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ABSTRACT

Article history:

The analysis of aerodynamic forces on two-dimensional airfoils and flow phenomena
associated with different Reynolds number has been widely investigated for aerospace
vehicles and wind turbines. Various numerical methods have been used with different
turbulence models, and the discrepancy in flow physics differs between each model.
This work presents the numerical analysis of the aerodynamic performance of NACA
0018 airfoil using different turbulence models. The Computational Fluid Dynamics
(CFD) solver, Ansys Fluent, is used for this numerical study. The available experimental
data of NACA 0018 airfoil is used for comparing numerical outputs, and the difference
in the lift, drag, and pressure coefficients are evaluated, respectively. Structured
meshing is employed for all the investigated models for the analysis for lift and drag
coefficients using four different turbulence models. Measurements of aerodynamic
coefficients and surface pressures are recorded for a range of Re=0.8x105 to
Re=0.3x106 and angles of attack (0° to 18°). The SST k-omega model provided the best
lift coefficient predictions for low angles of attack Results also indicate that the flow
separation regions and reattachment locations can be predicted by the Transition k-klω model.

Received 22 January 2020
Received in revised form 17 March 2020
Accepted 22 March 2020
Available online 28 March 2020

Keywords:
Lift Coefficient; Pressure Coefficient; Low
Reynolds Number; Turbulence Models;
Flow Separation

Copyright © 2020 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction
Airfoils are essential to numerous engineering applications and can be found in sizes ranging from
the wings of Unmanned Aerial Vehicles and the blades of wind turbines to the wings of large
commercial aircraft [1,2]. Further, airfoils operate over a range of speeds, from slow gliders to
supersonic military aircraft. These broad areas of applications over which airfoils are employed
presents a significant challenge to engineers in terms of required airfoil performance. Thus numerous
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airfoil designs have been analyzed at a wide range of operating conditions is the Reynolds number
for different aerodynamic performances [3-5]. One of the challenging design and aerodynamic
analysis of airfoils is at low Reynolds numbers.
It is primarily recognized that there is no universal model that eventually pronounces the
complete characteristics of fluid flow and its interactions with airfoils with reasonable accuracy while
employing a reasonable amount of computational resources. This modeling problem becomes more
complex as more physical phenomena are considered (e.g., if turbulent, compressible, and
multiphase flows are considered, among other relevant conditions). Many experimental
investigations and numerical simulations have been conducted to assess the aerodynamic
coefficients and the boundary layer characteristics [6-8]. Earlier researchers have shown that both
angles of incidence and the Reynolds number have got a substantial effect on the aerodynamic
performance of 2-D aerofoils [9-11]. McCroskey [12] wrote a review paper for wind tunnel tests
conducted and validated with the CFD, and the results compared showed good accuracy.
Researchers have conducted the experiments on NACA 0018 airfoil at low Reynolds number [1315]. One such investigation has estimated the aerodynamic coefficients for up to 300 angle of attack
and a wide range of Reynolds number [13]. Another investigation recorded the pressure coefficient
and the lift coefficient over the aerofoil from 00 to 160 degrees of angle of attack for different
Reynolds numbers [14]. For NACA 2412 airfoil using C-type of the fluid domain in order to analyses
the fluid flows with incompressible flow has been studied and shows that the lift and drag coefficient
variation using the different angle of attack [16]. Furthermore, the CFD analysis on different objects
such as non-circular cylinder [17,18], splitter plate [19], wedge [20,21], and CD nozzle [22-27] has
been studied well using the suitable turbulence model through ANSYS fluent.
The literature has shown that there is a significant discrepancy in the numerical results obtained
by different turbulence models [25]. There is a need to understand the effect of different turbulence
models on the aerodynamic analysis of an airfoil. The different flow modeling methodologies and the
accuracy of results should be studied. The aim of the present work is to carry out the numerical
analysis of the aerodynamic performance of NACA 0018 airfoil using different turbulence models.
The Computational Fluid Dynamics (CFD) solver, Ansys Fluent, is used for this numerical study.
2. Methodology
In this paper, the NACA 0018, the well-documented airfoil from the 4-digit series of NACA airfoils,
was used. The NACA 0018 airfoil is symmetrical; the 00 indicates that it has no camber. The 18
indicates that the airfoil has an 18% thickness to chord length ratio; it is 18% as thick as it is long.
Reynolds number for the simulations range from Re=0.8x105 to Re=0.3x106, same with the reliable
experimental data from NACA (1959), in order to validate the present simulation. The free stream
temperature is 300 K, which is the same as the environmental temperature. The density of the air at
the given temperature is ρ = 1.225kg/m3, and the viscosity is μ = 1.7894×10-5kg/ms. The SST k-omega
turbulence model was used in ANSYS Fluent 16. Calculations were done for angles of attack ranging
from 0 to 18°. The airfoil profile, boundary conditions, and meshes were all created in the
Workbench. The inlet, outlet and wall boundary conditions are depicted in Figure 1. The resolution
of the mesh was more magnificent, close to the airfoil boundary layer regions where greater
computational accuracy was needed.
The majority of time spent on a CFD project in the industry is usually devoted to successfully
generating a mesh for the domain geometry that allows a compromise between desired accuracy
and solution cost. After the creation of the grid, a solver is able to solve the governing equations of
the problem. The essential procedural steps for the solution of the problem are the following. First,

