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Abstract - The experimental tests are particularly important to achieve the high accuracy results for fluid flow around bodies and 
exact prediction of aerodynamics characteristics in industrial applications. Additionally the experimental results could be a credit 

yardstick to the validation of numerical results. In this study, we focus on the experimental investigation to analyse the aerodynamic 

characteristic of FFA-W3-270 airfoil. The airfoil shape has been adopted according to report for FFA airfoils series. The experiments 

were conducted at the Universiti Teknologi Malaysia Low Speed Wind Tunnel (UTM-LST). The experiments are accomplished to 

obtain lift, drag and moment coefficients and pressure distribution under various angles of attacks and the chord flow Reynolds number 

of 5×105 and 1×106.   
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Nomenclature: 
A‎e = effect area  

C = airfoil chord 

CD = drag coefficient  

CL = lift coefficient  
CM = moment coefficient  

FL = lift force  

FD = drag force  
FZ = side force  

Fx = transversal force  

P = static pressure measured  
P0 = free steam static pressure 

Re = Reynolds‎number‎=‎ρUC‎/‎µ 

U
 

= free stream velocity   

X = airfoil abscissa 
α = angle of attack 

ρ = density 

 
 

1. Introduction 
 With respects to the widespread development of horizontal axis wind turbine (HAWT) technology to supply higher  
percentage‎ of‎ electrical‎ energy,‎ choosing‎ of‎ wind’s‎ turbine‎ blade‎ airfoils‎ play‎ a‎ vital‎ role‎ in‎ the‎ enhancement‎ of‎

performance and achievement of maximum power output. Basically,‎the‎appropriate‎airfoils‎for‎wind’s‎turbine‎blades‎are‎
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those capable to produce high lift to affect the wind turbine to achieve its nominal power are selected. Lissaman [1], 

Guglielmo and Selig [2], and Olejniczak and Lyrintzis [3] have dedicated great effort to design airfoils to produce high lift 
at low Reynolds numbers. Lyon et al.[4], Selig et al. [5], Selig [6], Selig and Guglielmo [7] performed wind tunnel tests 

and it was found that the lift coefficient increase‎with‎ increasing‎of‎angle‎of‎attack‎very‎slowly‎much‎ less‎ than‎2π‎from‎

inviscid theory. Additionally drag coefficient increase very fast at small angle of attacks and drop significantly after 

reaching a critical angle of attack. Although experimental test deal with high cost, it could give accurate prediction of 
aerodynamic characteristics around bodies in a flow fields. In this experimental study, a 27-percent thick FFA-W3-270 

airfoil which was designed for pitch-regulated winds turbine, typically located‎ in‎the‎root‎part‎of‎wind’s‎turbine‎blade‎is‎

selected. In this paper we focus on measuring the pressure, force, and moment around the FFA-W3-270 airfoil then 
describe their variation versus different angle of attacks and Reynolds numbers.    
 

2. Experimental Method  
 Figure 1 shows the airfoil shape which has been adopted according to report of Björck for FFA airfoils series [8, 9]. 

The FFA series were designed to be structurally efficient.  

 

 
Fig. 1: The FFAW3-270 airfoil profile. 

 
 This experimental study was conducted at UTM-LST which is a close circuit, return-type subsonic wind tunnel. The 
test section is rectangular with a cross section dimensions of 2.0m × 1.5m and 5.8m long and the maximum wind speed is 

80 m/s propelled by a 430kw AC motor. The turbulence level and flow uniformity were about 0.06% and 0.15% 

respectively. The experiments were carried out using a fiberglass FFAW3-270 airfoil model with 500 mm chord length and 
750 mm span wise length which was mounted vertically in the test section. The loads were measured by a JR3-160, 6 

component balance mounted on a pyramidal type underfloor support system. The pressure distribution on the airfoil 

surface was measured using static pressure tapings and recorded via an electronic pressure. Pressure taps were located in 

bound width 50mm at the mid span of airfoil. The experimental tests were carried out for the chord length Reynolds 
numbers of 5×10

5
 and 1×10

6
 in wide range of angle of attack. 

