grain dryer. The obtained temperature distribution can be corrected by adding 
0.272 to the displayed values. 

3.3. Simulation Results 
3.3.1. Simulation Results at Operating Inlet Conditions (T = 323 K (50˚C), 

V = 1 m/s) 
The contours below show velocity, temperature, and turbulence kinetic energy 
for the current and improved grain dryer. Velocity sensitivity was conducted at 
1.25, 1, and 0.75 m/s. Studies have shown that optimal grain drying takes place  

 
Table 5. Experiment 2: No-load experiment results. 

Time (Minutes) 0 10 20 30 40 50 Average 

Inlet 26.5 50.0 50.0 50.0 50.1 50.0 50.0 

Compartment 1, Inlet 26.5 49.5 49.6 49.6 49.5 49.7 49.6 

Compartment 2, Inlet 26.5 49.0 49.0 49.1 49.1 49.1 49.1 

Compartment 3, Inlet 26.5 49.2 49.2 49.2 49.2 29.2 49.2 

Compartment 4, Inlet 26.5 49.7 49.7 49.5 49.6 49.5 49.6 

Exhaust Section, upper end 26.5 48.0 48.1 48.0 48.0 48.0 48.0 

Exhaust section, lower end 26.5 48.3 48.3 48.4 48.4 48.4 48.4 

 
Table 6. Validation data. 

 

Temperature results 

%  
Error 

Average  
% error 

Ansys Model Experiment 

Temperature  
in K 

Temperature  
in ˚C 

Temperature  
in ˚C 

Inlet 323.0 50 50.0 0 0 

Compartment 1, Inlet 322.5 49.5 49.6 −0.202 

−0.272 

Compartment 2, Inlet 321.9 48.9 49.1 −0.407 

Compartment 3, Inlet 322.0 49 49.2 −0.407 

Compartment 4, Inlet 322.5 49.5 49.6 −0.202 

Exhaust Section, upper end 320.9 47.9 48.0 −0.208 

Exhaust section, lower end 321.3 48.3 48.4 −0.207 
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Figure 12. A graph of experiment versus simulation results. 

 
at a temperature of between 50˚C and 60˚C [6]. Therefore, temperature sensitiv-
ity was performed at 55˚C, 50˚C and 45˚C. The mesh sensitivity was tested at 
100, 75, 60, and 50 mm for both current and improved dryer. 

The Ansys simulations show that hot air is unevenly distributed across the 
current geothermal grain dryer. The velocity, temperature, and turbulence ki-
netic energy were higher in the inlet section compared to the exhaust end as 
shown in Figure 13(a), Figure 13(c), Figure 13(e), and Figure 13(g). There-
fore, grains near the hot air inlet dry at a faster rate than those in the outlet end. 
The velocity and temperature contours are fully distributed across the 1st and 4th 
compartments as shown in Figure 13(a) and Figure 13(e). However, the hot air 
flow is not fully distributed in the 2nd and 3rd compartments. Thus, grains in the 
first compartment dry at a relatively faster rate than those in the 2nd and 3rd 
compartments. 

The improved dryer had better flow distribution across the dryer. The veloci-
ty, temperature, and turbulence kinetic energy were evenly distributed as shown 
in Figure 13(b), Figure 13(d), Figure 13(f), and Figure 13(h) to ensure uni-
form grain drying. Introduction of flow guides at the inlet section ensured that 
hot air is pumped into each compartment at relatively same velocity. The filleted 
edges also minimized turbulence kinetic energy at the inlet section. Further, the 
hot air velocity and temperature magnitudes across all the four compartments in-
creased. Consequently, introducing the filleted flow-guides at the inlet could po-
tentially solve the problem of uneven grain drying and also increase drying rate. 

At an inlet temperature of 50˚C and velocity of 1 m/s, the simulation results 
show that the filleted flow guides improve hot air distribution through the grain 
buffer. Temperature and velocity contours are uniformly distributed from the 
inlet to the outlet sections of the improved dryer. The turbulence kinetic energy 
is also uniformly distributed in the improved dryer. 