2

CFD Letters
Volume 12, Issue 3 (2020) 1-10

the modeling goals have to be defined, and the model geometry and grid are created. Then, the
solver and the physical models are stepped up in order to compute and monitor the solution.
Afterward, the results are examined and saved, and if it is necessary, we consider revisions to the
numerical or physical model parameters.
3. Governing Equation
For the two-dimensional, unsteady and incompressible flow, we consider that the governing
equations are the RANS equations as follows;
𝜕𝑢𝑖
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where 𝑢𝑖 is the mean velocity, 𝜈 the kinematic viscosity of the air, q the density of air, 𝜌 the pressure,
and −𝑢𝑖′̅𝑢𝑗′̅ the Reynolds stress.
4. Turbulence Models
4.1 The SST k-omega Turbulence Model
The k-omega SST turbulence model includes transport of the turbulence shear stress in the
definition of the turbulent viscosity. These features make this model more accurate and reliable for
a more comprehensive class of flows (for example, adverse pressure gradient flows, aerofoils, and
transonic shock waves) than the standard and the BSL - models. So, that is the main reason behind
choosing the k-omega SST turbulence model over standard and BSL model. K-omega SST turbulence
model is governed by,
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Where β*=𝛽∗=𝜀/𝑘𝜔 and the turbulence stress tensor is
𝜏𝑖𝑗 = −𝜌𝑢𝑖′ 𝑢𝑗′ = 𝜇𝑡 (
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The turbulence viscosity can be estimated by𝑣𝑡=𝑎1𝑘/max (𝑎1𝜔,Ω𝐹2), where 𝛺 is the absolute value
of the vorticity, 𝑎1 = 0.31.
4.2 The k-kl-𝝎 Model
Transition flows work on K-kl-ω model as the accuracy levels predicted by this model are high.
Three expressions are modeled for finding viscosity in turbulent mode.
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5. Numerical Analysis
The data formulated by Gerakopulos et al., [6] is used for testing turbulence models on NACA
0018 airfoil. ANSYS Design Modular is used for the generation of the surface around the airfoil, and
the same is depicted in Figure 2.
5.1 Computational Domain and Meshing
The solution domain for the NACA0018 airfoil is generated by using ANSYS/Workbench. The
solution domain is the C-shaped domain, as shown in Figure 1, and the resulted mesh consists of
structured quad elements, as shown in Figure 2. The initial values of viscosity, pressure, and density
are taken as that of sea level.

