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Abstract:  
This research paper introduces an experimental study to show a triangular rib effect 

on the aerodynamic characteristics of the NACA 0012 foil or wing. The study was done 

by using an open subsonic wind tunnel at a free stream velocity of 7 m/s (Reynold 

number=78,000) and a variable attack angle (0 to 22) degree. The triangular rib used in 

this study was located on the wing’s upper surface at 90% of the total foil chord from the 

leading edge with a size of 4% of the total chord length. The results indicated that use of 

the triangular rib has a negative effect for the airfoil characteristics at the low angles of 

attack but, it becomes a positive when the attack angle increases above the 12-degree. 

Where, at the angle of 14˚, it enhances the lift, drag and performance of the wing 

approximately 18.5%, 20% and 47.8% respectively comparing with the smooth wing 

case. Through the comparison between results of this research and Ref. [12] results, it 

was noted there is a good agreement between them and a maximum deviation ratio was 

noted between them is about 23% at 16 degree an angle of attack. 

Keywords: Passive technique, triangular rib, attack angle, lift, airfoil performance. 
 

 الخـــــــــــــــلاصة:
الاٌزٚدإٌّـه ٌٍجـٍٕخ ٘ــذٖ اٌٛرلت اٌبذـزٍت حمـذَ دراسـت عـٍٍّت ٌبٍاْ حأرـٍز ضـٍع ِزٍذ اٌشـىً عٍى خصائـص 

َ/د )رلُ رٌٌٕٛذ  7ٔـاوـا. اٌـذراسـت حـّج بأسخعّاي ٔفك ٘ـٛائً ِفخٛح عٕذ سزعت حٍار دز  0012اٚ اٌجٕاح اٌّزلُ 

( درجت. اٌضٍع اٌّسخخذَ فـً ٘ذٖ اٌذراست حُ ٚضعٗ عٍى اٌسطخ 22اٌى  0( ٚسٚاٌت ٘ـجَٛ ِخغٍزة ِٓ )780000

% ِٓ طـٛي اٌٛحز اٌىًٍ. إٌخائج أشارث 4ٛحز اٌىًٍ ِٓ اٌذافت الاِاٍِت بذجُ % ِٓ طٛي ا90ٌاٌعٍٛي ٌٍجٕاح عٕذ 

بأْ أسخخذاَ اٌضـٍع اٌّزٍذ ٌّخٍه حأرٍز سـٍبً بإٌسبت ٌخصائص اٌجٕاح عٕذ سٚاٌا اٌٙجَٛ إٌّخفضت ٚ ٌصبخ أٌجابً 

ــزفع، اٌسـذب ٚاداء درجت ٌذسـّٓ اٌ 14درجت. دٍذ عٕذ ساٌٚت ٘جَٛ  12عٕذِا ساٌٚت اٌٙجَٛ حشداد فـٛق اي 

 ً ً باٌّمارٔت ِع داٌت اٌجٕاح الأعخٍادي )اٌغٍز ِذذدّ(. ِـٓ خلاي 47.8% ٚ 20% ، 18.5اٌجٕاح حمـزٌبا % حـٛاٌٍا

دظ ٕ٘ان حٛافـك جـٍذ بٍّٕٙا ٚأعظُ ٔسـبت أٔذزاف ٌٛدظج 12اٌّمارٔت بٍٓ ٔخائـج ٘ــذا اٌبذذ ٚٔخائج اٌّصذر ] ِٛ ٌ ،]

 درجت. 16٘جَٛ % عٕذ ساٌٚت 23بٍّٕٙا ٘ـً 
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Nomenclature 

Units Description Symbo

l 

  Chord length of an airfoil   

 Axial force coefficient    

 Drag force coefficient    

 Lift force coefficient    

 Normal force coefficient    

 Lift to drag ratio   irfoil  s performance coefficient)       

