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Excremental Study of Lift/Drag Ratio Enhancement Using 

Continuous Normal Suction   

 

 

 

 
 

Abstract 
An experimental work of continuous normal suction from the wing upper 

surface effects on the aerodynamic forces is carried out, as well as, the effect of normal 

suction slot channels location and the mass flow rate sucked strength are involved in 

this study. The wing model with NACA-0015 has been made to achieve normal suction 

from the wing upper surface by means of four slot channels. The satisfaction of the 

suction is done by using vacuum pump. The tests are to be done for incompressible flow 

over wing with and without a continuous normal suction for three different angle of 

attack 8, 12 and 16 Deg., and for three different Reynolds numbers 13.6×10
4
, 20.4×10

4
 

and 24.5×10
4
. The results showed that the continuous normal suction can significantly 

increase the lift to drag force ratio, and this ratio is increasing more as the strength of 

the suction increases. 

 

Keywords : Aerodynamic – Incompressible Flow – Boundary Layer Control – Normal  

Suction– Experimental work – Lift and Drag Coefficient  

 

 باعخخذاو انًص انعًٕد٘ انًغخًش نخغغٍٛ َغبت انشفع/انكبظدساعت عًهٛت 

 
 دٔد. أيٛش عهطاٌ داؤ   د. نٛذ يغًذ صاعى          طّ اعًذ عبذ الله        

 يذسط                           اعخار يغاعذ يذسط يغاعذ                       

 قغى انُٓذعت انًٛكاَٛكٛت          قغى ُْذعت انًٛكاحشَٔكظ          قغى انُٓذعت انًٛكاَٛكٛت

 صايعت انًٕصم-كهٛت انُٓذعت

 

 ًغخخهصان
هضُصاط انٓصٕا  يصٍ انغصطظ انعهصٕ٘ ن انًغصخًش نضشٚصاٌانًصص انعًصٕد٘  نخأرٛشدساعت عًهٛت ٚخضًٍ ْزا انبغذ 

 .ْزِ انقٕٖيٕقع قُٕاث انًص ٔقٕة انضشٚاٌ انًًخص عهٗ  حأرٛشاث أٚضاانذساعت  شًهجٔ , عهٗ انقٕٖ الاٚشٔدُٚايٛكٛت

-NACAْٕ عباسة عٍ صُاط ر٘ يطٛاس يخًارم َٕع  ٔانز٘  انز٘ اعخخذو فٙ ْزا انبغذ الاخخباسًَٕرس  نقذ حى حصُٛع

قُصٕاث عهصٗ  أسبصعيٍ انغصطظ انعهصٕ٘ نهضُصاط عصٍ طشٚصق  انًغخًش صًى انًُٕرس نٛغقق عًهٛت انًص انعًٕد٘ ,0015

الاخخبصاساث باعصخخذاو صشٚصاٌ لا  إصصشا حصى  نقصذ ٔقصذ حصى اعصخخذاو يضصخت ياصصت لاَضصاص عًهٛصت انًصص. طٕل بصاع انضُصاط,

دسصصت ٔكصزن   16ٔ 12،8ْضٕو يخخهفصت ْصٙ بعذو ٔصٕدِ نزلاد صٔاٚا  ٔأخشٖاَضغاطٙ عهٗ انضُاط يشة بٕصٕد انًص 

×13,6اسقاو سُٕٚنذص ْٙ  زلادن
4
10  ،20,6×

4
10  ٔ24,5×

4
انًصص انعًصٕد٘ انًغصخًش ٚعًصم  أٌٔقذ بُٛج انُخصاجش  10

  .عهٗ صٚادة انُغبت بٍٛ قٕحٙ انشفع ٔانكبظ ٔاٌ ْزِ انُغبت حضداد اكبش كهًا صادث قٕة انًص
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List of Symbols 

