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Abstract—The current study examines the steady-state 

two-dimensional subsonic flow over NREL’s S834 airfoil at 

various angles of attack using a commercial Computational 

Fluid Dynamics (CFD) code. The simulations were performed 

for various angles of attack and at two different Reynolds 

numbers, Re=3.5×105 and Re=5×105. The Spalart-Allmaras, the 

Realizable k-ε and the Standard k-ω turbulence models were 

tested to find which is the most suitable to accurately predict the 

aerodynamic coefficients of the airfoil. Additionally, in order to 

validate the numerical results a comparison against reliable 

experimental data was also conducted. Calculations have shown 

that at low angles of attack the relative error of the 

computational results was negligible, although for high angles 

of attack this error is significantly high. 

 
Index Terms— Aerodynamic performance, Computational 

Fluid Dynamics, S834 airfoil, Turbulence models.  

 

I. INTRODUCTION 

Renewable energy technologies are the energy solution for 

the future since the results of climate change are more intense 

year by year. Among the renewable energy sources (RES), 

wind energy is one of the most popular since its cost is low, 

and it has minimum environmental effects.  

The performance of the Horizontal Axis Wind Turbines 

(HAWTs) depends on the aerodynamic performance of the 

airfoils from which their blades are constructed. Recently, 

researchers have shown an increased interest in studying 

numerically the airfoils aerodynamics, by the help of 

commercial Computational Fluid Dynamics (CFD) codes. 

Almost 10 years ago, in 2012, Douvi et al. [1] simulated the 

aerodynamic behavior of NACA 0012 airfoil at Reynolds 

number of 3×106, with three turbulence models, available in 

the CFD code ANSYS Fluent. They found out that the CFD 

code was not able to simulate the transition point and the 

predicted drag coefficient values were higher than the 

corresponding experimental data. In the same year, Wang and 

Liu [2] studied numerically DU-93-W-210 and S809 airfoils, 

with ANSYS Fluent and they also concluded that the 

obtained results for the drag coefficient were inconsistent 

with the experimental data.  

Ibrahim et al. [3] studied both numerically and 

experimentally a wind turbine airfoil at two different 
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Reynolds numbers, 2.5×104 and 5×104, and they found that 

three-dimensional effects were not captured by 

two-dimensional simulations. In 2014, Shah et al. [4] 

designed and studied numerically a novel airfoil for small 

HAWT, operating at various Reynolds numbers, from 6×104 

up to 5×105. A year later, the same researchers [5] analyzed 

computationally the transition from laminar to turbulent 

region and the laminar separation bubble over UBD5494 

airfoil at five different Reynolds numbers. From their results 

it was obvious that the size of separation bubble decreases 

when Reynolds number increases. In 2016, Chaudhary and 

Nayak [6] studied the correlation between angle of attack and 

Reynolds number for NACA 63-412 and NACA 63-415 

airfoils, and by comparing the lift-to-drag ratio for the two 

examined airfoils, they concluded that NACA 63-415 airfoil 

performs better. 

In 2017, Mauro et al. [7] coupled ANSYS Fluent with a 

Micro-Genetic Algorithm, in order to get more accurate 

results. They demonstrated that the most accurate turbulence 

model was the Transitional SST model and they calibrated its 

local correlation parameters, using the well-known S809 

airfoil lift coefficient data. Then, they utilized the same 

correlation parameters for NACA 0018 airfoil and the 

obtained results were acceptable. The ultimate purpose of 

their study was to use this calibration in order to improve the 

HAWT rotor simulations.  

In 2019, Belfkira et al. [8] studied by the help of ANSYS 

Fluent and XFOIL the NACA63-618 airfoil, which is used in 

HAWT blades, at various angles of attack and operating at a 

Reynolds number of 3×106. They validated the obtained 

results by comparing them with corresponding experimental 

data and concluded that the Spalart-Allmaras turbulence 

model was the most appropriate to calculate the aerodynamic 

coefficients for this airfoil.  

Recently, Khan et al. [9] studied the flow over 

NACA 0018 airfoil at positive angles of attack, ranging from 

0 up to 18 degrees for various Reynolds numbers with four 

different turbulence models in ANSYS Fluent. They 

concluded that the SST k-ω turbulence model predicted more 

accurately the lift coefficient for low angles of attack, whilst 

the Transition k-kl-ω model was able to capture the flow 

separation and reattachment regions. 