 Pressure coefficient    

 Pressure coefficient at the point of i     

 Pressure coefficient at the point of j     

   Local pressure at the point of i of the airfoil surface    

   Static pressure of the upstream flow    

   Total pressure of the upstream flow    

Pascal
 

Dynamic pressure of an upstream flow    

Pascal
 

Local pressure at the point of i    

Pascal  Static pressure of the upstream flow    

 Reynold number Re 

   irfoil  s thickness    

m/s Free stream velocity    

    riangular ri   s width   

   irfoil  s chord length function   

  Location of the           on the airfoil surface in the x coordinate    

   irfoil  s thickness function   

  Location of the           on the airfoil surface in the y coordinate    

  Horizontal distance between two points (i and j) in the   coordinate      

  Normal distance between two points (i and j) in the   coordinate      

Degree Angle of Attack  

Kg/m
3

 Air Density 𝜌 

Abbreviations 

 Angle of Attack AOA 

  irfoil  s performance coefficient APC 

 Computerized Numerical Control CNC 

 National Advisory Committee of Aeronautics NACA 
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1. Introduction 
 he air flow around the foil’s surface at the low attack angles and velocities is a laminar 

and attached to the surface  ut at these angles, the airfoil’s  ody  especially the symmetric 

airfoils) cannot generate a lift force in the form that allows the aircraft to be raised. On the 

other hand, when the attack angle is increased, the airflow becomes a turbulent leading to 

increase of the pressure difference between the upper and lower surface of the foil leading to 

the lift increase arrival to the critical value of this angle which is known by the stall angle at 

which the airfoil or wing produces a maximum lift force. 

But, after that angle, the lift falls and the drag continue in the increase this because of 

the adverse pressure gradients generated due to the flow separation from the foil’s surface. 

Hence, the flow separation control is considered an effective method to improve the 

aerodynamic characteristics of the foil. 

The research aim is to improve the aerodynamic characteristics of the NACA0012 foil 

or wing (the lift, drag and performance of the airfoil) by removing or reducing separation 

area of the airflow and repeating this area to the work through, using a triangular rib on the 

upper surface of the wing. 

To achieve this aim, there are some activities must be done as flow as: - 

i. Determining coefficients of the lift, drag and performance of the wing (foil) by using the 

subsonic open wind tunnel with and without the triangular rib on the wing’s upper 

surface. 

ii. Comparing the results with and without the triangular rib to see how the airfoil or wing 

behaves with presence of that rib. 

iii. Comparing results of the present work with previous studies to show accuracy and 

convergence of the present results. 
 

2. Literature Review 
In 2005, characteristics of the NACA 0012 airfoil were investigated experimentally by 

[1]. The investigation was done by using 200 V-grooves. The results indicated that the drag 

reduces about 6.5% by using that technique at an air velocity of 3m/s comparing with the 

smooth airfoil. 

In 2012, [2] studied the aerodynamic performance of the NACA 65-021 and NACA 

0021 airfoil experimentally without and with sinusoidal protrusions at the leading-edge of 

the airfoil at Reynolds number of 120,000 and different incidence angles   he results 

demonstrated that the airfoil  s performance improves with the protrusions technique 

specially the NACA65-021 airfoil. 

In an experimental study, a distributed roughness with different sizes at the leading-

edge was used to improve the airfoil  s performance at different Reynolds numbers (78,000, 

169,000 and 230,000) and different attack angles from 0˚ to 18˚, in 2013, by [3]. It was 

found, for all the cases, that the maximum lift reduces and this reduction increases as 

Reynold number increases specially with the large size of roughness where reaches to 38%. 

[4], in 2012, investigated experimentally the aerodynamic performance of NACA 4315 

airfoil using a rough surface (partially bumpy). The study was done by adding that surface 

on the airfoil’s upper surface with a height of 6 35 mm  2 5%c) at angles of attack from 0˚ 

to 20˚ and a chord of 26 cm. The results showed that using that technique improves the 

airfoil’s performance  y increasing the lift through delaying the flow separation a out 6˚ 

 ut, it  ecomes ineffective at the high attack angles  greater than 19˚)  

In an experimental study, vortex-generators were used to improve the aerodynamic 

performance of the NACA 23012 and        airfoils, in 2015, by [5]. The results indicated 
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for the NACA 23012, there is an increase in the maximum lift about 14% and the drag do 

not increase for 2° of the attack angle and, in case of the NACA       , the increase in the 

maximum lift is 9% and the drag do not increase for 3° of the attack angle. 