3.3.2. Results When Inlet Temperature Is Increased to 328 K (55˚C) and 
Velocity Maintained at 1 m/s 

The results indicate significant improvements in velocity, temperature, and  
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Figure 13. (a) Velocity countours for current dryer; (b) Velocity countours for improved 
dryer; (c) Velocity vectors for current dryer; (d) Velocity vectors for improved dryer; (e) 
Temperature countours for current dryer; (f) Temperature countours for improved dryer; 
(g) Turbulence countours for current dryer; (h) Turbulence countours for improved dryer. 
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turbulence kinetic energy distribution when filleted flow guides are introduced 
in the dryer. The temperature is evenly distributed across the four compartments 
in the improved dryer as shown in Figure 14(f). In the current dryer, tempera-
ture and turbulence kinetic energy in the inlet section is higher than in the outlet 
end, Figure 14(e) and Figure 14(g). The filleted flow-guides in improved dryer 
ensure equal amount of hot air is distributed in the compartments. Consequent-
ly, the velocity, temperature, and turbulence kinetic energy are evenly distri-
buted in the improved dryer as shown in Figure 14(a), Figure 14(c), Figure 
14(f), and Figure 14(h). 

3.3.3. Results When Inlet Temperature Is Reduced to 318 K (45˚C) and 
Velocity Maintained at 1 m/s 

The current dryer still displayed uneven temperature, velocity, and turbulence 
kinetic energy distribution as shown in Figure 15(a), Figure 15(c), Figure 15(e), 
and Figure 15(g). However, hot air distribution is uniform for the improved 
dryer. The magnitude of velocity, temperature and turbulence kinetic energy 
distribution increases with the incorporation of filleted flow guides at the inlet 
section as shown in Figure 15(b), Figure 15(d), Figure 15(f), and Figure 15(h). 
Even when the temperature is reduced to 45˚C, turbulence and kinetic energy 
distribution are not significantly affected. The filleted flow guides ensure equal 
amount of hot air is distributed in the four compartments. However, tempera-
ture is unevenly distributed even for the improved dryer. Higher temperatures 
are recorded near the inlet section than in the outlet end. 

3.3.4. Results When Inlet Temperature Is Maintained at 50˚C (323 K) 
and Velocity Increased to 1.25 m/s 

The velocity, temperature, and turbulence kinetic energy is evenly distributed 
through the grain buffer for the improved dryer as shown in Figure 16(b), Fig-
ure 16(d), Figure 16(f), and Figure 16(h). However, his flow parameters were 
unevenly distributed in the current dryer as shown in Figure 16(a), Figure 
16(c), Figure 16(e), Figure 16(g). As velocity increases, temperature distribu-
tion across the compartments in the improved model becomes more even. A 
higher drying rate can be achieved with the increase in velocity. 

3.3.5. Results When Inlet Temperature Is Maintained at 50˚C (323 K) 
and Velocity Reduced to 0.75 m/s 

The improved grain dryer has relatively uniform temperature, velocity, and tur-
bulence kinetic energy distribution across the grain buffer section as shown in 
Figure 17(b), Figure 17(d), Figure 17(f), and Figure 17(h). As the velocity re-
duced from 1 to 0.75 m/s, temperature distribution remains relatively even. 
However, the temperature magnitudes in the exhaust end increases with the in-
crease in velocity. In Figure 17(a), velocity, magnitudes are high in compart-
ments 1 and 4. However, compartments 2 and 3 have lower velocity magnitudes. 
The filleted flow-guides solve the problem by ensuring even velocity distribution 
as seen in Figure 17(b). 
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Figure 14. (a) Veloity contours for current dryer; (b) Veloity contours for improved dryer; (c) Velocity 
vector for current dryer; (d) Velocity vector for improved dryer; (e) Temperature contours for current 
dryer; (f) Temperature contours for improved dryer; (g) Turbulence contours for current dryer; (h) Tur-
bulene contours for improved dryer. 
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Figure 15. (a) Velocity contours for current dryer; (b) Velocity contours for improved dryer; (c) Velocity vec-
tors for current dryer; (d) Velocity vectors for improved dryer; (e) Temperature contours for current dryer; (f) 
Temperature contours for improved dryer; (g) Turbulence contours for current dryer; (h) Turbulence contours 
for improved dryer. 
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Figure 16. (a) Velocity contours for current dryer; (b) Velocity contours for improved dryer; (c) Veloity vector 
for current dryer; (d) Veloity vector for improved dryer; (e) Temperature contours for current dryer; (f) Tem-
perature contours for improved dryer; (g) Turbulence contours for current dryer; (h) Turbulence contours for 
improved dryer. 
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Figure 17. (a) Velocity contours for current dryer; (b) Velocity contours for improved dryer; (c) Velocity 
vector for current dryer; (d) Velocity vector for improved dryer; (e) Temperature contours for current 
dryer; (f) Temperature contours for improved dryer; (g) Turbulence contours for current dryer; (h) Turbu-
lence contours for improved dryer. 
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3.4. Velocity and Temperature Distribution 

Table 7 and Table 8 below shows the velocity and temperature magnitudes 
sampled at the inlet, center, and outlet sections for both current and improved 
dryer. The average values are also indicated to quantify the percentage increase 
in magnitude. 