In this paper, the flow over S834 airfoil is studied, by the 

help of the commercial CFD code, ANSYS Fluent [10]. The 

aerodynamic behavior of this airfoil was examined at various 

angles of attack, ranging approximately from -6 degrees to 13 

degrees and at two Reynolds numbers, specifically 

Re=3.5×105 and Re=5×105. 
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II. COMPUTATIONAL METHOD 

NREL’s S834 is a low Reynolds airfoil and belongs to the 

National Renewable Energy Laboratory family of 

airfoils [11]. It is typically used for small HAWTs blade 

designs, with a rotor diameter equal from 1m to 3m [12]. 

S834 airfoil maximum thickness is 15% at 39.5% of the 

chord length and maximum camber is 1.6% at 60% of the 

chord length [13]. Fig. 1 illustrates S834 airfoil profile [14]. 

 

 
Fig. 1. NREL’s S834 airfoil profile [14]. 

 

For the purposes of the present study, the chord of the 

airfoil is 1m. Additionally, the flow domain consists of a 

semicircle and a rectangle. The center of the semicircle 

coincides with the trailing edge of the airfoil, where the 

rectangle also starts. The semicircle has a radius of 12m and 

the rectangle is 21m in length, while its width is 24m. 

The C-type flow domain is fully structured and consists of 

80,000 quadrilateral cells, as presented in Fig. 2. The grid 

becomes denser around the airfoil and the trailing edge as 

shown in Fig. 3.  

 

 
Fig. 2. 80,000 cells structured mesh 

 

 
Fig. 3. Structured mesh around airfoil 

 

The 80,000 number of cells were chosen after a grid 

independence study. The study demonstrates that the error in 

the results is small when the number of cells is between 

80,000 cells and another number that is greater than 80,000 

cells (e.g. 120,000, 150,000). Moreover, as the number of 

cells increases, so do the time and the computational power 

required to calculate the results. Additionally, the y+ value is 

smaller than 3 and the viscous boundary sublayer can be 

solved accurately. The semicircle and the upper and lower 

sides of the rectangle are set as velocity inlet, the right side of 

the rectangle is set as outlet and the airfoil as wall.  

The ANSYS Fluent code solves the RANS equations using 

finite volume discretization. In this analysis, air temperature 

is equal to 300K, atmospheric pressure is 1atm, viscosity μ 

for the given conditions is equal to 1.7894×10-5kg/ms and air 

density ρ is equal to 1.225kg/m2. 

Furthermore, free stream velocity depends on the Reynolds 

number. The relation between Reynolds number and free 

stream velocity is demonstrated in the following equation: 

 

 
u c

Re



  (1) 

 

In (1), u∞ is the free stream velocity and c is the chord 

length of the airfoil. The chord length is equal to 1m and the 

values ρ and μ are as mentioned above, so the free stream 

velocity is equal to 5.113m/s and 7.304m/s for Reynolds 

numbers of 3.5×105 and 5×105, respectively. 

According to Mach number, the flow is incompressible. 

Mach number M is defined as follows: 

 

 u






    (2) 

 

In (2), α∞ is the sound velocity and u∞ the free stream 

velocity. For these conditions, sound velocity is equal to 

347.5m/s, which leads to Mach number values lower than the 

critical Mach number Mcr=0.15, which determines whether 

the flow is compressible or not. 

In this study the Realizable k-ε, the Spalart-Allmaras and 

the Standard k-ω turbulence models are examined. The 

numerical results obtained in the present study were 

compared with valid wind tunnel experimental data by Selig 

and McGranahan [15]. For Re=3.5×105 the angle of attack 

ranges from -6.08° to 13.31°, while for Re=5×105 the angle of 

attack ranges from -6.06° to 13.24°. 

III. RESULTS AND DISCUSSION 

A. Aerodynamic Coefficients 

The aerodynamic coefficients were calculated using three 

different turbulence models, as described above. In order to 

validate the results, they were compared with corresponding 

reliable experimental data by Selig and McGranahan [15]. 

From Table I to Table IV the experimental data are compared 

with the computational results. From Fig. 4 to Fig. 7 are 

presented the lift and drag coefficients versus angle of attack 

for S834 airfoil. 
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Table I. Lift coefficient values from Selig and McGranahan 

