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Abstract: 
In present work numerical two dimensions, steady, incompressible, 

turbulent flow past S809 wind turbine airfoil with microtab at 95% of chord length 
of leading edge in lower surface is analyzed by Fluent (6.2) program for model 
consists of S809 airfoil without and with microtab at 95% of chord line have height 
1.1% and other 2% of chord length undergo to turbulent flow k-ɛ model, the flow 
has Reynolds number is 106. The results are represented by velocity contour and 
vector. Aerodynamic coefficients are drawn in graph. The results are showed an 
increase lift and drag coefficient in existence microtab locate 95% of chord at it's 
height 1.1% and 2% of chord to range of attack angle (0, 5, 10, 15, 20) degrees. 
The results compare with experimental data of standard airfoil and existence 1.1% 
chord length microtab and it is approximately good. Values of lift & drag 
coefficient are increased for the existence of 1.1% chord length microtab while in 
case the existence of microtab 2% chord length lift coefficient increased which it's 
max. increment by 46% while, drag coefficient decreased it's min. increment to be 
26% but not full range of attack angle. 

Keywords: S809, k-ε turbulent, Microtab. 

في توربین ھوائي  S809تحسین الخواص الایرودینامیكیة لریشة نوع 
  باستخدام جنیح

  ةــالخلاص
مس   تقر ، غی   ر انض   غاطي ,  الإبع  ادف  ي ھ   ذا الموض   وع دراس  ة عددی   ة لجری   ان ثن   ائي 

 ٪95موض وع عل ى بع  د  لت وربین ھ وائي م  ع جن یح S809ح ول ریش  ة ن وع  k-εمض طرب ن وع 
لنم وذج  Fluent (6.2)التحلیل تم بواس طة برن امج . لسطح السفلي طول الریشة من مقدمة الریشة

لم دى م ن زوای ا  ط ول الریش ة ٪2 الحال ة الأخ رى ب ـ٪ و1.1بط ول  الریشة بدون وبوجود الجن یح
  .  610درجة ورقم رینولدز یساوي ) 20,  15,  10,  5,  0(   الھجوم

یرودینامیكیة رسمت المعاملات الآ. عة ودقائق الجریانالنتائج مثلت كخرائط كنتوریة لسر
فق ط وك ذلك ن أخریین لنم وذج الریش ة بشكل مخططات بیانیة وتم مقارنتھا مع نتائج تجریبیة لباحثی

ً المقارن ة نت ائج وكان ت  لمعام ل الرف ع ٪ طول الریش ة 1.1بطول  بوجود الجنیح كم ا , جی دة تقریب ا
ام ل ٪ ط ول الریش ة ك ذلك زی ادة مع1.1 لرفع والكبح عندما كان طول الجن یحبینت زیادة معاملي ا

یقل وبنقص ان ف ي قیمت ھ الص غرى الكبح  معاملبینما % 46بحیث الزیادة في قیمتھ العظمى الرفع 
.طول الریشة  ٪2یساوي  طول الجنیح في ح لةولكن لیس على طول مدى زاویة الھجوم % 26
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Nomenclature: 
Latin 

symbols Description 

a1, a2 coordinate transformation coefficients 
C chord length (m) 
J jacobean of transform matrix for the curvilinear coordinate system 
k turbulent kinetic energy (m2/s2) 
U∞ free air velocity (m/s) 
G1, G2 contravariant velocity component in x, y – direction respectively  
P local pressure (N/m2) 
Cp pressure coefficient   
Cf skin friction coefficient  
CN normal force coefficient  
CA axial force coefficient  
S(Mx, My, k, ɛ) source term due to non-orthogonal characteristic of grid system 
Cd drag coefficient  
N  normal force (N) 
A axial force (N) 
Cl lift coefficient  
U∞ free velocity of air (m/s) 
(L/D)max Lift to drag maximum ratio 
u, v velocity component in x, y – direction respectively (m/s) 
x cartesian coordinate in horizontal direction (m) 
y cartesian coordinate in vertical direction (m) 
 

