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ABSTRACT 

This paper presents the computational fluid 

dynamics simulation of air flow and temperature 

distribution in a CECH dryer. The CAD model of 

the dryer was done using Solidworks 2014 software 

The discretization process was done in ANSYS 

ICEM in order to cope-up with the thermal and 

velocity layers formation. ANSYS FLUENT 14.5, 

a Computational Fluid Dynamic (CFD) software in 

which flow fields and other physics are calculated 

in detail for various engineering applications, was 

used as the CFD solver. The analysis was done to 

characterize velocity vectors, temperature 

distribution, pressure, air flow pattern and 

turbulence intensity. Experimental data was used 

for the boundary conditions. Standard k-ε 

turbulence model was allowed to predict the three-

dimensional flow and the conjugate various profiles 

of the air parameters. Simulation results revealed 

air temperature profile to be 365.56K, 368.93K, 

376.14K, 373.53K and 383.12K on trays 1, 2, 3, 4 

and 5 respectively. Taking tray 5 as a reference 

point, air temperature decreased from 383.12K at 

the reference point (0) along the distance of travel 

of heated air to 363.54K at the end point 0.65 m. 

Air density profile shows 9.74x10
-1

 kg/m
3
, 9.65x10

-

1
kg/m

3
, 9.46x10

-1
 kg/m

3
, 9.53x10

-1
 kg/m

3
 and 

9.29x10
-1

 kg/m
3
 on trays 1, 2, 3, 4 and 5 

respectively. From the results, it is noted that the 

heated air was not flowing well to tray 1 and 2 and 

this is due to the configuration of the dryer. It is 

therefore suggested that during drying operation, 

the trays should be inter-changed intermittently in 

order to achieve uniform distribution of the heated 

air in the drying chamber. It can be inferred from 

the study that the drying rate of the product would 

be significantly influenced by the air velocity, the 

drying air temperatures and the arrangement of the 

trays.  

Key words: CECH dryer, CFD simulation, food 

processing, heat transfer, SWFS software 

1. INTRODUCTION 

One of the easiest and oldest methods of food 

processing which can contribute to a reduction in 

postharvest losses and promote food security is 

drying. This operation is energy consuming, so 

there is need for an actual optimization based on 

dynamic mathematical models, analysis and 

numerical simulations. The system behaviour and 

performance of a dryer is directly influenced by the 

air flow pattern and temperature distribution in the 

drying chamber. A thorough understanding of the 

fundamental principles of this system behaviour is 

highly essential for the optimization of the drying 

process.  

Olaniyan and Alabi (2014) designed and fabricated 

a prototype dryer for paddy rice using locally-

available construction materials. A preliminary test 

carried out on the dryer revealed that it was able to 

dry paddy rice from a moisture content of 22.36% 

to 13.37% and this shows that the dryer performed 

satisfactorily. Olaniyan and Omoleyomi (2014) 

designed, built and tested a hot-air dryer for small 

scale drying of tomato taking into consideration the 

techno-economic status of small holder farmers and 

tomato processors. Testing the dryer with 840g 

samples of sliced tomato at 55
0
C for 6h showed 

that it was able to dry the tomato samples from a 

moisture content of 89% (wb) to 21.8% (wb). 

Olaniyan et al (2017) conducted experiments to 

determine the effects of foaming agent, foam 

stabilizer and whipping time on the drying process 

of tomato paste under different drying equipment. 

Result showed that showed that an optimum drying 

rate of 11.36 g/h could be achieved using a 

mechanical dryer if tomato paste is pretreated with 

foaming agent, foam stabilizer and whipping time 

of 14.0 %EW, 0.48 %CMC and 9 min respectively.  

An understanding of temperature distribution at any 

point in the drying chamber is important because 

spoilage can start from regions with poor 

temperature distribution and caking of the products 
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can occur at the region with undesirable level of 

temperature. Therefore, the objective of this study 

is to investigate the air flow profile and temperature 

distribution in a CECH dryer using Solidworks 

2014 SP4.0 software. The work presents the 

computational fluid dynamics simulation of air 

flow and temperature distribution in the CECH 

dryer. 