In 2016, an effect of the cylindrical pins for the N    0012 flapped airfoil  s 

performance was studied experimentally by [6] through delaying the flow separation on the 

upper surface at different Reynolds numbers. The results showed that technique of the pins 

can reduce the separation region and increase the lift therefore, can improve the 

performance. 

[7], in 2018, examined experimentally the N    0012 airfoil’s performance without 

and with shark skin-inspired denticles at Reynolds number of 40,000, a variable attack angle 

from 0˚ to 24˚ and the airfoil chord length of 68 mm   he results proved that using that 

technique leads to reduction in the drag and increase in the lift therefore, there is large 

improvement in the aerodynamic performance of airfoil. 

The aerodynamic efficiency of NACA 0012 airfoil without and with dimples was 

studied experimentally, in 2017, by [8]. The study was carried out by applying the dimples 

at 30%c from the trailing edge, at conditions; 6 and 10 m/s an air velocity, 30 cm the chord 

length, from 0 to 23-degree range of attack angles and 1%c, 2%c and 3%c size of dimpled 

surface. It was found that the efficiency of airfoil improves with the dimples. 

[9], in 2018, investigated experimentally effect of the trips for the N    0012 airfoil’s 

performance. The investigation was done by using the tripwires at the airfoil leading edge 

with different diameters (2, 1.6, 1.2, 0.95) mm at 20,000 Reynolds number and different 

attack angles. The results showed that technique of the tripwires improves efficiency of the 

airfoil for a wide range of attack angles but, it becomes ineffective after the stall angle 

because of the flow separation completely.  

[10], in 2019, used dimples as a passive technique, in an experimental and numerical 

study, to control the flow separation on the NACA         airfoil  s surface at  eynolds 
number of 175,000. It was noted that using that technique reduces the separation region and 

the drag. 
 

3. Experimental Apparatuses and Setup 
3.1 Subsonic Wind Tunnel 

It is the main test apparatus in which all the experiments are conducted to investigate 

the air flow around the wing and contains auxiliary devices as shown in the diagram in the 

figure (1). 

In this work, all the experiments were done in the subsonic open-circuit wind tunnel C2-

00 presented in University of Babylon, Department of Mechanical Engineering which 

has overall length of 2.98 m, overall height of 1.83 m, overall width of 0.8 m and test 

section of 300 mm × 450 mm. 
 

3.2 Measurement Devices 
3.2.1 Multi-Tubes Manometer 

It is the device which is used to measure the static pressure distribution on both two 

surfaces of the wing through the water height (mm) in each tube where each tube in the 

manometer device (20 tubes) is connected to one hole on the wing’s surface  y special 

connections (2 mm diameter). The water in this device has a density of 1000 kg/mᶾ.  
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3.2.2 Pitot-Static Tube 
The purpose of using this device is to measure the total and static pressure at the test 

section inlet (before the wing). It has diameter of 4 mm and length of 40 cm. Figure (2) 

shows the schematic diagram and plate of the pitot-static tube. 
 

3.3 Test Model 
The test model used in this study is the NACA0012 wing. It was designed by the 

SolidWorks software with dimensions of 168 mm the chord length and 300 mm the span 

length. Knowing that coordinates of the NACA 0012 airfoil (x and y) were governed by the 

equation (1) [11]. 

By CNC machine and from the wood material, the wing was manufactured with two 

symmetric parts where, in each part, pressure taps with small diameters (1.5mm) were 

installed with different distances for measuring the pressure distribution around the wing 

surface and after joining the two parts together and performing the model and smoothing it, 

the wing was installed within the test section of the open wind tunnel. Figure (3) shows 

steps of the wing manufacture and its installing inside the test section. 

