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Abstract
An Unmanned Aerial Vehicle (UAV) whose wing consist of a combination of two different airfoils presents
opportunity for improve aerodynamic performance; and research in this area has potential for signi�cant
innovation. This study employed a Computational Fluid Dynamic (CFD) technique to predict drag and lift
coe�cients and aerodynamic e�ciency of the wing of Ichoku-18 (IU-18) UAV. The wing of the IU-18 UAV
consists of two different aerofoil sections, NACA2415 at the root and SD7032 at the tip. The study
investigates the aerodynamic characteristics of the wing at different Angle of Attack (AoA), AoA = 0°,4°,
8°, 12°, 16°, 20° and 24°. Using a standard and realizable k-ε turbulence models, the minimum and
maximum drag coe�cients and aerodynamic e�ciencies were obtained at AoA = 0° and AoA = 24°. Both
turbulence models predicted the critical angle of attack occurs at AoA = 16°. The results obtained were in
agreement with analytical design data of the UAV and �ndings from the literature. While the standard k-ε
turbulence model overpredicted the drag coe�cients of the wing of IU-18 UAV, the values predicted by the
realizable k-ε turbulence model were in closer agreement with the experimental data. Also, the lift
coe�cients predicted by the realizable k-ε turbulence model were more realistic and in closer agreement
with that obtained analytically. Similarly, while the realizable k-ε turbulence models prediction of the
CLmax is in closer agreement with the analytical data, the standard k-ε model underpredicted the
variation of aerodynamic e�ciency with AoA.

1.0 Introduction
The use of unmanned aerial vehicles (UAVs) in many aspects of human life, from local and industrial to
military applications, is rapidly increasing. The various applications of UAVs have triggered the interest of
scientists and engineers globally to advance the state of the technology. Advancing UAVs technology
requires extensive design data that ensures the performance characteristics continuously ful�l the
mission’s purpose. The wing geometry has a signi�cant in�uence on the performance characteristics of
any aircraft, and this depends on the aerofoil section. The aerofoil is the building block of the the wing
that produces most of the forces required to sustain all �ight conditions [1–3]. As such, the design
characteristics of the wing geometry is crucial. Hence, it is important to accurately predict the wing
aerodynamic characteristics of any UAV, as it signi�cantly affects the aircraft �ight performance.

Due to the in�uence of the aerofoil sections on the wing aerodynamic performance, various types can be
found in a wing, from root to tip [4, 5]. In addition, taper, twist and sweepback are added to the wing
geometry to increase its e�ciency. In addition to the wing, the generation of aerodynamic forces of drag
and lift to sustain �ight conditions also depends on the �ow�eld properties and the angle of attack (AoA).
The AoA is the angle between a reference line on an aircraft (often the chord line of an aerofoil) and the
approaching air�ow [6]. It has been shown that AoA has a dominant effect in determining the optimum
pro�le of a wing as compared to the airspeed [7]. Therefore, the aerodynamic analysis of a UAV at
different AoA is vital for optimizing the wing geometry and �ight performance.
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The numerical method of computational �uid dynamics (CFD) is widely employed for aerodynamic
analysis to optimize initial design calculations at lesser cost and time. Furthermore, CFD provides
signi�cantly added information, such as the effect of three-dimensional vortices, which cannot be easily
obtained experimentally [1, 8]. In addition to the high cost of wind tunnel testing, they may also suffer
from scaling effects. Consequently, CFD approach has become a veritable design tool signi�cantly
employed in accelerating the design and development of modern aircraft.

The Air Force Research and Development Center (AFRDC) in collaboration with the Air Force Institute of
Technology (AFIT) has successfully designed the Ichoku-18 (IU-18) UAV in the year 2016. The UAV is
planned for large-scale manufacturing by the year 2025. However, the wing of the IU-18 UAV was
developed analytically based on design requirements without wind tunnel testing or CFD analysis
required to optimize its aerodynamic characteristics. Therefore, this study aims to employ the CFD
approach to predict the aerodynamic characteristics of IU-18 UAV. The paper is structured as follows. It
starts with a review of the related literature, followed by a description of the numerical method employed.
Subsequently, results obtained are presented and analysed to derive the major conclusions from the
study.