[15] and computational results from three turbulence models 

at Re=3.5×105 

angle of 

attack 

Selig and 

McGranahan 

Spalart- 

Allmaras 

Realizable 

k-ε  

Standard 

k-ω 

-6.08 -0.423 -0.409 -0.410 -0.419 

-4.04 -0.189 -0.209 -0.203 -0.217 

-2.00 0.024 0.000 0.011 -0.008 

0.08 0.238 0.215 0.230 0.212 

2.11 0.441 0.425 0.441 0.424 

4.22 0.624 0.634 0.653 0.637 

6.18 0.806 0.816 0.837 0.827 

8.27 0.926 0.992 1.012 1.015 

10.25 1.037 1.134 1.152 1.069 

12.32 1.081 1.239 1.263 1.184 

13.31 1.076 1.269 1.299 1.016 

Table II. Drag coefficient values from Selig and McGranahan 

[15] and computational results from three turbulence models 

at Re=3.5×105
 

angle of 

attack 

Selig and 

McGranahan 

Spalart- 

Allmaras 

Realizable 

k-ε  

Standard 

k-ω 

-6.08 0.015 0.020 0.019 0.021 

-4.04 0.013 0.018 0.018 0.018 

-2.00 0.011 0.017 0.017 0.017 

0.08 0.010 0.017 0.017 0.016 

2.11 0.010 0.018 0.018 0.017 

4.22 0.010 0.020 0.019 0.018 

6.18 0.011 0.023 0.022 0.021 

8.27 0.016 0.028 0.026 0.025 

10.25 0.026 0.035 0.032 0.029 

12.32 0.049 0.046 0.041 0.030 

13.31 0.072 0.054 0.047 0.024 

Table III. Lift coefficient values from Selig and McGranahan 

[15] and computational results from three turbulence models 

at Re=5×105
 

angle of 

attack 

Selig and 

McGranahan 

Spalart- 

Allmaras 

Realizable 

k-ε  

Standard 

k-ω 

-6.06 -0.374 -0.407 -0.413 -0.425 

-4.00 -0.173 -0.201 -0.202 -0.212 

-1.96 0.039 0.010 0.012 0.004 

0.07 0.246 0.222 0.226 0.220 

2.14 0.461 0.436 0.442 0.438 

4.17 0.662 0.639 0.647 0.646 

6.19 0.808 0.830 0.839 0.844 

8.26 0.937 1.005 1.017 1.033 

10.24 1.056 1.148 1.163 1.198 

12.36 1.119 1.256 1.283 1.348 

13.24 1.119 1.282 1.317 1.401 

 

Table IV. Drag coefficient values from Selig and 

McGranahan [15] and computational results from three 

turbulence models at Re=5×105
 

angle of 

attack 

Selig and 

McGranahan 

Spalart- 

Allmaras 

Realizable 

k-ε  

Standard 

k-ω 

-6.06 0.012 0.020 0.018 0.017 

-4.00 0.010 0.018 0.016 0.016 

-1.96 0.009 0.017 0.016 0.015 

0.07 0.008 0.017 0.016 0.015 

2.14 0.008 0.018 0.017 0.016 

4.17 0.009 0.020 0.018 0.017 

6.19 0.011 0.023 0.021 0.020 

8.26 0.016 0.028 0.025 0.023 

10.24 0.024 0.036 0.030 0.028 

12.36 0.046 0.047 0.039 0.036 

13.24 0.068 0.053 0.043 0.040 

 

 
Fig. 4. Comparison between experimental data and 

computational results of lift coefficient from three turbulence 

models at Re=3.5×105 

 

 
Fig. 5. Comparison between experimental data and 

computational results of drag coefficient from three 

turbulence models at Re=3.5×105 

 

 
Fig. 6. Comparison between experimental data and 

computational results of lift coefficient from three turbulence 

models at Re=5×105 
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Fig. 7. Comparison between experimental data and 

computational results of drag coefficient from three 

turbulence models at Re=5×105 

 

Fig. 4 shows the lift coefficient at the Reynolds number of 

3.5×105. It is obvious that the numerical results derived from 

the three turbulence models that were examined differ 

slightly, especially for lower angles of attack, in the range 

from -6.08° to 8.27°. Also, for the same range of angles of 

attack, the lift coefficient increases linearly and the numerical 

results agree well with the corresponding experimental data. 

As the angle of attack increases and approaches stall 

conditions, the relative error between experimental data and 

computational results also increases. However, in the present 

study the Standard k-ω turbulence model agrees with the 

experimental data at the stall conditions, as shown in Fig. 4.  

In Fig. 5 the drag coefficient versus angle of attack for 

Re=3.5×105 is presented. The computational results of the 

drag coefficient are obviously higher than the experimental 

data, although the curves of the three turbulence models, as 

well as the experimental data, exhibit the same behavior. At 

angles of attack near stall conditions, the computational 

method results in lower values of drag coefficient. 

For both coefficients and more importantly for the drag 

coefficient, the error between experimental data and 

computational results was expected. Normally, as the flow 

approaches the airfoil surface, the flow is laminar. The three 

turbulence models that were examined consider that the 

boundary layer is turbulent in all region and for that reason 

the calculated values of drag coefficients are higher than the 

corresponding experimental data. 