2. MATERIALS AND METHODS 

2.1. Description of the CECH Dryer 

The CECH dryer was designed and constructed as 

part of a project on drying of agricultural products. 

As shown in Figure 1 below, the dryer has three 

major functioning units, which are the inlet air 

diverging unit, heating (plenum) chamber and the 

drying chamber (having five drying trays numbered 

upwards from the bottom). The major components 

of the dryer are the blower, heating elements, 

diverging unit to direct the flow of air, and drying 

trays which are stacked vertically in the drying 

unit. The mesh analysis of the geometry of the 

dryer is shown in Figure 2. 

Figure 1: Exploded View of the CECH Dryer 

Figure 2: Mesh Analysis of the Geometry of the 

CECH Dryer 

2.2. Simulation Model 
The CAD model of the dryer was done using 

Solidworks 2014 software as used by Oyeniyi et al. 

(2016). The discretization process was done in 

ANSYS ICEM in order to cope-up with the thermal 

and velocity layers formation. Thereafter, ANSYS 

FLUENT 14.5, a Computational Fluid Dynamic 

(CFD) software in which flow fields and other 

physics are calculated in detail for various 

engineering applications, was used as the CFD 

solver. The analysis was done to characterize 

velocity vectors, temperature distribution, pressure, 

air flow pattern and turbulence intensity. The 

experimental data was used for the boundary 

conditions. Standard k-ε turbulence model was 

allowed to predict the three-dimensional flow and 

the conjugate various profiles of the air parameters. 

2.3. Boundary Conditions 
The boundary conditions considered are as shown 

in Tables 1 and 2 and illustrated by Figure 3 below. 

This takes into consideration x-axis as the reference 

axis with global coordinate system.  

Table 1: Boundary Conditions for Inlet Velocity 

Type Boundary Conditions 

Flow 

parameters 

Flow vectors direction: Normal 

to face 

Velocity normal to face: 2.000 

m/s 

Fully developed flow: Yes 

Thermodynamic 

parameters 

Approximate pressure: 

101325.00 Pa 

Temperature: 363.20 K 

Table 2: Boundary Conditions for Environment 

Pressure  

Type Boundary Conditions 

Thermodynamic 

parameters 

Environment pressure: 

101325.00 Pa 

Temperature: 273.20 K 

Turbulence 

parameters 

Turbulence energy and 

dissipation 

Energy: 1.000 J/kg 

Dissipation: 1.00 W/kg 

Boundary layer 

parameters 

Boundary layer type: Turbulent 
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Figure 3: Boundary Conditions and the 

Computational Domain of the CECH Dryer 

2.4. CFD Governing Equations 

The basic governing equations of CFD analysis is 

the Navier-Stokes equations which is the 

conservation laws for mass, momentum and energy 

in the Cartesian coordinate (x,y,z) system rotating 

with angular velocity about an axis passing through 

the coordinate system's origin. These equations can 

be written as follows (Solidworks, 2012, Oyeniyi et 

al., 2016): 

Mass Equation: 
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Where:    is the fluid velocity (m/s),   is the fluid 

density (kg/m
3
),    is a mass-distributed external 

force per unit mass (N),   is the thermal enthalpy, 

  is a heat source per unit volume,     is the viscous 

shear stress tensor,    is the diffusive heat flux. The 

subscripts are used to denote summation over the 

three coordinate directions.   is pressure (Pa), 

i

j

x

U




is the body forces (N), and t is time (s), 

(     ) depicts the three main coordinates which the 

mass force depends on,    is the fourth-order tensor 

representing the constant of proportionality,   is the 

viscosity tensor, μ the dynamic viscosity (Ns/m
3
) 

and ij is the Kronecker delta.