2.0 Review Of Related Literature
Numerous studies have investigated the aerodynamic performance of different kinds of aerofoils and
wing con�gurations depending on the design and mission requirements using CFD and experimental
techniques. A CFD study in [9] analysed the performance of winglets, blended and split scimitar winglets
using k − ω shear stress transport (SST) turbulence model. The results demonstrated an increase in the
lift generated by the wing and a decrease in the drag, thereby increasing the fuel mileage by up to 6-8%
due to the blended winglet. Another study investigated aerodynamics of NACA0012 �nite wing at low

Reynold’s numbers and AoA = 0 ∘and90 ∘
 using Spalart-Allmaras (S-A) turbulence model. The study

found the turbulence model to be effective for wing simulation at low speeds. Also the study used the C-
Type grid topology to generate a �ne mesh around the wing. Eftekhari and Al-obaidi in [10] added that the
C-Type grid topology is an e�cient meshing method for wing geometry requiring �ne mesh for accurate
results. The study indicates the drag coe�cient increases as the AoA is increases, resulting in a change in
the �ow�eld from laminar to turbulent, with �ow separation in between. The results revealed the lift

coe�cient linearly increases with AoA until it reaches its maximum value at 32
∘
, which is the stall angle.

As observed in the study, increasing the AoA beyond 32 ∘
 resulted in a decrease in the lift coe�cient,

reaching its minimum value at AoA = 90
∘
. The results of this study were further validated

experimentally with minor error of 3% at AoA less than 15 ∘ . However, at AoA = 20 ∘ , the percentage
error obtained was 19%. The larger error is due to �ow separation at the leading wing edge. Re�ning the
mesh around the leading edge reduced the percentage error obtained. The stall condition reported in the
above study occurs as air�ow becomes fully separated, when the AoA of the wing is above a critical
value.
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The study found that changes in AoA greatly affects the aerodynamic characteristics of the aerofoil.
Another study by Roy et al. in [11] experimentally and numerically investigated the effect of wing tip
vortices on �ow separation. The author employed the k − ω SST turbulence model in conjuction with
steady-state solution to study unswept and untwisted NACA4415 rectangular wing at different AoA. Roy
et al. in [11] further asserted thek − ω SST turbulence model predicted good agreement with
experimental data for adverse pressure gradient and boundary-layer �ows. To simulate the AoA, the
directions of the stream velocity were adjusted according to the required AoA. The results of the study
revealed that by increasing the AoA, the point of separation and the onset of stall moves near the leading
edge. Shaha and Pachapuri in [12] studied and performed validation of NACA2415 aerofoil. They found
that while AoA greatly affects aerodynamic characteristics, the coe�cient of moment remains almost
constant. Kandil and Elnady in [13] made similar conclusion. The study also revealed that in comparisons
with other methods employed, the CFD results were in closer agreement with the experimental data.

An experimental and computational study carried out by Genç et al. in [14] examined the �ow over
NACA2415 aerofoil with and without a leading-edge slat at a transitional Reynolds number 
(Re = 2 × 105). The experimental results shows AoA affect the aerodynamic coe�cients of the aerofoil
with critical value occuring at AoA = 12 ∘  without the leading-edge slat and CLmax = 1.3. This results
is approximately the same with that from the experimental study in [12]. However, as presented in [12], the
theoretical data of NACA2415 shows that at 12 ∘  AoA, the CL = 1.5602 while the CFD results predicted
the CL = 1.2103. The computational technique in [14] employed four turbulence models using a C-type

structured and unstructured grid on the aerofoil. Comparison of the numerical results with experimental
data revealed, the k − kL − ω turbulence model better predicted the lift curve as well as the stall.
However, the same model did not provide good prediction of the reduction in separation buble associated
with improved air�ow due to the slat.While k − ω SST poorly predicted the lift curve, it better predicted
the disappearance of the separation buble in agreement with the experiment. These inconsistencies in
numerical results could be attributed to many factors, including but not limited to the type of turbulence
models or discretization employed.

The literature reviewed shows, due to peculiarity of the wing of IU-18 UAV consisting of two different
aerofoils, there is no CFD study related to its aerodynamic characteristics. Addressing this gap is the
main motivation of this study. The study employed CFD technique to investigate the aerodynamic

characteristics of the wing of Ichoku-18 UAV atAoA = 0 ∘, 4 ∘, 8 ∘, 12 ∘, 16 ∘, 20 ∘and24 ∘
. The CAD

model of the wing was developed using CATIA V5 as shown in Figures 1.