∓𝒚 = 𝟓𝒕𝒄 ,  (√𝒙 𝒄⁄ )     𝒙 𝒄 ⁄     𝒙 𝒄 ⁄  
+    𝒙 𝒄⁄   

  𝟓 𝒙 𝒄⁄   -                                 …     

Where:   =  . 9 9 ,   =  .    ,   =  . 5   ,   =  . 8   and   =  .   5   
 

3.4 Triangular Rib 
The triangular rib used in this research to enhance the aerodynamic characteristics of the 

wing which has a cross-section shown in the figure (4 a) was manufactured from the iron 

material with equaled dimensions for the cross-section (h=w=4% of the total chord length) 

and a length of 30 cm. After that, it was installed on the upper surface of the wing at the 

location of 90% of the chord length from the leading edge as shown in the figure (4 b). 
 

3.5 Experimental Procedure 

 Measuring the atmospheric pressure and the temperature inside the laboratory before 

conducting the experimental tests. 

 Installing the wing inside the test section of the wind tunnel and setting it with the 

required attack angle. 

 Connecting the pressure pipes exiting from the test section to the multi-tube manometer 

device by appropriate connections and check them well before operating the wind tunnel. 

 Preparing the multi-tubes manometer device and determine the water level. 

 Operating the wind tunnel with the waiting for five minutes in order to the water level 

becomes stable. 

 Setting the fan by the velocity control at the required velocity for conducting the 

investigation. 

 Recording the new water level in the manometer device for finding the pressure 

distribution on both two surfaces of the model. 

 Repeating the process with each new attack angle.  

  aking the readings for different angles of attack from the zero to 22˚  

 Repeating the process for the modified airfoil with the triangular rib.  
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4. Boundary Conditions 
All the experimental calculations were done at the following boundary conditions: - 

a. The air velocity at input of the test section (  =      ), 

b. Density of the air  ρ =1 21 kg/m^3), 

c. Air dynamic viscosity (  =1.8243 e-5 kg/m s), 

d. Constant air temperature (T=298 k), 

e. The heat capacity ratio of the air (K=1.4). 

Then Reynold number according to these conditions and the equation (11) equals 78,000. 

   =
    

 
                   …  2) 

 

5. Experimental Calculations 
After executing the tests and taking the readings at a velocity of 7 m/s (Re=78,000) 

and different attack angles (0, 10, 12, 14, 16, 18, 20 and 22) with and without the triangular 

rib, the experimental calculations were done as following: 

1) Through, the water heights in the Multi-Tubes Manometer, the static and total pressure 

measured by Pitot-static tube, the pressure coefficients were calculated by the following 

equation: 

        

  =
        

   
 =

     

     
                                                                                                                   …     

2) The average pressure coefficients between a hole and other on the wing’s surface were 

determined by the following equation (continue motion about the wing’s surface from the 

leading edge of upper surface to the leading edge of the lowest surface) where (j=i+1). 

        

    =
       

 
                                                                                                                                 …     

3) The distances between a hole and other were determined for both the two directions (x 

and y) as following: 

    =                                                                                                                                      …  5  

    =                                                                                                                                      …     

4) After that, coefficients of the normal and axial forces were calculated as following:  

  =  
 

 
 ∑                                                                                                   …    

*
                
            + 

 

  = 
 

 
 ∑                                                                                                     …  8 

*
                
            +  

 

5) Then, and through, results of the normal and axial coefficients, the lift and drag 

coefficients were calculated as following:  

  =       
                                                                                                                     . . .  9  

  =       
+                                                                                                                  . . .      

From results of the lift and drag coefficients, the N    0012 airfoil  s aerodynamic 

performance coefficient       can be determined by finding the lift to drag ratio as 

following: 

   =     ⁄                                                                                                                                 …      
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6. Results, Discussion and Comparison 
6.1 Pressure Distribution 

Figures (5), (6) and (7) show results of the pressure distribution in terms of the pressure 

coefficients around the smooth and modified wing with the triangular rib with a size of 4%c 

and location of 90%c at the angles of attack 10˚, 14˚ and 18˚ respectively  

The results showed as follow as: - 

At 10˚ an angle of attack and in the smooth wing case, there is a full attachment of the 

airflow on the upper surface of the wing this is a clear through the pressure distribution on 

two surfaces of the wing and the rib presence on the upper surface causes increase in the 

pressure on that surface see figure (5). 

 t 14˚ and in case of the smooth wing, the flow separation is a clear through decrease of 

the pressure difference between the two surfaces while, this difference increases with the rib 

presence see figure (6) since using the rib breaks the vortices generated due to the 

separation. 

 t 18˚ the ri  effect, for the pressure distribution, is a small since the vortex size 

becomes a very large and the rib presence with the present conditions cannot break that 

vortex. 
 

