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Abstract- The major aim of this paper is to present an alternative for the existing high lift devices in the conventional 
passenger aircraft i.e., TRAP WING. This TRAP WING configuration calls for auxiliary control surfaces and power 
requirements. Our aim is to use a flow control method, which would be incorporated in the wing to attain the same required 
value of LIFT, thus there by relieving off the additional penalty in terms of movable control surfaces. We intend to achieve 
this by implementing CO FLOW JET CONTROL. The Co-Flow Jet [CFJ] wing has a modified geometry in which there is 
an injection and suction slot for producing an additional kinetic jet over the wing surface, by translating a major portion of 
the suction surface downwards. A high energy jet is injected tangentially near the leading edge and sucked near the trailing 
edge. This enhances a lateral transport of energy from the jet to the main flow, thereby establishing a circulation control 
which in turn increases the lift produced. In this paper a CFD analysis is done on a wing which has CFJ control implemented 
in it and a comparative study is done with the existing trap wing configuration. In order to provide an alternative for trap 
wing high lift configuration, the existing trap wing profile is chosen and converted into a CO FLOW JET WING and has 
been put forth for analysis. The CFD analysis is done using the Reynolds averaged 3D compressible Navier-Stokes (RANS) 
equations as the governing equations. The turbulence model used is spalart allmaras with automatic scalable wall function. 
The analysis is carried out for different angles of attack and various injection and suction parameters and corresponding 
results are obtained and studied. The optimization of injection and suction parameters are done at the end of the study. 
 
 
I. INTRODUCTION 
 
The wing is the major lift producing part in an 
aircraft, but the usage of wing alone will not produce 
the required LIFT necessary for take-off or landing 
hence we use the additional high lift devices. The 
configuration of the wing, divided into three surfaces, 
as slat, mid-wing and the flap is called the TRAP 
WING configuration, this is currently used for 
producing the necessary lift. This configuration calls 
for a separate avionics, and auxiliary control surfaces 
which act as an additional penalty on aircraft.  Flow 
control (FC) is the most promising route to break 
through the conventional aerodynamic design limit 
and bring dramatic performance improvement to 
aircraft. NASA, Air Force and aerospace industry 
have recently made great efforts to develop flow 
control technology. To enhance lift and suppress 
separation, various flow control techniques have been 
used, including rotating cylinder at leading and 
trailing edge, circulation control using tangential 
blowing at leading edge and trailing edge, multi-
element airfoils, pulsed jet separation control, etc.  
When a flow control technique is developed, there 
may be three issues needed to be considered:   
1) Effectiveness: the FC method should have 
substantial improvement of aerodynamic 
performance, which primarily includes lift 
enhancement, drag reduction, and stall margin 
increase (suppression of separation);  
2)Energy efficient: the FC method should not cause 
significantly more energy expenditure. Otherwise, the 
penalty may outweigh the benefit for the whole 
aircraft as a system.  

This includes minimal penalty to the propulsion 
system, minimal weight increase due to the FC 
system; 3) Easy implementation: the FC technique 
should not be too difficult to be implemented.  
 
Our aim is to provide an alternative for this 
conventional system by an efficient usage of a 
particular flow control method called CO-FLOW JET 
(CFJ).The new flow control technique co-flow jet 
(CFJ) is aimed at considering all the three issues 
mentioned above: effectiveness, energy efficient, and 
easy implementation. The co-flow jet wing has an 
injection slot near leading edge and a suction slot 
near trailing edge. The slots are opened by translating 
a great portion of the wing surface downward. A high 
energy jet is then injected near leading edge 
tangentially and the same amount of mass flow is 
sucked in near trailing edge.  
 
The turbulent shear layer between the main flow and 
the jet causes strong turbulence diffusion and mixing, 
which enhances lateral transport of energy from the 
jet to main flow and allows the main flow to 
overcome severe adverse pressure gradient and 
remain attached at high Angle Of Attack(AoA).   
 
The co-flow jet airfoil can dramatically enhance lift, 
reduce drag and increase stall margin based on CFD 
simulations. The CFJ airfoil can recirculate the jet 
mass flow and hence can significantly reduce the 
penalty to propulsion system due to avoiding 
dumping the jet mass flow.   
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II. GEOMETRY OF CFJ WING  
 
Two different geometries namely 1.Clean wing (wing 
without injection and suction slots), 2.CFJ wing 
(wing with injection and suction slots), were created.  
The outer profile was taken from the trap wing 
configuration obtained from nasa work shop[1] and 
initially a CLEAN WING was made. The TRAP 
WING configuration in its “STOWED” position(the 
position in which the airfoil has the slat and flap 
attached to the main wing)  was taken and was made 
into the Clean wing.  
 
Then it was converted into a CFJ wing by creating an 
injection and suction slots on its upper surface. The 
position of the injection and suction slots were 
selected based on the pressure distribution over the 
“clean wing”. The base for sizes of the slots were 
taken up from the prior works of Mr. Cheng Zha[2], 
then they were calculated accordingly for our wing. 
In order to bring our analysis close to the real time 
scenario, a wing pod was created and our wing 
models were attached to it.  The injection slot and 
suction slot for the CFJ wing were located at 7.11% 
and 83.18% of chord respectively. The injection slot 
and suction slot have a height of 0.65% and 1.96% of 
chord respectively.  
 

TABLE I 
WING PARAMETERS 

 
 

III. METHODOLOGY  
 
The models were created and meshed in ICEM CFD. 
The CFX solver was used with the Reynolds 
averaged 3D compressible Navier-Stokes (RANS) 
equations as the governing equations. The turbulence 
model used is spalart allmaras with automatic 

scalable wall function. The results were studied using 
CFD POST. 
 