3.0 Numerical Method
The numerical method employed in this study entails solving the general governing equations of �uid
�ow, the Navier-Stokes equations (NSE). By solving the equations numerically for a speci�c set of
boundary conditions, the �ow properties in a given geometry are predicted [2, 15]. In this study, the
�ow�eld is apprximated as a steady, turbulent and viscous incompressible �ow. Hence, the relevant form
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of the NSE is the Reynolds-average Navier-Stokes (RANS) equations, which are split into mean and

�uctuating components [16]. The total velocity, ui is decomposed as a function of the mean velocity 
−
ui

and the �uctuating component 
´
ui as shown in the Eq 1. In the same manner, averaging can be applied to

all other �ow variables as shown in Eq 2 for pressure.

ui =
−
ui +

´
ui

1

p =
−
p + p

2
The averaged from of the continuity and momentum equations are given in Eq 3 as:
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4
In The above equations, u, ρ and μ represents the velocity, density and dynamic viscosity of the �uid. The

term −

−
´
ui

´
uj in Equation 4 is known as the Reynolds stress tensor (RST) and is de�ned in Equation 5. The

RST accounts for the turbulent �uctuations and is required to be modelled to closed the RANS equation.
Modeling the RST to obtain a solution requires some approximations in the governing differential
equations at various levels of sophistication, leading to different turbulence models employed in
predicting engineering �ows. However, each turbulence model has some limitations, depending on the
nature of the �ow�eld [11]. Today, numerous commercial and proprietary software have been developed
for CFD analysis of various industrial and non-industrial �ows. In this study, ANSYS-Fluent 14.0 CFD
software is employed in modeling the �ow�eld of IU-18 UAV with the aim of predicting complex
interaction of lift and drag forces involved.

The coe�cients of drag and lift force Cd and Cl are de�ned in Equations 6 and 7, respectively.

( )

[ ( ) ] ( )
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Cd =
Fd

0.5ρV2A

6

Cl =
Fl

0.5ρV2A

7
where Fd and Fl are the drag and lift forces, respectively. ρ is the density of the air, A is the frontal area

of the vehicle, and V is the relative speed.

The true aerodynamic e�ciency of the wing is de�ned by the ratio of Cl and Cd [4] as.

Aerodynamicefficiency =
Fl
Fd

=
Cl
Cd

8
Determining the Reynolds number of the �ow�eld, Re is vital in selecting the turbulence models in
numerical analysis. Re is a non-dimensional parameter that represents the ratio of inertia and viscous
forces [17]. It provides a quantitative representation of the degree of turbulence in a �ow and is
represented in Equation 9 [18, 19].

Re =
Inertiaforce
Viscousforce =

ρVD
μ

9
where ρ, V, Dandμ is the air density, free stream velocity, characteristic length and dynamic viscosity,
respectively. The D for an aerofoil is equal to the aerofoil length. For a wing, D is equal to the aerofoil
chord length. While for a non-uniform wing, D is equal to the Mean Aerodynamic Chord, MAC length [20].
For fully developed turbulent �ow, Re >≈ 106 [17].

For the IU-18 UAV at cruising altitude, the Reynolds number is obtained based on Equation 9 as follows:

Re =
0.771 × 46 × 0.9

1.66 × 10 −5 = 1.923 × 106

Thus, the �ow can be approximated as fully turbulent at the cruising altitude of the UAV. However, this
does not eliminate the presence of low Reynolds number regions in the �ow�eld, particularly, at high AoA,
where separation is highly likely.

Based on the Reynolds number of the IU-18 UAV computed above, the standard and realizable k − ϵ
turbulence models are selected for this study. The standard k − ϵ model proposed by Launder and
Spalding [21] is the most widely used turbulence model for industrial applications. The model has been
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acknowledged to be robust, economical and reasonably accurate for a wide range of industrial
applications of fully developed turbulent �ows. However, it performs poorly for �ows with strong
separation, large streamline curvature and large pressure gradient. Hence, in this study, the Realizable 
k − ϵ turbulence model will be employed for the purpose of comparison. This model offers the good
performance among the versions of k − ϵ model. Hence, it is considered appropriate for modelling �ows
with separation and complex secondary �ow feature [22, 23]. The numerical computation of the �ow�eld
investigated in this study was carried out using Ansys-Fluent 14.0 CFD code. The details of the computer-
aided design (CAD) of the wing geometry, numerical setup, boundary conditions and turbulence models
employed are presented in the following subsections.