Unit Description Symbol 

 Airfoil chord       

__  Drag coefficient  

__ Lift coefficient  

__ Lift coefficient with suction  

__ Lift coefficient without suction  

__ Drag coefficient with suction  

__ Drag coefficient without suction  

__ Lift to drag coefficient ratio  

 Drag force  

 Lift force  

 Total mass flow rate  

 Suction mass flow rate  

__ Percentage of suction mass flow rate   to the total 

mass flow rate 

 

__ Reynolds number Re 

 Wing area  

 Flow velocity  

 Air density  

__ Lift coefficient increment due to  suction  

__ Drag coefficient increment due to suction  

Deg. Angle of attack  

 

 

1. Introduction:  
The flow separation is mostly an undesirable phenomenon, because it entails large 

energy losses and in most applications adversely affects the aerodynamic loads in the form of 

lift loss and drag increase.  Further, in external flow the separation flow from airfoil or 

cylinder as examples, can cause damage in flow structure through the oscillations of the flow, 

which leads to increase the drag and noise. Therefore, there is a strong tendency to delay or 

manipulate the occurrence of flow separation.  Hence, the separation control is of great 

importance to most of the systems involving fluid flow. The control of flow separation, 

historically referred to as boundary-layer control, is probably the oldest and most 

economically important, and has become very important in present time, in particular in the 

field of aeronautical engineering. However, the flow control modern development eras were 

reviewed broadly by Gad-el-Hak [1] in 1996.   

Wall suction and blowing have been encountered in many aeronautical engineering 

problems such as delaying or preventing the separation from the upper airfoil surface, and 

enhance airfoil wake flow structure. The results include lift enhancement and flow-induced 

noise suppression. Generally, the wall suction/blowing may be applied either normally or 

tangentially to the wall, farther, may be applied continuously or periodically.  
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Why boundary layer control is very important!  

From a paper by Boing aerodynamicists [2] in 1991: 

- A 1.5% increase in maximum lift coefficient is equivalent to a 6600 Ib increase in 

payload at a fixed approach speed. 

- A 1.0% increase in take-off Lift/Drag (L/D) is equivalent to a 2800 Ib increase in 

payload or a 159 Km increase in range. 

 

Shojaefard et al., 2005, [3], presented a numerical study concerning flow control by 

suction and injection.  The case studied was the flow field over a subsonic airfoil with four 

suction and injection slots on the suction side of the airfoil.  A commercial CFD code, the 

FLUENT, was used in this study. The effect of suction and injection on aerodynamic 

coefficients was investigated.  The results showed that the surface suction can significantly 

increase the lift coefficient. The injection decreases the skin friction. Atik et al., 2005, [4], 

studied the suction near the leading edge as a means of controlling separation and thereby 

inhibiting dynamic stall, high-speed incompressible flow past a thin airfoil in a uniform 

stream was considered, by using steady and unsteady boundary-layer solutions. It was 

determined that substantial delays in separation can be achieved even when the suction is 

weak, provided that the suction is initiated at an early stage. Ge-Cheng et al., 2006, [5], 

compared the airfoil with injection only with the co-flow jet (CFJ) airfoil with both injection 

and suction with the similar injection momentum coefficient. A high energy jet is injected 

near the leading edge tangentially and the same amount of mass flow is sucked in near the 

trailing edge.  The Fluent CFD software was used.  The CFD simulations indicated that the 

suction of the CFJ airfoil significantly enhances the results of lift, drag and stall angle of 

attack. Laith M. Jasim, 2008, [6], presented a numerical simulation study of unsteady 

incompressible laminar flow over a NACA 0015 airfoil with and without a continuous wall-

normal suction and blowing as an active boundary layer control technique.  In controlling the 

flow, the case of study is the flow field over an airfoil with a four holes which are penetrated 

the airfoil from the upper surface to the lower surface and through which a part from primary 

flow is sucked from upper surface, and then blowing it through same holes from lower 

surface.  The use of continuous wall-normal suction and blowing from upper and lower 

surface of the airfoil, respectively, is an effective idea to prevent or delay the flow separation 

and enhance airfoil wake flow structure.  