3. RESULTS AND DISCUSSION 

3.1. CFD Post Process of the Air Flow 

Profile Cut Plots in the CECH Dryer 

As shown in Figures 4 and 5 below, the 

temperature contours grew from the heating 

element to the drying chamber. It is also noted the 

heated air was not flowing well to trays 1 and 2 due 

to the configuration of the dryer. Hence, it is 

suggested that during drying operation, the trays 

should be inter-changed intermittently in order to 

achieve uniform distribution of the heated air in the 

drying chamber. In another sense, another fan to 

cause more turbulence in the drying chamber 

should be placed therein. It can also be suggested 

that the fan should be closer to the heating source. 

It is highly essential to note that the walls of the 

drying chamber are well insulated in order to 

minimize heat transfer through the dryer walls 

Figure 4: Temperature Field Pattern of the Hot Air 

in the CECH Dryer 

Figure 5: Pressure Profile of the Hot Air in the 

CECH Dryer 

3.2. Variation of Drying Parameters in 

respect to the Arrangement of the Trays 

As illustrated in Figures 6-12 below, simulation 

results revealed air temperature profile to be 

365.56K, 368.93K, 376.14K, 373.53K and 

383.12K on trays 1, 2, 3, 4 and 5 respectively. 

Considering tray 5 as a reference point, air 

temperature decreased from 383.12K at the 

reference point (0) along the distance of travel of 
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heated air to 363.54K at the end point 0.65 m. Air 

density profile shows 9.74x10
-1

 kg/m
3
, 9.65x10

-1
 

kg/m
3
, 9.46x10

-1
 kg/m

3
, 9.53x10

-1
 kg/m

3
 and 

9.29x10
-1

 kg/m
3
 on trays 1, 2, 3, 4 and 5 

respectively. On tray 5, air density decreased 9.29 

x10
-1

 kg/m
3 

at the reference point to 9.78 x10
-1

 

kg/m
3 

at the end point 0.65 m. Air velocity profile 

indicates 5.08 x10
-1 

m/s, 7.79 x10
-1 

m/s, 4.75 x10
-1 

m/s, 2.14 x10
-1 

m/s and 1.36 x10
-1

 m/s on trays 1, 2, 

3, 4, and 5 respectively. On tray 5, air velocity 

increased from 0.14 m/s at the reference point to 

2.56 m/s at the end point. The total enthalpy were 

371.00, 374.43kJ/kg, 381.71 kJ/kg, 379.07 kJ/kg 

and 388.78 kJ/kg on trays 1, 2, 3, 4 and 5 

respectively. On tray 5, the total enthalpy388.78 

kJ/kg at the reference point to 369.06 kJ/kg at the 

end point.  

It is obvious from the results that the heated air was 

not flowing well to tray 1 and 2 and this can be 

adduced to the configuration of the dryer. It is 

therefore suggested that during drying operation, 

the trays should be inter-changed intermittently in 

order to achieve uniform distribution of the heated 

air in the drying chamber. Alternatively, another 

fan to cause more turbulence in the drying chamber 

should be placed installed closer to the heating 

chamber.  

Tray 3 has the highest range of air temperature with 

the peak being at 0.4 m along distance of travel of 

the heated air on the drying tray while tray 1 has 

the least temperature profile due to its location in 

the drying chamber. This trend shows that the 

temperature of the fluid varies with the distance of 

travel best along tray 4 and the percentage of hot 

air it contributed to at this level is greater than 

others. It was observed that there are peak periods 

at the distance between 0.25-0.4 m along the trays 

and the temperature later drops towards the end of 

the trays due to the collision of a boundary (dryer 

door).  

Turner and Jolly (1991) and Zhang and Mujumdar 

(1992) in microwave convective drying and 

Golestani et al. (2013) in convective drying 

simulations also reported a decreasing temperature 

profile near the wall of the drying chamber door 

due to the fact that in simulation, heat loss due to 

conduction is considered negligible. There was a 

surge in temperature level at a distance 0.3 m from 

the rare end of the dryer wall on tray 3 and this 

might be due to the flow trajectory of the hot air as 

a result of the upward direction of the flow. 