3.1 CAD Model of Wing of IU-18 UAV
The wing of the Ichoku-18 UAV has the following dimensions: a span of 11 m, a root chord of 1.20 m, a
tip chord of 0.50 m, an aspect ratio of 11.68 and a gross area of 10.36 m2, Table 1 presents the
remaining speci�cations of IU-18 UAV wing.

 
Table 1

Speci�cations of Wing of Ichoku-18 UAV.
Constraint Dimensions

Trailing edge sweep angle 4.45o

Leading-edge sweep back angle 4.39o

MAC 0.90 m

Fitness ratio 13.0

Anhendral 3o

Twist -2o

Taper ratio 0.42

Leading-edge sweep 0o

3.2 Numerical Setup

a) Geometry design modeller

The CAD model of the wing developed in CATIA V5 was situated in a computational domain (CD) with
dimensions as shown in  Figure 2. Subsequently, the CD was imported into ANSYS-Fluent 14.0 software
for meshing and analysis.This study employed the C-type CD due to its simplicity and time savings [24]. 



Page 8/20

Due to symmetric nature of the wing, only half of its CAD model was developed. To model variation in
�ight attitude, the study opted for changing the �ow �eld velocity vectors and its orientation relative to the
wing. This has been shown to present the same effect as changing the �ow AoA as described in [24] and
and employed by Roy et al. in [11].

b) Boundary conditions
The boundary conditions prescribed include ‘Inlet Velocity’ on the �rst face of the CD in the Z-direction,
"Pressure Outlet" on the face opposite the inlet, and "wall” on the wing model under investigation. The
rectangular walls of the CD were de�ned as ‘Symmetry’. Figure 3 shows the boundaries conditions
prescribed on the CD.

c) Meshing
In this study, an unstructured mesh was generated on both the wing model and CD. To improve the grid
quality, advance size function, relevance centre and smoothing in Ansys Fluent 14.0 were changed to
‘Proximity and Curvature’, ‘Fine’ and ‘High’, respectively. The Proximity and Curvature option was
employed to re�ne the mesh over much of the model and control the mesh density in regions of the
model where features are located more closely together without using numerous local controls. The �ne
smoothing option allows controlling the variation in the size of the mesh elements thereby improving the
accuracy of the numerical analysis. The relevance centre provide �ner mesh in the swept regions closer to
the geometry [24]. Thereafter, the meshing is generated and done on both the wing model and CD.

To ensure the solution obtained is independent of the grid size, grid independence check was done before
adopting the �ner grid size. This was achieved through performing the simulation with �ner grid size. The
results of the check show that the analysis grid size has some effect on the CFD results. However, as
show on Table 2, the effect of using the �ner the grid on the values of Cd and Cl obtained was less than
an order of magnitude, which is not signi�cant. Figure 4 shows the mesh generated on the wing model
and the CD. Subsequently, the �ner mesh consisting of 86,546 nodes and 482,214 elements for the wing
and the CD, respectively was adopted for the remaining calculations.

Table 2
Grid independence check results.

Grid size AoA Nodes Elements Cd Cl

Coarse 0o 67,654 376,935 0.044 0.321

Finer 0o 86,546 482,214 0.026 0.246

d) Setup
The model was set up using a three-dimensional, steady-state, pressure-based coupled algorithm. The
turbulence model implemented in this study is the standard and realizable k − ϵ turbulence model. The
input parameters are the cruising speed and altitude of the UAV, given as 46 m/s and 4,572 m,
respectively. The remaining input parameters relate to properties of the surrounding air at altitude of
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4,572 m, namely, pressure, viscosity, density and temperature, which are given as 57.182 kPa, 
1.66 × 10 −5kg/m. s, 0.771 kg/m3 and 258.43 K, respectively.

2.3 Solution initialization
To initialize the solution from the boundary conditions speci�ed, a "Hybrid Initialization" was employed.
Hybrid initialization is a collection of recipes and boundary interpolation methods. It solves the Laplace
equation to produce a velocity �eld that conforms to complex domain geometries, and a pressure �eld
that smoothly connects high and low-pressure values in the CD. All other variables (velocity, pressure,
turbulence and VOF) were patched based on domain averaged values or a predetermined recipe [25].After

initialization, seven (7) different cases namely; AoA = 0 ∘, 4 ∘ , 8 ∘, 12 ∘ , 16 ∘, 20 ∘ and24 ∘
 were

simulated for the two turbulence models. Lift and drag coe�cients values were monitored and saved for
each iteration. The convergence history was also monitored. The residual Root-Mean-Square (RMS) Error
default value was set to 10 −6 for better convergence. In some simulation where convergence was not
possible, calculations were run for a stabilized solution determined by low �uctuations in the residuals.