 

  The present work is an experimental, applying a continuous normal suction rate from 

upper wing surface to enhance the lift, drag force and their ratio. 

 

2. Experimental Work 
In this work, an experimental investigation has been done to study the continuous 

normal suction effect of air flow from the upper surface of wing on the lift and drag 

coefficients and their ratio. 

All tests have been done, using a subsonic wind tunnel (Armfield Subsonic Wind Tunnel C2) 

in the mechanical engineering department/university of Mosul. The velocity range (0-25m/s), 

test section (200x200mm) and the range of two component balance (0-7N) and (0-2.5N) for 

measuring lift and drag forces. 

The lift and drag coefficient are determine. 
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Figure (1)  Wing Model. 

          The wooden wing model (airfoil NACA-

0015) with wing spans 95mm and chord of 

200mm. This wing was made to achieve normal 

suction from the wing upper surface by means of 

four slot channels, Fig.(1). The number and the 

location of these channels can be controlled by 

closing some of them according to the required 

measurements for the four cases. 

  

The distribution and dimensions (Percentage of chord length) of the slot channels are shown 

in Fig.(2). These suction channels are separated from each other within the wing, and 

connected to a main channel.  The four slot channels are consisted of two sets, forward set 

and down set, and each set includes two slot channels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The satisfaction of the suction is done by using vacuum pump, connected the main 

channel by rubber tubes, Fig.(3). The testing wing 

is fixed to the two component balance inside the 

wind tunnel test section, and connected to the 

vacuum pump. 

 

The test are to be done for three different 

angle of attack (8, 12, 16 Deg.), and for three 

different flow velocities (10, 15, 18 m/s) with and 

without suction. The Reynolds numbers (Re) 

corresponding to flow velocities of 10, 15 and 18 

m/s are 13.6×10
4
, 20.4×10

4
 and 24.5×10

4
, 

respectively. 

 

The percentages of suction mass flow rate 

to the total mass flow rate inside the wind tunnel 

( sM mms
 / ) for each velocity are found as 

follows; for the test velocity 10 m/s and suction 

from the four channels (the two sets) and two 

Figure (2) Schematic of Airfoil Model. 

Front set Down set 
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c = 200 mm 

Figure (3) Experimental Rig. 
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channels (forward or down set) are 1.085% and 1.06% respectively, however for the test 

velocity 15 m/s it have been found that the percentages of mass flow are 

0.72% and 0.70% respectively, and for velocity 18 m/s are 0.602% and 0.59% respectively.  

 

3. Results and Discussion 
Figure (4) shows the relationship between the lift coefficient and angle of attack for 

the four different cases, including without and with suction from the four slot channels, also 

from the forward set and down set channels for three different Reynolds numbers 13.6×10
4
, 

20.4×10
4
 and 24.5×10

4
.  From Fig. (4), it can be observed that the lift coefficient increase as 

sM increase from the upper surface of the wing.  However, when sM  kept constant (suction 

from the forward set or down set channels), the increasing in the lift coefficient LsC  due to 

suction from the front set channels is found to be higher than that when the suction from the 

down set channels as shown in Figs. (4-a and b), where  

LwosLwsLs CCC                               

As the Reynolds number increase as shown in Fig. (4-c) and sM is kept constant, it is 

found that the lift coefficient increment due to suction ( LsC ) from the down set channels is 

greater than that when the suction is from the forward set channels. Also from Fig. (4), it can 

be seen that LsC  decreases as the Reynolds number increases, for example, at an angle of 

8 and Re=13.6×10
4
, the value of lift coefficient without suction LwosC =0.4 while its value 

with suction for the four slot channel LwsC =0.5, therefore LsC =0.1. When Re=24.5×10
4
 for 

the same angle 8 , its found LwsC =0.36 and LwosC =0.32, then LsC =0.04, this value has been 

found to be less at Re=13.6×10
4
. 