 

3. Experimental Calculations 
 The pressure (CP ), Lift (CL), Drag (CD), and Momentum (CM) coefficients as well as the two main lift and drag 

aerodynamic forces are calculated by below expressions:  

 

CP =
∆P

1

2
ρU2

 (1) 

𝐶𝐿 =
𝐹𝐿

1

2
𝜌𝐴𝑒𝑈2

 (2) 

𝐶𝐷 =
𝐹𝐷

1

2
𝜌𝐴𝑒𝑈2

 (3) 

𝐶𝑀 =
𝑀𝑍

1

2
𝜌𝐴𝑒𝐶𝑈2

 (4) 

𝐹𝐿 = 𝐹𝑥 sin(𝛼) + 𝐹𝑧 sin(𝛼) (5) 
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   𝐹𝐷 = 𝐹𝑥 sin(𝛼) − 𝐹𝑧 sin(𝛼) (6) 

 
4. Results and Discussion 
 
4.1. Pressure Coefficient Distribution 

 Figure 2 illustrates the pressure coefficient distributions of the FFA-W3-270 airfoil at Rec=1×10
6
 for a limited range 

of angles of attacks. To avoid complexity, we have plotted the distributions in two diferent plots and limited to an angle of 

attack of 20 degrees. On the leading edge the pressure value is greater than the free stream pressure (P∞). So Cp is positive 

but with gradually expansion of flow over upper side of airfoil, pressure reduces very fast and becomes less than free 
stream pressure (P∞) whereby Cp in this region is negative. Additionally, as the angle of attack is increased, the maximum 

suction peak value at the leading edge on the suction side, significantly changes. While the value on the lower surface, 

does not change very much.  
 

 
Fig. 2: Pressure coefficient distribution at different. 

 
4.2. Lift Coefficient Variation 

 Figure 3 demonstrates the behaviour of lift coefficient curve at different Reynolds numbers in term of angle of attack 

for the FFA-W3-270 airfoil. At Rec=1×10
6
, the measured maximum lift coefficient is 1.52 at 16 degrees.  It is mention the 

lift coefficient at angle of attack of -2
o
 is equal‎to‎zero‎(i.e.‎αcl0 = - 2

o
). The lift coefficient increased with angle of attack 

and reached the maximum value (stall angle) then decreased with increasing of angle of attack. It is obvious from the 

experimental result that increasing of Reynolds number causes an increase in maximum lift coefficient so stall occurs at 
lower angle of attack. 
 

4.3. Drag Coefficient Variation 

 Figure 4 shows the distribution of drag coefficient in term of the angle of attack for the FFA-W3-270 airfoil at 

Rec=5×10
5
 and 1×10

6
. Comparison between two curves indicate that at low angle of attacks, the variation of Reynolds 

number has no significant effect on drag coefficient value. The contrary, with increasing of angle of attacks and separation 

of flow, Reynolds number affect could not be ignored. The drag coefficient reduced as the Reynolds number increased. For 

instance, at stall point, the drag coefficient at Rec=5×10
5
 is increased over 11.75% in comparison of Rec=1×10

6
. 

 
4.4. Pitching Moment Coefficient Variation 

  The pitching moment coefficient about the aerodynamic centre of the airfoil is defined. At this point pitching 
moment coefficient is almost independent of the angle of attack. This coefficient is zero for symmetry airfoil but for 
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cambered airfoil could be have been positive or negative value when it acts in nose-up or nose-down directions 

respectively. Figure 5 shows the pitching moment coefficient versus the angle of attack. As the moment was calculated 
about the of aerodynamics centre point (C/4), this coefficient does not appreciably change with the angle of attack. 

 

 
Fig. 3: Lift coefficient at different Reynolds numbers. 

 

 
Fig. 4: Drag coefficient at different Reynolds numbers. 

 
Fig. 5:  Pitching moment coefficient. 
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4.5. Polar Diagram 

 The lift coefficient versus drag coefficient is one of the most important curve for an airfoil. Carmichael et al. [10] 

have been investigated the effect of Reynolds number on L/D variation and has shown that the aerodynamic performance 
at high Reynolds number is often higher than that at low Reynolds number. Figure 6 give some information including 

CDmin (Minimum Drag Coefficient), CLi (Ideal Lift Coefficient) and CLd (Design lift coefficient) for FFA-W3-270 airfoil 

at two different chord length Reynolds numbers.  

 

 
Fig. 6: Polar diagram at different Reynolds numbers. 

 
5. Conclusion 
 This paper presents an experimental measured results of FFA-W3-270 airfoil, under different chord Reynolds 
numbers and a wide range of angle of attacks. With the increase of the angle of attack, the onset of separation as shown by 

the forming of separation bubble starts from trailing edge and grows as the angle of attack is further increased. The 

experimental results show by that increasing of angle of attack, suction peak on upper side of airfoil is maximized. By 
rising of angle of attack, the lift has a linearly increment up to reach maximum value, after this point (stall), increasing 

more leads to extremely reduce the lift, consequently by occurring stall incident, a sudden increase appears on the drag 

coefficient. 
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