4.0 Results And Discussion
This section presents and discusses the results obtained from the study and the key �ndings. Figures 5
and 6 illustrate the results of CD and CL obtained from the simulation after the solution has been

stabilized for AoA = 0 ∘, 4 ∘ , 8 ∘, 12 ∘ , 16 ∘, 20 ∘ and24 ∘
.

It can be seen from Figure 5 that at AoA = 0
∘
, 4 ∘ , 8

∘
, 12 ∘ , 16

∘
, 20 ∘ and24

∘
, the CD obtained were

respectively 0.026, 0.043, 0.068, 0.099, 0.132, 0.164 and 0.194, for the standard k − ϵ turbulence model.
The corresponding CD obtained were respectively 0.016, 0.032, 0.056, 0.085, 0.117, 0.144 and 0.170 for
the realizable k − ϵ turbulence model. The constant increase in the drag coe�cient with increasing AoA
as predicted by both turbulence models is not surprising. This is because the increase in the drag is
caused majorly by an increase in the pressure exerted on the wing, which is a result of an increase in the
wing surface area exposed to the free stream. Also, due to the quest for greater lifting ability by
increasing the AoA, lift induced drag is generated, adding to the total drag produced by the wing. It can be

observed that the minimum drag coe�cients occurs at AoA = 0 ∘
; and the value is obtained to be 0.026

and 0.016 for the standard and realizable k − ϵ turbulence models respectively, see Figure 5. However,
the study of Hamza in [26] using Athena Vertex Lattice (AVL) method, obtained drag coe�cient of 0.030

at AoA = 0
∘
 for the wing of IU-18 UAV. Considering the latter study was carried out for wing and tail

sections of the IU-18 UAV, the higher value of drag coe�cient obtained is quite understandable. The
presence of the tail section has the effect of increasing the Cd. Thus, it can be deduced that the minimum
drag coe�cients predicted by both turbulence model are realistic.

The value of Cd obatained experimentally by Genç et al. in [14] for a wing with NACA2415 aerofoil at 

AoA = 0 ∘
 was 0.01. This also con�rms that the value of Cd predicted by the realizable k − ϵ turbulence

model is in closer agreement with the experimental data. Thus, the experimental result suggests the
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standard k − ϵ turbulence model overpredicted the drag coe�cients of the wing of IU-18 UAV. The
variations between the value of Cd obatained experimentally in [14] with that predicted by the realizable 
k − ϵ turbulence model reported in this study could be associated with differences in design of the wing
of the IU-18 UAV, which has twists and two different airfoil sections. These translates into differences in
drag coe�cients. The maximum drag coe�cient obtained at AoA = 24 ∘  is 0.194 and 0.17 for the
standard and realizable k − ϵ turbulence models respectively, see Figure 5.

Figure 6 shows the curves of variation of lift coe�cients with AoA for the two turbulence models. It can
be easily seen in Figure 6 that an increase in the AoA causes increase in the lift coe�cients for both the

standard and realizable k − ϵ turbulence models. At AoA = 0
∘
, 4 ∘ , 8

∘
, 12 ∘ , 16

∘
, 20 ∘ and24

∘
the

values of the lift coe�cients obtained were respectively 0.246, 0.339, 0.419, 0.479, 0.512, 0.509 and
0.467 for the standardk − ϵ turbulence model. In the case of the realizable k − ϵturbulence model, the
corresponding lift coe�cients are 0.264, 0.369, 0.461, 0.536, 0.581, 0.569 and 0.500, see Figure 6. At 

AoA = 0 ∘
, the minimum lift coe�cients values of 0.246 and 0.264 were predicted by the standard and

realizable k − ϵ turbulence models, respectively. However, as obtained in [26], at AoA = 0
∘
 using AVL

method, the lift coe�cient of the IU-18 wing was found to be 0.377. Considering the latter study was
carried out for wing and tail sections of the IU-18 UAV, the higher value of lift coe�cient obtained is quite
understandable. Similarly, the analytical method of Jemitola and Abbe in [27] shows the lift coe�cient of

IU-18 UAV at AoA = 0 ∘
 is 0.389. Thus, it can be deduced that the minimum lift coe�cient of 0.264

predicted by the realizable k − ϵ turbulence model is more realistic and in closer agreement with that
obtained analytically.

