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BRE/BTech. DEGREE EXAMINATION , NOVEMBER/DECEMBER 2009
Fourth Semester
Aeronautical Engineering
AE 1251 — AERODYNAMICS - I
(Regulation 2004)
Time : Three hours Maximum : 100 marks
Answer ALL questions.

PART A — (10 x 2 = 20 marks) '

1. Write down the equation of continuity in polar co-ordinates for unsteady,
compressible flow in 2 dimensions.

2. Write down the Navier-Stokes equations for 3 dimensional steady flows.
3. Distinguish between a Free Vortex and a Forced Vortex.

4. Which combination of basic ﬂov;s will represent a Rankine Oval?

5. Explain Conformal Transformation.

6.  What is Kutta condition for a lifting aerofoil?

7.  State Blasius theorem.

8.  State Biot-Savart law and explain its usefulness in aerodynamics.
8. What is Boundary Layer and why is this concept necessary?

10.  Define Momentum thickness and Displacement thickness in boundary layer
flows.
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PART B — (5 x 16 = 80 marks)

Denive the steady three dimensional flow continuity egusltion in
partial differential form using finite volume approach, (12)

Check whether the flow is possible with the following velocity
components.

u=-2x’y+dyzx ; v =2xy* +4xlyz ; w=-2x%7% - 227y . (4)
Or

Derive the Euler’s equations of motion for 3-d ineompressible,

steady flows. (10)

Show how Bernoulli’s equation and hydrostatic equation can be
deduced from Euler’s equation. (6)

What is Magnus effect? Mention a few applications of this effect. (4)

Show that the combination of a doublet flow and uniform flow is
equivalent to a non-lifting flow over a circular eylinder, Obtain
expressions for the velocity potential, stream function and the

location of stagnation points. (12)
Or
State and prove Kutta-Joukowski’s theorem. (12)

Sketch the flow pattern over an aerofoil for

r<rKuua;r'—‘rKu,m and D %

utta >

Where I' denotes the circulation over the aerofoil. (4)

Explain Joukowski’s transformation to obtain a symmetrical

aerofoil profile from a circle. (10)

Using the above transformation show how a flat plate of length I’

can be obtained. (6)
Or

Write short notes on the following :

(1)

(i1)

(ii1)

(1v)

Von Mises and Karman-Trefftz profiles.
Assumptions of thin aerofoil theory.
Pressure distribution on circular Cylinder in ideal and real flows.

Bluff and Streamlined bodies. (4 x4 =16)
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(ii)

Using Biot-Bavart law derive an expressive for the induced veloeiny

at a point by a semi-infinite vortex filamoent. (8)

Based on the lifting line theory show that the dowawash is constant

over the span for elliptic lift distribution. (&)
Or

Explain the horse-shoe vortex system over a lifting wing. (6)

What are the limitations of the lifting line theory? (4)

Explain how induced drag is produced by a lifting wing. (&)

Explain the phenomenon of boundary layer separation with « neat

sketch. (8)

Prove that the laminar boundary layer thickness on a flat plate at a

distance x from the leading edge is proportional to x/\/R:,x . (&)
Or

Derive the Von Karman momentum integral equation for boundary
layer flows. (6)

Using the above theorem derive expressions for the boundary layer
thickness and the drag coefficient over one side viscous flow of a flat
plate in laminar flow. 5+ 5)
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