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Problem 1: Consider a biconvex airfoil in a free stream of Mach   where the upper and lower surfaces are given as: 
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(a) Calculate the pressure coefficient on both the upper and lower surface of the airfoil if it is flying at an angle of 

attack of   . 

(b) Calculate the lift and drag coefficients on both the upper and lower surface of the airfoil if it is flying at an angle 

of attack of (i)    and (ii)   . 

(c) What is the lift curve slope    ? 
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Problem 2: You are designing a supersonic airfoil to fly at a Mach number of   and an angle of attack of   . The airfoil is 

a double wedge with the max thickness in the center. Using supersonic thin airfoil theory, 

(a) Calculate the lift coefficient of the airfoil at the design conditions. 

(b) Determine the thickness to chord ratio,    , required such that the airfoil will have a drag coefficient no larger 

than        at the design conditions. 

(c) Calculate the pressure coefficient of the airfoil on the upper and lower surfaces at the design conditions if the 

thickness is        . 

(d) Calculate the lift and drag coefficients using shock-expansion theory where the airfoil thickness is        . 

(e) Comment on the difference in results of the lift coefficient calculated with shock-expansion theory and with 

supersonic thin airfoil theory. In your response, discuss if and why changing the thickness of the double wedge 

will change the lift coefficient in (i) supersonic thin airfoil theory and (ii) shock expansion theory. 

 

 

Solution: 
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The lift coefficient provided by shock expansion theory is only slightly higher than that provided by thin airfoil theory. 

Increasing the thickness-to-chord ratio for (i) supersonic airfoil theory will not change the lift coefficient, but for (ii) shock 

expansion theory will increase the lift coefficient as thickness will affect the angles the flow will encounter. 
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Problem 3: A diffuser has a constant area until the area shrinks by means of a sudden turn at an angle of    on the upper 

wall and    on the lower wall. The Mach number in the diffuser before the turn is     and the pressure is        . 

 

(a) Determine the shock angle, Mach number, and pressure on the upper wall just after the    turn. 

(b) Determine the shock angle, Mach number, and pressure on the lower wall just after the    turn. 

(c) Determine both reflected shock angles, the direction of the flow, and the Mach number and pressure in the 

regions after the reflected shocks. 

 

Solution: 
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Problem 4: Consider a supersonic flightier jet flying at a Mach number of     at an altitude where the pressure is 

      . The nose of the aircraft is a cone shape with a cone angle of    . The supersonic flow generates a conical shock 

wave on the nose of the aircraft. 

(a) Determine the Mach number and pressure in the region after the shock. 

(b) Determine the Mach number of the flow on the cone surface. 

(c) Determine the pressure coefficient on the cone. 

 

Solution: 

(a)  
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