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AERODYNAMICS-I
(Aeronautical Engineering) 

Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.
Describe various types of airfoil sections used in aircraft industry. Describe in details 4 digit and 5 digit series of NACA sections. Make use of sketches and      cl-cd-( plots to illustrate your answer.

2.
Make use of dimensional analysis to work out formulas for aerodynamic forces and moments.

3.
An airplane with wing loading of 2400 N/ m2   has its drag polar given by          CD  = 0.016 + 0.055 C L2    . Plot the thrust vs. velocity curve and obtain lift coefficient for minimum drag. What is the significance of this condition?

4.
Show that a faired entry to a long parallel sided channel can be derived from a Complex Potential function z= w + ew.
5.
Obtain a cambered airfoil section from a circle making use of Kutta-Zhukovsky transformation. Make use of sketches and plots to elaborate your answer.

6.
Develop an expression for the ideal thrust and efficiency developed by a propeller in terms of its ‘inflow factor’. State and justify the assumptions.

7.
An airplane is powered by a single engine, whose speed-power variation is given as Speed (rpm)
1800

1900

2000

2100     

Power (kW)

1072

1113

1156

1189

The fixed pitch airscrew of 3.05 m has the following characteristics:

J
0.40
     0.42
0.44
     0.46
0.48 

 0.50

kT 
0.118
     0.115
0.112
     0.109
0.106

0.103

kQ 
0.0157
     0.0154
0.0150
     0.0145
0.0139

0.0132

and is directly coupled to the engine crankshaft. What will be airscrew thrust and efficiency during the initial climb at 40 m/s.

8.
How does an Autogyro differ from a conventional helicopter? Explain its design features and operational details. Make use of sketches / plots to elaborate your answer.
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1.
What are the special features of laminar flow series of airfoils? How are these airfoils different in aerodynamic performance from that of NACA 4 digit and 5 digit series of airfoils? Make use of sketches and cl-cd-( plots to illustrate your answer.

2.
Consider an arbitrary object moving through a fluid medium. How can you develop expressions for forces occurring on this object?

3.
An airplane weighing 4,50,000 N, with wing loading of 2750 N/ m2   has its drag polar given by CD  = 0.0216 + 0.04 C L2    . Plot the thrust vs. velocity curve and obtain lift coefficient for minimum drag. What is the significance of this condition?

4.
Consider a doublet placed in a uniform stream (R- L) of incompressible friction less fluid medium. Make use of Complex Potential function to analyze this flow combination Make use of sketches and plots to explain your answers.

5.
Apply the Kutta-Zhukovsky transformation to obtain a symmetrical airfoil of thickness ratio 15%. Make use of sketches and plots to elaborate your answer.

6.
Show from the ideal actuator disc theory that ideal efficiency of a propeller is independent of the propeller diameter and is a function of the free stream velocity and the slipstream velocity.

7.
An airscrew of diameter 3.4 m dia. has the following characteristics                                                                               

J

1.06

1.19

1.34

1.44   

kQ                   0.0410

0.0400

0.0378           0 .0355   

(

0.76                  0.80                 0.84               0.86

Calculate the forward speed at which it will absorb 850 KW AT 1250 rpm at 3000 m   (( = 0.742) and the thrust under these conditions. Compare the efficiency with that from the ideal actuator disc theory.

8.
Describe with neat sketches / plots a fully articulated rotor system of a helicopter. Explain its action in effecting collective and cyclic pitch as desired by the pilot.
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1.
Describe various types of airfoil sections used in aircraft industry. Describe in details 6 digit and 7 digit series of NACA sections. Make use of sketches and     cl-cd-(  plots to illustrate your answer.

2.
State and prove Buckingham’s pi theorem. Hence develop expressions for lift and drag forces.

3.
An airplane weighing 250,000 N, S =  80 m2  has its drag polar given as              CD  = 0.016 + 0.04 C L2     . Plot the thrust vs. velocity curve and obtain lift coefficient for minimum drag. What is the significance of this condition?

4.
Consider a straight-line vortex with its axis normal to the flow kept in a uniform stream of incompressible friction less fluid medium. Make use of Complex Potential function to analyze this flow combination Make use of sketches and plots to explain your answers.

5.
Obtain a symmetrical airfoil section from a circle making use of Kutta-Zhukovsky transformation. Make use of sketches and plots to elaborate your answer.

6.
Show from the ideal actuator disc theory that ideal efficiency of a propeller is given in terms of the free stream velocity and the slipstream velocity.

7.
An airscrew of diameter 3.4 m dia. has the following characteristics                                                                               

J

1.06

1.19

1.34

1.44   

kQ                   0.0410

0.0400

0.0378           0 .0355   

(

0.76                  0.80                 0.84               0.86

Calculate the forward speed at which it will absorb 800 KW AT 1250 rpm at 3250 m   (( = 0.7231) and the thrust under these conditions. Compare the efficiency with that from the ideal actuator disc theory.


8.
Explain the generation of forces acting on the main rotor blades in flight. How are the aerodynamic forces altered on the rotor in vertical, climbing / descending and forward flight modes. Make use of sketches / plots to elaborate your answer.
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1.
Describe various types of airfoil sections used in aircraft industry. Describe in details 5 digit and 6 digit series of NACA sections. Make use of sketches and     cl-cd-( plots to illustrate your answer.

2.
A set of forces is usually referred to an axes system. Assign the same to Lift-Drag combination. Is the axes system for the normal-axial force combination same. Elaborate your answer.

3.
An airplane weighing 160,000 N, S =  50 m2  has its drag polar given as             CD  = 0.016 + 0.045 CL2     . Plot the thrust vs. velocity curve and obtain lift coefficient for minimum drag. What is the significance of this condition?

4.
Define a complex potential function from the first principle. What is represented by a Complex potential function? Consider a point source placed in a uniform stream. Plot the streamlines and equipotential lines. Make use of sketches and plots to explain your answers.

5.
Making use of transformation (= z2 ,transform flows parallel to OX and parallel to OY axes. Make use of sketches and plots to elaborate your answer.

6.
What are the assumptions in the Froude momentum theory of airscrews? List them and develop an expression for the thrust developed by a propeller in flight. Hence obtain the expression for Froude efficiency.

7.
An airscrew of diameter 3.4 m dia. has the following characteristics                                                                               

J

1.06

1.19

1.34

1.44   

kQ                   0.0410

0.0400

0.0378           0 .0355   

(

0.76                  0.80                 0.84               0.86

Calculate the forward speed at which it will absorb 750 KW AT 1250 rpm at 3660 m   (( = 0.693) and the thrust under these conditions. Compare the efficiency with that from the ideal actuator disc theory.

8.
Describe the terms Collective pitch and cyclic pitch. How are these incorporated in to the main rotor system of a helicopter? Make use of sketches / plots to elaborate your answer.
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