3.4.1. Velocity Distribution 
Figures 18(a)-(d) indicate velocity distribution for current and improved dryer 
in compartments 1, 2, 3, and 4 respectively. The average velocity magnitudes are 
higher in improved model than in the current dryer. The average velocity mag-
nitude increased by 153.3% in compartments 1 and 2. The velocity increased by 
176.5% in compartments 3 and 4 for the modified dyer. 

3.4.2. Temperature Distribution 
The graphs in Figures 19(a)-(d) below show that the improved model has high-
er temperature distribution across the grain buffer section. The average increase 
in temperature magnitude was 0.25% in compartments 1 and 2. In compart-
ments 3 and 4, the average temperature increase was 0.22%. The rate of drying is 
directly proportional to temperature distribution and velocity at which hot air is  

 
Table 7. Velocity (m/s) distribution. 

 Compartment 1 Compartment 2 
Average 

% 
increase  inlet center outlet inlet center outlet 

Current Dryer 0.383 0.683 0.443 0.254 0.368 0.223 0.392 
153.3 

Improved Dryer 1.163 1.120 0.740 1.167 1.087 0.682 0.993 

 

 
Compartment 3 Compartment 4 

Average 
% 

increase inlet center outlet inlet center outlet 

Current Dryer 0.231 0.123 0.030 0.533 0.583 0.390 0.315 
176.5 

Improved Dryer 1.000 0.987 0.602 1.067 0.920 0.650 0.871 

 
Table 8. Temperature (K) distribution. 

 
Compartment 1 Compartment 2 

Average 
% 

increase inlet center outlet inlet center outlet 

Current Dryer 322.5 321.5 321.7 321.9 321.4 321.3 321.7 
0.25 

Improved Dryer 322.7 322.4 322.1 322.9 322.5 322.2 322.5 

 
 Compartment 3 Compartment 4 

Average 
% 

increase  inlet center outlet inlet center outlet 

Current Dryer 322.0 320.9 321.3 322.5 321.4 321.6 321.6 
0.22 

Improved Dryer 322.7 322.3 322.0 322.4 322.2 322.0 322.3 
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Figure 18. (a) Velocity distribution for current and improved dryer in compartment 1; 
(b) Velocity distribution for current and improved dryer in compartment 2; (c) Velocity 
distribution for current and improved dryer in compartment 3; (d) Velocity distribution 
for current and improved dryer in compartment 4. 
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Figure 19. (a) Temperature distribution for current and improved dryer in compartment 
1; (b) Temperature distribution for current and improved dryer in compartment 2; (c) 
Temperature distribution for current and improved dryer in compartment 3; (d) Tem-
perature distribution for current and improved dryer in compartment 4. 

 
blown through the grains [12] [19]. Therefore, the modified dryer would in-
crease drying efficiency by reducing the throughput time. 
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4. Conclusion 

Uneven grain drying and long throughput times are the main challenges en-
countered in the use of geothermal dryer in Menengai. Experimental results 
have shown that the grains near the hot air inlet dry at a faster rate than those 
near the exhaust end. The simulation results attribute uneven grain drying to 
non-uniform hot air distribution across the grain buffer. Introducing filleted 
flow-guides at the inlet significantly improves velocity, temperature, and turbu-
lence kinetic energy distribution in the dryer. Based on the simulation results, 
the filleted flow guides reduce resistance to air flow and also evenly divide the 
incoming hot air into the four compartments. The velocity and temperature 
magnitudes across the grain buffer increased when the flow guides were intro-
duced. The average velocity magnitude increased by 153.3% and 176.5% in the 
lower and upper compartments respectively. Similarly, the average temperature 
magnitude increased by 0.25% and 0.22% in the lower and upper compartments 
respectively for the modified dryer. Therefore, the flow-guides can improve 
drying efficiency by reducing throughput times and also minimizing the extent 
of uneven grain drying. 
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