Greek 
symbols Description 

τ shear stress (N/m2) 
α angle of attack (degree) 
ε dissipation of turbulent kinetic energy (m2/s2) 
ρ density of the air (kg/m3) 
ξ, η dimensionless body-fitted coordinates 
Γ(u, v, k, ε) diffusion vector  
µeff dynamic viscosity of the air (kg/m.s) 
 

symbols Abbreviations 
CFD Computational Fluid Dynamic  

S809 NREL's S-Series Wind Turbine Airfoil have 21%C maximum 
thickness   

NREL National Renewable Energy Laboratory 

tab1 Airfoil with microtab locate 95%C from leading edge with height 
1.1%C 

tab2 Airfoil with microtab locate 95%C from leading edge with height 
2%C 
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INTRODUCTION 
mproving performance of wind turbine airfoil by using microtabs as a device 
for active load control applications is located close to the trailing edge like to 
Gurney flap or flap itself. Microtabs are perpendicular to lower surface of 
airfoil approximately where incline with small angle with chord line. In fact 
aerodynamic forces exerted on tab are analyzed to lift and drag in additional to 

lift of airfoil at high speed drag force given separation in boundary layer at front of 
tab therefore, using it in wind turbine due to low speed reach in the present to 
14.61 m/sec [5].  

Peter Baek & Mac Gaunaa (2001) analyzed the temporal response of the 
microtab, they show that it has two disadvantages compared with a trailing edge 
flap, when considering it for active load control of a wind turbine. First of all the 
microtab has a reverse control phenomenon in initial phase of deployment, and 
second of all the response is delayed, compared with the flap, due to buildup of 
flow structures. To find an engineering model for the temporal response of the 
microtab to investigate the behavior of  the microtab in an aeroelastic model of a 
wind turbine. Before they attempted to model the microtab in detail, they inserted 
temporal of the microtab found with CFD directly into the aeroelastic code 
FLEX5. They found that the reverse control was not important for the response of 
the blade. They propose to use a simple queue delay to model the flow physics of 
the microtab. They calculated the load reduction potential of the microtab, 
assuming that they could model it as a delay, and compared it to that of a trailing 
edge flap. In them calculation the trailing edge flap had a load reduction potential 
twice as big as the microtab solution [1].  

Raymond Chow & C. P. van Dam (2007) analyzed flow about a wind 
turbine airfoil with a deploying microtab device has been numerically simulated by 
solving unsteady turbulent compressible two-dimensional, Navier-Stokes equations 
with the OVERFLOW2 solver. Using a Chimera/overset grid topology, microtabs 
were placed at 95% of chord of a S809 airfoil. Microtab heights on the order of 1% 
of chord, deployed on the order of one (1) characteristic time unit were utilized. 
The effect of free stream angle of attack on the aerodynamic response was also 
investigated. Validation studies with experimental results for static deployed 
microtabs and a dynamically deployed spoiler were also performed to ensure 
accurate temporal and spatial resolution of the numerical simulations [2].  

C.P. Van Dam et al (2007) reduced the cost of wind-generated electricity 
by mitigating fatigue loads acting on the blades of wind turbine rotors. One way to 
accomplish this is with active aerodynamic load control devices that supplement 
the load control obtainable with current full-span pitch control. Techniques to 
actively mitigate blade loads that are being considered include individual blade 
pitch control, trailing-edge flaps, and other much smaller trailing-edge devices 
such as microtabs and microflaps. The focus of their work is on the latter 
aerodynamic devices, their time-dependent effect on sectional lift, drag, and 
pitching moment, and their effectiveness in mitigating high frequency loads on the 
wind turbine [3].  
  J.J. Wanga et al (2007) have been used the Gurney flap Since its 
invention by a race car driver Dan Gurney in 1960s, it used to enhance the 
aerodynamics performance of subsonic and supercritical airfoils, high-lift devices 
and delta wings. In order to take stock of recent research and development of 
Gurney flap, they have carried out a review of the characteristics and mechanisms 
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of lift enhancement by the Gurney flap and its applications. Optimum design of the 
Gurney flap is also summarized in them paper. For the Gurney flap to be effective, 
it should be mounted at the trailing edge perpendicular to the chord line of airfoil. 
The flap height must be of the order of local boundary layer thickness. For 
subsonic airfoils, an additional Gurney flap increases the pressure on the upstream 
surface of the Gurney flap, which increases the total pressure of the lower surface. 
At the same time, a long wake downstream of the flap containing a pair of counter 
rotating vortices can delay or eliminate the flow separation near the trailing edge 
on the upper surface. Correspondingly, the total suction on the airfoil is increased. 
For supercritical airfoils, the lift enhancement of the Gurney flap mainly comes 
from its ability to shift the shock on the upper surface in the downstream. 
Applications of the Gurney flap to modern aircraft design are also discussed in this 
review [4].                