It can be inferred from the study that the drying rate 

of the product would be significantly influenced by 

the air velocity, the drying air temperatures and the 

arrangement of the trays. The study revealed that it 

is possible to determine the effective length of the 

drying chamber and recirculation points which is in 

agreement with the study conducted by Karim and 

Hawlader, (2005). 

Figure 6: Temperature Profile at Various Points on 

the Tray with respect to Length 

Figure 7: Air Pressure Profile at Various Points on 

the Tray with respect to Length 

Figure 8: Fluid Density Profile at Various points on 

the tray with respect to length 

360

365

370

375

380

385

390

0.000.100.200.300.400.500.60

T
e
m

p
e
r
a

tu
r
e
 (

K
) 

Length (m) 

Temperature (K)

TRAY 1

Temperature (K)

TRAY 2

Temperature (K)

TRAY 3

Temperature (K)

TRAY 4

Temperature (K)

TRAY 5

102145

102150

102155

102160

102165

102170

102175

0.00 0.10 0.20 0.30 0.40 0.50 0.60

P
r
e
ss

u
r
e
 (

P
a

) 

Length (m) 

Pressure (Pa)

TRAY 1

Pressure (Pa)

TRAY 2

Pressure (Pa)

TRAY 3

Pressure (Pa)

TRAY 4

Pressure (Pa)

TRAY 5

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

0.00 0.10 0.20 0.30 0.40 0.50 0.60

D
e
n

si
ty

 (
k

g
/m

3
) 

Length (m) 

Density (Fluid) (kg/m^3) TRAY 1

Density (Fluid) (kg/m^3) TRAY 2

Density (Fluid) (kg/m^3) TRAY 3

Density (Fluid) (kg/m^3) TRAY 4

RAY 5

Density (Fluid) (kg/m^3) TRAY 5

Proceedings of the International Food Operations and Processing Simulation Workshop, 2017
ISBN 978-88-97999-86-7; Bruzzone, Longo and Vignali Eds.

4



 

Figure 9: Air Velocity Profile at Various points on 

the tray with respect to length 

Figure 10: Total Enthalpy Profile at Various points 

on the tray with respect to length 

Figure 11: Turbulence Length with respect to the 

length of trays 

Figure 12: Variation of Turbulence Intensity along 

the Length of Trays 

4. CONCLUSION 
The computational fluid dynamic (CFD) simulation 

was used to predict the temperature distribution, 

velocity profile and pressure fields in the drying 

chamber of a CECH dryer. The air flow properties 

in terms of temperature distribution, velocity field 

profiles, pressure, fluid density, total enthalpy and 

turbulence effect of the air were also analyzed to 

predict the efficiency of the CECH dryer. From the 

study, it can be infered that the drying rate of the 

product would be significantly influenced by air 

velocity, air temperatures and the arrangement of 

the trays. It can be concluded that the turbulence 

model used for the CFD simulation is capable of 

predicting the dynamic behaviour of the dryer. 

Thus, CFD is highly efficient in predicting airflow 

pattern and analysis of drying parameters. Its 

application to dryer design is capable of solving the 

problems of uneven drying of products. 

REFERENCES 

Golestani, R., Raisi, A., Aroujalian, A. (2013). 

Mathematical modeling on air drying of apples 

considering shrinkage and variable diffusion 

coefficient. Drying Technology, 31 (1): 40–51. 

Karim, M.A., Hawlader, M.N.A. (2005). 

Mathematical modeling and experimental 

investigation of tropical fruits drying. International 

Journal of Heat and Mass Transfer, 48: 4914-4925. 

Olaniyan, A.M. and Alabi, A.A. (2014). 