Figure 6 also shows that, above AoA = 16 ∘ , the lift coe�cient generated stop increasing, and starts to
decrease. This revealed that AoA = 16 ∘  is the critical angle of attack of the wing of IU-18 UAV as
predicted by both turbulence models. At this AoA, both the standard and realizable k − ϵ turbulence
models predicted similar value of maximum lift coe�cients CLmax of 0.512 and 0.581, respectively. A

CLmax value of 0.74 was obtained at AoA of 15.6o from the analytical design of the IU-18 UAV by
Jemitola and Abbe in [27]. It worthy of note that this higher value of CLmax obtained analytically was for
the whole UAV. Hence, it is evident that the values predicted by both turbulence models are realistic.
Neverthless, realizable k − ϵ turbulence models prediction of the CLmax is in closer agreement with the
analytical data.

To prevent stalling at high AoA the wing requires an optimization of the aerofoil through incorporation of
high lift devices. The effectiveness of such high device is seen in [14], where adding a leading-edge slat
led to increase of 6 ∘  in the stalling AoA, with a 50% increase in the CLmax. This rationalizes the need for
the design modi�cations of the IU-18 UAV wing buy incorporating high lift devices.

The predicted variation of aerodynamic e�ciencies of the wing at various AoA for the two turbulence
models tested is presented in Figure 7
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Figure 7 shows the aerodynamic e�ciencies predicted by the standard k − ϵ turbulence model at 

AoA = 0
∘
, 4 ∘ , 8

∘
, 12 ∘ , 16

∘
, 20 ∘ and24

∘
were 9.46, 7.88, 6.16, 4.84, 3.88, 3.10 and 2.41 respectively.

Whereas, the realizable k − ϵ turbulence model predicted 16.50, 11.53, 8.23, 6.31, 4.97, 3.95 and 2.94
respectively. The results shows, the maximum aerodynamic e�ciencies of the wing occurs at the least

AoA, AoA = 0 ∘
, which have values of 9.46 and 16.5 as predicted by the standard and realizable k − ϵ

turbulence models, respectively. On the other hand, the lowest aerodynamic e�ciencies of the wing were
obtained at the highest AoA, AoA = 24 ∘  for both models. This revealed that the wing exhibited greater
aerodynamic e�ciency at AoA = 0 ∘ . Subsequently, there is a consistent decrease in the e�ciency with
increase in AoA. Thus, at AoA = 0 ∘ , we obtained the most lift for the least amount of drag generated.
When the AoA is increased beyond 0 ∘ , it can be observed that the drag coe�cient increased more than
the lift coe�cient. It has been observed that the increase in AoA further decreases the aerodynamic
e�ciency until the stalling angle is reached, and keeps decreasing even beyond the critical AoA.
Therefore, the smaller the AoA the greater the aerodynamic e�ciency. Thus, it can be deduced that there
is no economic advantage in cruising at AoA > 0 ∘  because more fuel will be consumed, leading to
more emission of pollutants to the environment, a great source of concern today.

Based on results presented in Figure 7, the standard k − ϵ model underpredicted the variation of
aerodynamic e�ciency with AoA, relative to the values obtained from the realizable k − ϵ model. These
discrepancies are likely associated with signi�cant separation and adverse pressure gradient present in
the �ow�eld at higher AoA, for which the standard k − ϵ model has been reported to have poor
performance [28].

5.0. Conclusion
This study employs CFD approach to investigate the aerodynamic performance of wing of IU-18 UAV at
different angles of attack by considering its cruising phase of �ight. Results of the analyses show that
while the standard k − ϵ turbulence model overpredicted the drag coe�cients of the wing of IU-18 UAV,
the values predicted by the realizable k − ϵ turbulence model were in closer agreement with the
experimental data. Overall, results obtained with the realizable k − ϵ turbulence model were more
realistic in comparison with data obtained experimentally and analytically. Therefore, this research has
made a substantial contribution to knowledge by modelling the aerodynamics performance of the wing
of the IU-18 UAV. Also, the study was able to determine the relative performance of two RANS turbulence
models in predicting the �ow�eld at different AoA.
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Figures

Figure 1

Wing CAD model produced.
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Figure 2

C-type CD designed.
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Figure 3

Boundaries conditions speci�ed
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Figure 4

Meshed CD and UAV wing.
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Figure 5

Curves of variation of  against AoA. 
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Figure 6

Curves of variation of lift coe�cients against AoA.
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Figure 7

Curve of variation in aerodynamic e�ciency against AoA.