 Baker et al (2005) conducted more comprehensive 2-D computational 
experiments further examining tab height and location on both upper and lower 
surface on the S809 and the GU25-5(11)8 airfoil. Pressure surface tabs 
demonstrated increase lift over all angles of attack, whereas suction surface tabs 
only decrease lift at angles of attack throughout the linear region. The suction 
surface tabs loses effectiveness at the higher angles of attack because the flow 
separates forward of the tab location. The optimal location for the lower surface tab 
in terms of lift and drag was again found to be around 95%c with a height on the 
order of the boundary layer thickness, or ~1%c. The computational studies were 
validated in the wind tunnel on the S809 airfoil [6].  
 
MATHEMATICAL FORMULATION: 
 Consider steady, two dimensional, turbulent k-ε model, and 
incompressible flow over S809 airfoil with microtab as shown in Fig. (1). The 
differential equations that describe the flow were integrated by the finite volumes 
method in two dimensions by FLUENT software package. 
 Continuity and Navier – Stokes or momentum equations are the governing 
equations for the problem are analyzed in a two – dimensional incompressible flow 
steady, fully viscous subsonic flow of a Newtonian fluid, continuity and 
momentum equation become, respectively [7]:                                 
continuity equation: 
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In y - direction (v-momentum): 
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x – momentum:  
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y – momentum: 

( ) ( ) MYvv SvJavJavGvG +







∂
∂

Γ
∂
∂

+







∂
∂

Γ
∂
∂

=
∂
∂

+
∂
∂

ηηξξ
ρ

η
ρ

ξ 2121          …(5)

   
k – equation: 
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S809 Airfoil Section 

The airfoil of interest for this study is the 21-percent thick S809; an airfoil 
from the NREL thick-airfoil family airfoil for horizontal-axis wind-turbine 
applications. For this purpose the airfoil was designed to have a sustained 
maximum lift, minimal sensitivity of lift to roughness, and low profile drag [9] as 
Figure (1). 
 
AERODYNAMIC CHARACTERISTICS: 
      Application of momentum conservation laws show that the forces and 
moments on an airfoil due to two sources once pressure distribution on the surface 
of the airfoil, and other shear stress distribution over the surface of the airfoil [9].        
      The pressure forces act normal to the surface of the airfoil and the shear stress 
acts tangential to the surface of the airfoil the integration of these two distributions 
over the surface of the airfoil yields a resultant force and moment. This resultant 
force can be divided into two components: one perpendicular to the chord line, the 
normal force (N) and other parallel to the chord line, the axial force (A) as Fig. 
(15). The pressure coefficient and the shear stress coefficients are given as[8]:         
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So, the lift coefficient and drag coefficient are related by: 
αα sincos ANl CCC −=             …..(18) 
αα cossin ANd CCC +=             …..(19) 
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Grid Generation: 
      Grid is generated by using GAMBIT in which geometry is drawn then divided 
to mesh is exported to FLUENT. The numerical calculations are done in it for 
varying angle of attack to purpose of estimate aerodynamics coefficients.  
     The grid microstructure is created in GAMBIT and is divided into non-uniform 
quadrilateral cells or elements having a total 61,474 and 33,705 nodes around 
airfoil only, but it's with microtab has quadrilateral & triangle elements are 76,678 
and 41,281 nodes. 
     Convergences at every step are checked and it's value of (106) in about 3000 
iterations in each case.  
 