 

Figure (5) shows the relationship between the drag coefficient and the angle of attack 

for the same cases without and with suction from the four slot channels, also for two forward 

and down sets channels for three different Reynolds numbers 13.6×10
4
, 20.4×10

4
 and 

24.5×10
4
.  It can be seen from Fig.(5) that the drag coefficient increases as sM increases.  

However, when sM  is kept constant, the drag coefficient due to suction from the forward set 

channels is higher than that when the suction from the down set channels as shown in Figs. 

(5- a and b ), where    

  DwosDwsDs CCC                                 

However, when the value of sM  is constant, the magnitude of DsC  from the down set 

channels is greater than that when the suction is from the forward set channels as shown in 

Fig. (5-c).   It also can be seen from Fig. (5), that the value of DsC decreases as the Reynolds 

number increases. For example, when the angle is 8 and Re=13.6×10
4
, the DwosC  =0.16 and 

DwsC  =0.19 then DsC  =0.03.   When Re=24.5×10
4
 for the same angle 8 , it has found that 

DwsC =0.14 and DwosC =0.13, then DsC =0.01, this value has been found to be less at 

Re=13.6×10
4
.   

 

The ratio of lift coefficient to drag coefficient DL CC /  is an important parameter for 

aircraft flying performance indication (including take off and landing velocity, airport runway 

distance, aircraft maneuver and fuel consumption). However, for higher value of DL CC / , the 

flying characteristics are improved.  
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Fig. (4) Lift coefficient versus angle of attack. 
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Figure (6) shows the relation between DL CC /  and angle of attack for different Reynolds 

numbers 13.6×10
4
, 20.4×10

4
 and 24.5×10

4
 and for the four experimental cases.   It can be 

seen from this figure that this ratio DL CC /  increases as sM  increase.   

Also from figure (6), it can be noted that the amount of increase in DL CC / decrease as the 

Reynolds number increase, where    

Fig. (5) Drag coefficient versus angle of attack. 
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     
wosDLwsDLsDL CCCCCC ///                               

For example at an angle of 8  and Re=13.6×10
4
 the value of  

wosDL CC / =2.56, 

and  
wsDL CC / =2.64, then the value of  

sDL CC / =0.08.  By keeping the same angle of 

attack at 8  and Reynolds number changed to 24.5×10
4
, the value of  

wosDL CC / =2.515, and 

 
wsDL CC / =2.562, hence  

sDL CC / =0.047.  Surely, this value has been found to be much 

less at  Re=13.6×10
4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) Lift to Drag coefficient versus angle of attack. 
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4. Conclusions    
From the current study, it can be found that the continuous normal suction from the 

upper surface of the wing has positive effect on the lift coefficient, since the lift coefficient 

increased due to suction, and as the magnitude of suction increases, the increasing in the lift 

coefficient is increasing more. However, the suction has a negative effect on the drag 

coefficient, its values increase as the magnitudes of suction increase.   

The effect of suction on the lift coefficient to drag coefficient ratio has a positive effect, as it 

can be seen that the ratios of lift coefficient to drag coefficient increase with suction, and 

their values would have a significant increase as the values of suction increase. 

As the Reynolds number increases, the increasing in the lift and drag coefficients as 

well as the coefficient ratio are reduced, and this need an increasing in suction in order to 

maintain the same increasing values in lift and drag coefficient and their ratio obtained at the 

same Reynolds numbers. 

Finally, it can be conclude from this current study that in the case of present suction lead to 

significant increase in the ratio of lift coefficient to drag coefficient, and this ratio play an 

important role in the aircraft flight characteristics (including take off and landing velocity, 

airport runway distance, aircraft maneuver and fuel consumption ). 
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