Conceptual Design of Column Dryer for Paddy 

Rice including Fabrication and Testing of 

Prototype. International Journal of Basic and 

Applied Sciences, 2 (3): 11-20. 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.00 0.10 0.20 0.30 0.40 0.50 0.60

V
e
lo

c
it

y
 m

/s
 

Length (m) 

Velocity (m/s) TRAY 1

Velocity (m/s) TRAY 2

Velocity (m/s) TRAY 3

Velocity (m/s) TRAY 4

Velocity (m/s) TRAY 5

365000

370000

375000

380000

385000

390000

395000

0.000.100.200.300.400.500.60

T
o

ta
l 

E
n

th
a

lp
y

 (
J

/k
g

) 

Length (m) 

Total Enthalpy (J/kg)

TRAY 1

Total Enthalpy (J/kg)

TRAY 2

Total Enthalpy (J/kg)

TRAY 3

Total Enthalpy (J/kg)

TRAY 4

Total Enthalpy (J/kg)

TRAY 5

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.000.100.200.300.400.500.60

T
u

r
b

u
le

n
c
e
 L

e
n

g
th

 (
m

) 

Length (m) 

Turbulence Length (m)

TRAY 1

Turbulence Length (m)

TRAY 2

Turbulence Length (m)

TRAY 3

Turbulence Length (m)

TRAY 4

Turbulence Length (m)

TRAY 5

0

200

400

600

800

1000

1200

0.000.100.200.300.400.500.60

T
u

r
b

u
le

n
c
e
 I

n
te

n
si

ty
 (

%
) 

Length (m) 

Turbulence Intensity

(%) TRAY 1

Turbulence Intensity

(%) TRAY 2

Turbulence Intensity

(%) TRAY 3

Turbulence Intensity

(%) TRAY 4

Turbulence Intensity

(%) TRAY 5

Proceedings of the International Food Operations and Processing Simulation Workshop, 2017
ISBN 978-88-97999-86-7; Bruzzone, Longo and Vignali Eds.

5



 

Olaniyan, A.M. and Omoleyomi, B.D. (2014). 

Conceptual Design of Tomato Dryer: Fabrication 

and Testing of Prototype. International Journal of 

Postharvest Technology and Innovation, 4 (2): 114-

124. 

Olaniyan, A.M., Adeoti, J.A. and Sunmonu, M.O. 

(2017). Effect of Foaming Agent, Foam Stabilizer 

and Whipping Time on the Drying Process of 

Tomato Paste under Different Drying Equipment. 

International Journal of Modelling, Simulation and 

Scientific Computing, 8 (2).  

Oyeniyi, S.K., Aviara, N.A. and Aremu, A.K. 

(2016). Computational Fluid Dynamics Modelling 

of a CSRTC Dryer. LAP LAMBERT Academic 

Publishing. 

Turner, I.W. and Jolly, P.C. (1991). Combined 

microwave and convective drying of a porous 

material. Drying Technology, 9 (5): 1209–1269. 

Zhang, W., Mujumdar, A.S. (1992). Deformation 

and stress analysis of porous capillary bodies 

during intermittent volumetric thermal drying. 

Drying Technology, 10 (2): 421–443. 

BIOGRAPHY OF THE AUTHORS 

1. Adesoji Matthew Olaniyan graduated 

with BEng, MEng and PhD in Agricultural 

Engineering from University of Ilorin, Nigeria in 

1991, 1998 and 2006 respectively. Since 1998, he 

has been working on techniques, processes and 

equipment for processing agricultural and 

bioresources materials to food, fibre and industrial 

raw materials. Dr. Olaniyan’s principal area of 

research is on Bioproduct Processing and Food 

Process Engineering, where he has carried out a 

number of projects and published a number of 

papers in local and international journals. He joined 

the service of the University of Ilorin in 1998 as an 

Assistant Lecturer in the Department of 

Agricultural and Biosystems Engineering and rose 

to the position of a Senior Lecturer in 2009. 