RESULTS AND DISCUSSION: 
      The numerical results are represented for S809 airfoil has chord line length 1 
m, 21%C maximum thickness with microtab locate at 95%C of leading edge which 
has been taken two cases first has length 1.1%C and other 2%C as shown in Figs. 
(2, 4). Reynolds number equal 106, 1% turbulence intensity and 0.01 turbulent 
length scale by contour or flow map. The airfoil without & with microtab 1.1%C & 
2%C cases are represented aerodynamic coefficients with range of angles of attack 
are (0, 5, 10, 15, 20) degrees using Fluent (6.2) program by vectors and contours 
velocity in additional to graphs.  
      Vectors and contours velocity airfoil with microtab and height 1.1%C in Figs. 
(2, 3): show distribution of air particle around airfoil and microtab appear 
circulation flow in rear side of microtab of airfoil this circulation flow will increase 
as angle of attack increasing until 20 degrees in this time separation in boundary 
layer flow is fully complete from leading to trailing edge of airfoil in other words 
separation is existence before 20° attack angle appear over upper surface and then 
connect separation of upper with lower surface at rear side of microtab as Fig. (3). 
       Figures. (4, 5, 6, and 7): show flow past airfoil with microtab locate 95%C and 
height 2%C, circulation and separation in boundary layer appear in rear side of 
microtab further than that has height 1.1%C due to long microtab, therefore, 
separation will increase when angle of attack increases from 0, 5, 10 until 15 
degrees happen connect between separation in upper and lower (rear side of 
microtab) surface shows in Fig. (7).    
      The results of lift coefficient of S809 airfoil without and with microtab have 
heighted 1.1%C are compared with experimental data for other researcher (Baker 
et al, 2005) as shown in Figs. (8, 9). Numerical lift coefficient greater than it's 
experimental values in Fig. (8). this increment will increase as angle of attack 
increases that this comparison gives a good approach for lift coefficient.  
      Figures. (9): comparison numerical and experimental of S809 airfoil with 
microtab locate at 95% with 1.1%C length, note that experimental greater values 
than numerical but at 17.5 degrees angle of attack begin as experimental values 
across with other. Its values will decrease as angle of attack increases in small 
period because surface roughness, or perhaps data accuracy and humidity of air of 
experiment results in which take pure in FLUENT results. 
       Comparison between lift coefficient without and with microtab 95%C from 
leading edge and it's length of 1.1%C is numerically shown in Fig. (10). This 
increases lift coefficient with microtab further from standard airfoil lift values as 
increase in attack angle but at 12 degrees angle of attack where cross with other 
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curve then decrease in it's values, while note Fig. (11): represents different between 
experimental without and with microtab, clearly lift coefficient with microtab is 
more than that no microtab along range of angle of attack.         
      In relative to drag coefficient must be known effect after insert microtab where 
Fig. (12): numerical values of drag coefficient verse angle of attack, is clearly 
found increment in drag coefficient of airfoil with microtab than standard it due to 
circulation or eddy in rear side of microtab where this circulation work on 
decreasing back pressure of airfoil.  
       In case of increasing in height of microtab to 2%C, as shown in Figs. (13, 14), 
of relation between aerodynamic coefficient and angle of attack of S809 airfoil 
with two cases of microtab height 1.1%C & 2%C (called tab1 & tab2 respectively 
in figures)  in addition to standard airfoil. 
       In Fig. (13): there are increments in lift coefficient values that have 2%C 
height than other that have 1.1%C height microtab until cross with 1.1%C at 14 
degrees angle of attack then reduces to cross with standard airfoil at 17.5° angle 
until 20° degrees attack angle its value is lower than two other cases due to incline 
surface of microtab in zero attack angle will increase to work right angle or further 
to normal angle with flow; therefore, become microtab like to baffle plate generate 
lift force with opposite direction i.e., down direction works to reduce lift 
coefficient. 
       While in Fig. (14): shows decreasing drag coefficient of airfoil has 2%C height 
microtab is clearly further than two other cases until 13° attack angle and then will 
increase further to 20 i.e., range 0° to 13° is advantage limit, but after 13° attack 
angle microtab becomes normal on line of flow or flow velocity; therefore, its form 
resistance has opposite motion of airfoil.  
       In Fig. (16): is represented relationship between Cl & Cd it's behavior remains 
relatively constant until the airfoil reaches maximum lift coefficient then the drag 
coefficient begins in increase dramatically with small decreasing to lift coefficient 
in each cases (with and without microtab). To find the best glide ratio, have to 
draw a line from the origin tangentially to the curve, the values of Cl & Cd at the 
point where the line touches the curve which Cl / Cd ratio represent glide ratio and 
it is maximum value same as (L/D)max to be 11.0769 for the standard airfoil another 
(L/D)max = 32.8 for airfoil with microtab has 2%C height at range (5 – 10) degrees 
attack angle in each case.   
 