Fig. 1. Domain of 2-D airfoil geometry

Fig. 2. Meshing of the 2D airfoil
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5.2 Grid Independence Test
They were utilizing mid-fine as well as a superfine mesh, which is more suited for the optimized
values of the drag and lift. The residuals were monitored as a measure of solution convergence.
Residuals directly quantify the error in the solution, and it measures the local imbalance of a
conservative variable in each control volume. In this study, the residual value setting value
considered was 1e-6. Base on the grid independence tests, it is concluded that mid-fine mesh seems
to be optimum for the present study in order to obtain the optimum value of the lift and drag
coefficients. Hence, Table 1 indicates the results of various mesh configurations and under what
conditions they become independent.
Table 1
Mesh Independence test results
Mesh
Standard
Coarse
Mid
Mid-Fine
Fine

CL
0.5827
0.6221
0.7021
0.7172
0.7172

CD
0.0373
0.0313
0.0207
0.0213
0.0213

6. Results
The presented results include Reynolds number of 0.8x105 to 0.3x106and the angle of attack up
to 180. In this study, the results obtained from the numerical simulations using different turbulence
models were compared with experimental results from the literature. Under the standard situations,
the evaluation of lift and drag coefficients are presented in Table 2, and the standard SST k-ω model
has given good results after the results were compared with the experimental results from the
literature. Therefore, this model is selected for the simulations at all angles of attack and different
Reynolds number.
Table 2
Computational results at different turbulence models
Turbulence Model
Standard k-ɛ
Standard k-ω
SST-k-ω
Transition k-kl-ω

CL
0.8171
0.94129
1.019
1.05677

CD
0.0234
0.0201
0.0193
0.0187

However, the SST k-ω was not able to predict the flow separation phenomena. Therefore, the
study was carried using the Transition k-kl-ω model. This turbulence model chosen was able to
predict the separation bubble and flow behavior at high angles of attack. It should be noted that the
other models, such as Standard 𝑘- 𝜀 or Standard and 𝑘-𝜔 model was also able to predict the lift
coefficients at low angles of attack, as shown in Figure 3.
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Fig. 3. Lift coefficient for different turbulence models at Re =
160x103

6.1 Lift Coefficient Results
Lift coefficients obtained from the computational studies at different angles of attack and
Reynolds number are exhibited in Figure 4(a) to 4(f). The outcomes demonstrate that, usually, the
stall angle increases with increasing the Reynolds number. An increase in the Reynolds number from
Re = 80x103 to Re = 200x103 results in an increase in the stall angle from AOA of 10° till 14° and an
increase in stall for higher lift coefficient.

4(a)

4(b)
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4(c)

4(d)

4(e)

4(f)

Fig. 4. Lift coefficient for different Turbulence Models

6.2 Pressure Coefficient Distribution Results
From the results, it is clear that the flow separation can be predicted only by the Turbulent
Transition model. Figures 5(a) to 5(d) shows that the laminar separation bubble moves over the airfoil
surface at different angles of attack. The result of k-ω and SST k-ω models are also plotted in the
same plot, and they were not able to predict the flow separation behavior. However, k-kl-𝝎 Model
provides excellent results as it predicts the flow behavior both at different angles of attack accurately,
as shown in Figures 5(a) to 5(d).
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5(a)

5(b)

5(c)

5(d)

Fig. 5. Pressure Distribution of different turbulent models compared

Therefore, the overall aerodynamic results obtained in this study reveal that reliable lift
coefficients are obtained using standard SST k-ω model, and the resulted values of the experimental
study and the current CFD study are found to be in good agreement. However, an accurate and
transition turbulence model is needed to capture capturing the transition behavior for low Reynolds
numbers flows. In this study, k-kl-𝝎 Model was able to predict the flow separation.
7. Conclusions
The results obtained from the numerical simulations using the FLUENT has demonstrated its
capability to obtain reliable results similar to the wind tunnel results. The Ansys Fluent provides
reliable results, and the researchers can save the enormous cost involved in the wind tunnel test.
The lift and drag results obtained from the standard SST k-ω turbulence model have given
accurate results even at low Reynolds numbers. The SST k-ω turbulence model is best for predicting
lift coefficients, but drag coefficients show discrepancy when compared with experimental results.
Similarly, the results of surface pressure coefficients are plotted and compared with experimental
results. But the SST k-ω turbulence model fails to predict the separation bubbles. The transition can
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be predicted only at high angles of attack. To predict the flow separation phenomena, k-kl-𝝎 Model
was capable of predicting the separation bubble, overall correct lift, and drag coefficient at a low
angle of attack.
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