Currently, he is an Associate Professor at the 

Department of Agricultural and Bio-resources 

Engineering, Federal University Oye-Ekiti, 

Nigeria. Dr. Olaniyan has bagged several awards 

including the Award for the Best Paper (2007) in 

the Journal of Food Science and Technology, 

Mysore, India; Chinese Government Sponsorship 

(2008) for International Training Programme in 

Protected Agriculture at International Exchange 

Centre, Yangling, China; Netherlands Fellowship 

Programme (2009) for International Training 

Programme in Milk Processing at Practical 

Training Centre, Onkerk, the Netherlands; and 

Postdoctoral Fellowship (2011) of the Academy of 

Sciences of Developing Countries. 

2. Samuel Kehinde Oyeniyi is currently an 

Agricultural Engineer at OFN-San Carlos Nigeria 

Limited, he had a BEng degree in Agricultural and 

Biosystems Engineering at University of Ilorin and 

MSc degree in Agricultural and Environmental 

Engineering from University of Ibadan. His 

research interests are majorly in machine design 

and computational fluid dynamics analysis. He has 

published over fifteen (15) scholarly papers in 

reputable journals, and he is a member of the 

following professional bodies Nigerian Institute of 

Agricultural Engineers (NIAE), Nigerian Society of 

Engineers (NSE), World Association of Scientific 

Research and Technical Innovation (WASRTI). 

3. Abraham Olusola Oloye bagged a 

National Diploma in Agricultural Engineering from 

the Federal Polytechnic, Ado-Ekiti and proceeded 

to the Federal University of Technology, Akure 

where he obtained his BEng and MEng degrees in 

Agricultural Engineering. He is a Corporate 

Member of the Nigerian Institution of Agricultural 

Engineers (MNIAE), Nigerian Society of Engineers 

(MNSE) and a Registered Engineer with the 

Council for the Regulation of Engineering in 

Nigeria (COREN). He joined the service of the 

Federal University, Oye-Ekiti as a Lecturer II in the 

Department of Agricultural and Bioresources 

Engineering specializing in Processing and Storage 

Engineering. He is a Member of the University 

COREN and NUC Accreditation Committee and 

has jointly published in a scientific research. 

4. Oluwole Idowu Ogunniyi is the 

CEO/Customer Support Officer of Hithe 

Technologies Nigeria (an ICT/Web Development 

Company). Born in the South-West part of Nigeria, 

Oluwole attended the University of Ilorin where he 

was awarded BEng degree in Agricultural 

Engineering. He received his MSc degree in 

Agricultural and Environmental Engineering from 

the University of Ibadan. Oluwole has always 

enjoyed starting and running businesses, some of 

which includes Nairashopping.com Data Transfer 

Service and Hithe Technologies Nigeria. At Hithe 

Technologies Nigeria, Oluwole has worked with 

and served several individual and many Corporate 

Organizations on various projects. 

5. Ezinne Winnifred Igwegbe hails from 

Ideato North Local Government Area of Imo State 

but was born in Zaria, Kaduna State. She obtained 

her primary and secondary school education in 

NEPA Senior Staff School, Kanji, Niger State and 

Federal Government Girls' College Owerri, Imo 

Proceedings of the International Food Operations and Processing Simulation Workshop, 2017
ISBN 978-88-97999-86-7; Bruzzone, Longo and Vignali Eds.

6



 

State respectively. She attended the University of 

Ilorin, between 2005-2009 and graduated with 

BEng degree in Agricultural Engineering with 

Second Class Honours (Upper Division). She had 

her 1-year mandatory National Youth Service with 

Power Holding Company of Nigeria, Benin, Edo 

State in 2009/2010 as Human Resource personnel 

and Nebosh Certificate in Occupational Health and 

Safety in 2014. Currently, she works with Union 

Bank of Nigeria Plc as a Relationship Manager. 

Proceedings of the International Food Operations and Processing Simulation Workshop, 2017
ISBN 978-88-97999-86-7; Bruzzone, Longo and Vignali Eds.

7


