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Abstract

Optimization and Inverse design techniques are used to develop a new concept in generation of high lift/drag ratio wings while constraining the given lift. Three computer codes have been used for this purpose. Wing is designed for a target pressure distribution which is obtained for incompressible flow. The target pressure distribution is obtained for minimum induced drag generating camber. The inverse design is then attempted to generate a camber at higher compressible Mach number value to support this incompressible pressure distribution. Substantial gain in lift/drag ratio is obtained. The thickness effects of aerofoil are superimposed and Mach number is increased to see the occurrence of shock. The new aerofoil thus designed is compared with the aerofoil that is otherwise generated for minimum induced drag at compressible Mach number directly without this inverse technique. Transonic flow nature of two wings is compared. There is gain in critical Mach number value for the new design case.

 Flow chart below describes the physics ( Figure-1 to refer). In this way the induced drag due to compressibility is minimized to the lowest possible level. Three computer codes are utilized. Programs are developed in FORTRAN language. Gfortran complier of Fedora operating system is used.  The optimal warp is broken into twist and camber. The washout at root is used to off-load angle-of-attack. Residual twist is worked out thereafter by reducing washout at root from twist. This process is shown in Figure-2. New airfoil is developed with residual twist and camber combined with root washout and thickness effects superimposed. NACA 0009 aerofoil is used for thickness effects.
Tables-1-3 shows the lift and drag coefficients before and after optimisation. Lift coefficient/induced drag coefficient is seen to increase from a value of 28 to 109 by using the technique brought out in this paper.

Field values of Pressure coefficient for the design case are shown for a particular value of transonic Mach number and angle-of-attack of 20 (Figure-3). The stations F2,F3,F4,F5,F6  are for the vertical spatial displacement.
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                                              Figure  1.  Flow chart of the design process
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                                         Figure 2. Flow chart for braking optimal warp
                       
                    
                                      Table-1   Values Without Optimisation                       
	M
	CL
	Cdi
	Cl/Cdi

	0.1
	.1514
	.0530
	28.0

	0.8
	.2118
	.0074
	28.0




Table-2 Values after Optimisation at respective  Mach numbers
	M
	CL
	Cdi
	Cl/Cdi

	0.1
	.1514
	.0017
	89.0

	0.8
	.2118
	.0027
	78.5





Table-3   Values after Optimisation for target pressure  distribution related to incompressible value of  Mach number= 0.1
	M
	CL
	Cdi
	Cl/Cdi

	0.8
	.1514
	.0014
	109



	Station
	z/c

	F2
	0.1

	F3
	0.2

	F4
	0.4

	F5
	0.6

	F6
	0.8




Figure 3. Design wing profile   
Mach number=0.86, =20                      
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