 
 
IV. CFD ANALYSIS  
 
A detailed study about boundary conditions were 
carried out and optimized boundary conditions were 
obtained from nasa workshop in order to bring out an 
one on one comparison with TRAP WING.  
 
The governing equations used are the Reynolds 
averaged 3D compressible Navier-Stokes (RANS) 
equations.  
 
The spalart allmaras turbulence model was chosen 
due to its extended capabilities to capture external 
flow parameters. The analysis were made for 
different angle of attacks including -
4°,0°,4°,12°,20°,32° and 36° . The injected jet 
velocity was calculated based on the peak velocity 
formed on the leading edge of the wing due to the 
free stream.  
 
V. RESULTS AND DISCUSSION  
 
The iterations were performed until the residuals got 
converged and the solutions attained a steady state. In 
order to study the flow behavior various contours 
were taken namely velocity, streamlines, etc.  The 
velocity streamlines contour helps us to visualize the 
flow behavior throughout the profile of wing, 
especially near the trailing edge where the flow 
separation occurs at high angle of attacks. The 
velocity contour depicts the velocity distribution 
across the surface of the wing.  
 
A.  CONTOURS   
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The Fig.3 and Fig.4 shows the flow behavior at AOA 
“ -4° ”. It is observed that when a jet of velocity 
210ms-1 is injected the Co-efficient of lift CL is 
found to be 0.467. 
 

 
 

 
 

 

 
 

 
 

 
 

 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 2, Issue- 4, April-2014 

Co-Flow Jet Control As An Alternative for Civil Aircraft High Lift Configuration 
 

102 

 
 

 
 

 
 

 

 
 
We can see the flow separation occurring at AOA 32° 
and 36°. In order to find the exact AOA in which the 
flow separation begins, the analysis was carried out 
for AOA between 20°  to  32°. It was found that the 
flow separation begins at AOA 26° as shown in 
Fig.16.  
 
This is due to the inability of the injected jet to keep 
the flow attached to the wing surface since the 
separation began to occur in leading edge itself.  
Another reason is that the injection flow lost the 
capability to push the main flow to overcome adverse 
pressure gradient, since the lateral transportation of 
energy from the injected jet to the main flow   
completely depends on the injected jet velocity which 
cannot be increased beyond the specified limits. 
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CONCLUSION 
 
At the end of the study we found that by 
implementing the CFJ the Co-Efficient of lift CL can 
be increased by 52%. The CFJ wing shows a 
significant increase in lift when compared to the clean 
wing. 
 
Though the CFJ wing does not produce the exact lift 
value as that of the TRAPWING [Fig.18], the Lift 
produced is more than sufficient in real time scenario.   
The optimization was brought about by changing the 
velocity along the injection port and mass flow rate 
along the suction port. The value in which the 
required 퐿 was achieved is taken as the optimum 
value for that angle of attack. The velocity and mass 
flow rate were decided as the controlling variables by 
running various combinations of all the flow 
variables.  
 
The suction port showed high sensitivity towards the 
mass flow rate and so did injection port for velocity.   
The required 퐶퐿 was achieved by implementing CFJ 
and hence it is proved that it can be used as an 
alternative for TRAP WING.  The practical 
implementation of this is the futuristic scope of this 
project.   
 
ACKNOWLEDGEMENT   
 
The authors thank Mr.G.Prabhakaran, Professor and 
Head, Department of Aeronautical Engineering, 
Jeppiaar Engineering College, Chennai for his 

continuous support and motivation throughout this 
project. The authors also thank their parents and 
friends for their encouragement.  
 
REFERENCES  
  

[1].   NASA, AIAA CFD High Lift Workshop 
(http://hiliftpw.larc.nasa.gov.).   

[2].  Ge-Cheng Zha, Bruce F. Carroll, Craig D. Paxton, Clark A. 
Conley and Adam Wells,” High Performance Airfoil Using 
Co-Flow Jet Flow Control,” AIAA Paper 2005-1260.  

[3].  Ge-Cheng Zha, Wei Gao and Craig Paxton,” Numerical 
Simulation of Co-Flow Jet Airfoil Flows,”  AIAA Paper-
2006-1060,  44th AIAA Aerospace Sciences Meeting and 
Exhibit, January 2006, Reno, Nevada.  

[4] Ge-Cheng Zha,Wei Gao,Craig D. Paxton and  Alexis 
Palewicz,” Numerical Investigations of Co-Flow Jet Airfoil 
with and without Suction,” AIAA Paper 2006-1061, 44th 
AIAA Aerospace Sciences Meeting and Exhibit, January 
2006, Reno, Nevada.  

[5].  Bertrand P. E. Dano, Gecheng Zha   and Michael Castillo,”  
Experimental Study of Co-Flow Jet Airfoil Performance 
Enhancement Using Discrete Jets,” AIAA paper 2011-941, 
49th AIAA Aerospace Sciences Meeting including the New 
Horizons Forum and Aerospace Exposition, January 2011, 
Orlando, Florida.  

[6].   Ge-Cheng Zha and Wei Gao,” Analysis of Jet Effects on 
Co-Flow Jet Airfoil Performance with Integrated Propulsion 
System,” AIAA Paper 2006-0102, 44th AIAA Aerospace 
Sciences Meeting and Exhibit, January 2006, Reno, Nevada.  

[7].   G. Zha, J. J. Dussling, S. Aspe, N. R. Heinz and D. J. 
Martinez,” Quiet Ultra-Efficient Integrated Aircraft Using 
Co-Flow Jet Flow Control,” AIAA Paper 2009-1437, 47th 
AIAA Aerospace Sciences Meeting Including The New 
Horizons Forum and Aerospace Exposition, January 2009, 
Orlando, Florida.  

 

 

 

 

       

 

 

 
  

 