6.2 Lift, Drag and Performance Coefficients of the Wing 

The lift, drag and performance coefficients of the NACA0012 wing without and with 

the triangular rib on the wing  s upper surface with the size of 4% at the location of 90%c, 

were calculated and compared as shown in the figures (8) and (9) respectively after 

calculation of the pressure, normal and axial coefficients. 

The results showed as follow as: - 

 t the low angles of attack  α ˂ 12˚), the triangular ri  effect is a negative for results of 

the lift, drag and performance because the wing, at these angles, works with its surface area 

completely and correctly. 

 t the angle of 12˚, the rib has a positive effect only for the lift results and a very small 

effect (negative) for the drag results therefore, there is a small enhancement in the 

performance since, at that angle, the flow separation is presented but, with a small size of 

bubble. 

While, at the higher angles  α ˃ 12˚), there is a large increase in the lift and reduction in 

the drag therefore, there is a large enhancement in the wing’s performance because the rib 

was used with correct and suitable size and location for the separation bubble at these 

angles, specially at the angle of 14˚, where the ri  presence on the wing’s surface, at that 

angle, improvs the lift, drag and performance of the wing approximately 18.3%, 20% 47.8% 

respectively comparing with the smooth wing. 

But, at  α ˃ 20˚), the ri  effect for the wing  s characteristics under these conditions 

becomes a very small because the separation bubble size becomes a very large. 
 

6.3 Results Comparison  

Figure (10) involves a comparison of results of the lift and drag coefficients of the 

present work with Ref. [12] for a wide range of the angles of attack (0 to 18) degree at 

Reynolds numbers of 78,000 and 100,000 respectively. 

Where, it was noted there is a large agreement between them although, the present work 

is an experimental study and the research of [12] is a numerical study and difference of 

some the test conditions. And a maximum deviation ratio was noted between them is about 

23% at 16 degree an angle of attack. 
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7. Conclusions 
In this study, the air flow around the NACA0012 wing surface was investigated 

experimentally by using the subsonic open-circuit wind tunnel at Reynold number of 78,000 

(7 m/s air velocity) and different angles of attack (from 0 to 22) degree without and with the 

triangular rib technique. 

It was concluded that using that technique greatly relates with the angle of attack. So, at 

the low angles, leads to negative results for the lift, drag and wing’s performance  ut, at the 

high angles, becomes a very useful. Where, at the angle of 14˚, leads to an enhancement in 

the lift, drag and performance of the wing approximately 18.3%, 20% and 47.8% 

respectively. 
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Figure (1): Schematic Diagram of the Wind Tunnel and the Auxiliary Devices. 
 

 

Figure (2): Schematic Diagram and Plate of the Pitot-Static Tube. 
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Figure (3): Steps of the Wing Manufacture and Installation it inside the Wind Tunnel. 
 

 

Figure (4): (a) Cross-section of the Triangular Rib and (b) Modified Wing with the Rib. 
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Figure (5): The Pressure Distribution (CP) around Surface of the Smooth and Modified 

Wing at  ttack  ngle of 10˚. 
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Figure (6): The Pressure Distribution (CP  ( around Surface of the Smooth and Modified 

Wing at  ttack  ngle of 14˚. 
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Figure (7): The Pressure Distribution (CP) around Surface of the Smooth and Modified 

Wing at  ttack  ngle of 18˚. 
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Figure (8): The Lift and Drag Coefficients without and with the Triangular Rib with the 

4%c Size and 90%c Location versus the Attack Angle. 
 

 

Figure (9): The Performance Coefficient of the Wing (CL/CD) without and with the 

Triangular Rib with the 4%c Size and 90%c Location versus the Attack Angle. 
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Figure (10): Results Comparison of the Lift and Drag Coefficients of the Present Work with 

Ref. [12]. 
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