CONCLUSIONS  

1. The lift coefficient values of airfoil with height 1.1%C at 95%C from leads 
to edge greater than it's values without microtab as the attack angle 
increases until the angle 12 degrees.  

2. Increasing the lift coefficient of airfoil has microtab and its height 2%C  is 
further than its values existence of 1.1%C microtab has the same location, 
also further than standard airfoil until the angle 14 degrees after this 
decreasing further than two another cases.  

3. The drag coefficient values of airfoil with microtab height 1.1%C higher 
than it's values without microtab in full range of attack angle i.e., (0 to 20) 
degrees. 

4. The drag coefficient values of airfoil with microtab have 2%C height is 
decreased more than it's values in standard airfoil and with microtab have 
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1.1%C height with angle of attack until the angle 13 degrees, begin 
increases and continuous increasing until it reaches to 20 degrees. 
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Figure(1) Coordinate of S809 profile airfoil. 

 
 

 
 

Figure(2) Airfoil with microtab with height 1.1%C at zero angle of attack. 
 

 

 
 

Figure (3) Airfoil with mircotab with height 1.1%C at 20 angle of attack. 
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Figure(4) Airfoil with microtab with height 2%C at zero angle of attack. 
 

 
 

Figure (5) Airfoil with microtab with height 2%C at 5 angle of attack. 
 
 

 
 

Figure (6) Airfoil with microtab with height 2%C at 15 angle of attack. 
 
 

 
 

Figure (7) Airfoil with microtab with height 2%C at 20 angle of attack. 
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Figure (8) Comparison between experimental and numerical lift coefficient of 
S809 standard airfoil lift coefficient vs. angle of attack. 
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Figure (9) Comparison between experimental and numerical lift coefficient of 
S809 airfoil with microtab with height 1.1%C vs. angle of attack. 
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Figure (10) Comparison between numerical lift coefficient of S809 airfoil 
without and with microtab locate 95%C from leading edge with height 1.1%C 

vs. angle of attack. 
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Figure (11)  Comparison between experimental lift coefficient of S809 airfoil 
without and with microtab with height 1.1%C vs. angle of attack. 
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Figure (12) Comparison between numerical drag coefficient of S809 airfoil 
without and with microtab with height 1.1%C vs. angle of attack. 
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Figure (13) Comparison between numerical lift coefficient of S809 airfoil 
without and with microtab with height 1.1%C and another 2%C vs. angle of 

attack. 
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Figure (14) Comparison between numerical drag coefficient of S809 airfoil 
without and with microtab with height 1.1%C and another 2%C vs. angle of 

attack. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure (15) Components of the aerodynamics forces on airfoil 
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Figure (16) Numerical of airfoil S809 without & with microtab has 2%C 
height. 
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