The most appropriate model to simulate the flow over 

S834 airfoil operating at Re=3.5×105 is the Standard k-ω 

turbulence model. Although the drag coefficient results near 

the stall angle of attack are worse compared to the other two 

models, the lift coefficient results are better near stall 

conditions. Moreover, the smallest relative error of the 

Standard k-ω model is 0.98% at -6.08°. Near stall, at 12.32°, 

the relative error is 9.51% and at 13.31° the relative error of 

the lift coefficient is 5.54% in contrast to the other two 

models where the relative error near stall is around 20%. 

Fig. 6 and Fig. 7 show the results of aerodynamic 

coefficients at Re=5×105. The experimental data and 

simulation results for lift coefficient agree from -6.06° to 

8.26° and as the angle of attack approaches the area near stall 

conditions, a disagreement between the results is observed.  

Regarding the drag coefficients for Re=5×105 (Fig. 7), the 

computational results are higher than the experimental data, 

except from the angles of attack near stall, where the 

experimental data are higher than the computational results. 

The most appropriate model for Re=5×105 is the 

Spalart-Allmaras turbulence model. This model accurately 

approaches lift coefficient and is also more accurate near stall 

compared to the other two models, while it calculates more 

accurately the drag coefficient near stall. Specifically, the 

smallest relative error of the Spalart-Allmaras model is 

2.68% at 6.19°. Near stall conditions, at 12.36°, the relative 

error is 12.23% and at 13.24° the relative error of lift 

coefficient is 14.6% in contrast to the other two models, 

where the relative error near stall is 17.7% for Realizable k-ε 

and 25.20% for Standard k-ω turbulence model.  

Fig. 8 to Fig. 15 provide the results regarding the static 

pressure and the velocity magnitude distribution of the flow 

field over S834 airfoil.  

 

 
Fig. 8. Contour of static pressure for Re=3.5×105 at 0.08° 

angle of attack and for the Standard k-ω turbulence model 

 

 
Fig. 9: Contour of velocity magnitude for Re=3.5×105 at 

0.08° angle of attack and for the Standard k-ω turbulence 

model 
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Fig. 10. Contour of static pressure for Re=3.5×105 at 13.31° 

angle of attack and for the Standard k-ω turbulence model 

 

 
Fig. 11. Contour of velocity magnitude for Re=3.5×105 at 

13.31° angle of attack and for the Standard k-ω turbulence 

model 

 

 
Fig. 12. Contour of static pressure for Re=5×105 at 0.07° 

angle of attack and for the Spalart-Allmaras turbulence model 

 

 
Fig. 13. Contour of velocity magnitude for Re=5×105 at 0.07° 

angle of attack and for the Spalart-Allmaras turbulence model 

 

 
Fig. 14. Contour of static pressure for Re=5×105 at 13.24° 

angle of attack and for the Spalart-Allmaras turbulence model 

 

 

 
Fig. 15. Contour of velocity magnitude for Re=5×105 at 

13.24° angle of attack and for the Spalart-Allmaras 

turbulence model 

 

Since Reynolds number is lower than 5×105, which is the 

critical value of the transition from laminar to turbulent 

boundary layer over a flat plate, it is possible that laminar 

separation bubble occurs before the turbulent flow region. It 

should be noted that the turbulence models that were added in 

the simulations are not able to predict this phenomenon and 

capture this separation bubble, as they consider that the flow 

is turbulent throughout the domain. If the transition region 

between the laminar flow and the turbulent flow was known, 

the results would possibly be more accurate. 

From the contours of static pressure, it is apparent that the 

pressure on the lower airfoil surface is greater than the 

pressure of the free stream, therefore lift force is generated. 

Finally, from the velocity magnitude contours it was observed 

that the stagnation point on the front edge of airfoil depends 

on the angle of attack. 

IV. CONCLUSION 

The present study examines the behavior of NREL’s S834 

airfoil, operating at two different Reynolds numbers. A 

steady state two-dimensional computational study was held 

on ANSYS Fluent in order to calculate the aerodynamic 

coefficients, and more specifically lift and drag coefficients, 

using three turbulence models. The computational results 

were compared against experimental data, in order to validate 

the simulation. The computational results of lift coefficient 

agreed with the corresponding experimental data in contrast 

to the drag coefficient, which values were overpredicted. 

Subsequently, pressure and velocity contours were captured 

and observed. Although the Reynolds number is less than 

5×105, the examined turbulence models were not able to 
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capture the laminar separation bubble and reattachment 

phenomenon.  
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