50, will be treated as malpractice.

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

18AE752

th Semester B.E. Degree Examinati‘o"nf;w Dec.2023/Jan.2024
Fundamentals of Aerodynamic Theory

Time: 3 hrs. "y Max. Marks: 100

Note: Answer any FIVE full questions, choésing ONE full questionz[){?)m each module.

Module-1 ¥
Derive the Integral form of continuity equation from control’ Volume approach. (10 Marks)
Define Mach number. Explain the Mach number regimes with neat sketches. (10 Marks)
OR

Define the following :

(1) Path lines.

(i)  Streak lines.

(iit)  Vorticity.

(iv)  Angular velocity.

(v)  Circulation. (10 Marks)
If for a two-dimensional flow, the velocity potential is given by, ¢ =x(2y —1), determine the

veloc1ty at a point Q(4, 5). Determme also the value of the stream function at this point.

(10 Marks)
, Module-2
With neat sketch, explain the Airfoil Nomenclature and Wing Planform Geometry.
. (10 Marks)
Obtain the Expression for N’ and A’ and the moment M|, mterms of P, 6 and .
; (10 Marks)
OR
Define Drag. Explain the different types of drag with i in deta11 (08 Marks)
Cons1der the NACA23012 airfoil at a=4", C; = 0. 55 and Cu.,, = —0.005. The zero lift
angle of attack is —~1.I'Galso"at a=—4",, C¢ -—1.0125. Calculate the location of the
Naerodynamlc center for the NACA23012 AlIfOﬂ (12 Marks)
Module-3

Derive an expression for lift considering the lifting flow over a circular cylinder. (10 Marks)
Explain the following : |
(1) D’Alembert’s Paradox.

(i)  Doublet flow. (10 Marks)
: OR
Explain the following with relevant sketches :
(1) Kelvin’s circulation theorem.

(11) Kutta condition. (10 Marks)
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Consider an NACA 23012 airfoil. The mean camber line for this airfoil is given by,

3 2
Z 56595 = —0.6075(§j +0.11471 2
C C C c)l.

sy 2 B (13095 nd S 0.02208(1 —3) for 0.2025< > <1.0.
C C G C

Calculate (i) The angle of attack at zero lift.
(ii) The lift coefficient when aed’

(ii1) The moment coefﬁ01ent about the quarter chord.  + (10 Marks)
Module-4
Explain the following :

(1) Down wash.

(i)  Induced drag. ;

(ili)  Helmholtz’s theorem. v (10 Marks)
Obtain the expression for the velocity induced by infinite and semi-infinite Vortex element
using the Biot-Savart Law. (10 Marks)

é OR
Explain Prandtl’s classical lifting hne theory with relevant sketches and expressions.
, (10 Marks)
Enumerate the limitations of Prandtl s lifting line theory ' (10 Marks)
Module-5
Explain the following : ‘

(1) Simplified horse-shoe Vortex model.

@) F ormatlon flight. " (10 Marks)
Explain the mﬂuence of Downwash on the tail plane and prove Eg = _§3a_0_(1 +sec B)

, dN mAR
(10 Marks)
What are high lift devices? Explain with neat sketches. (10 Marks)
Explain the following : .~

) Transonic Area Rule.

(i)  Ground effects.

(ii)  Tip effects.” (10 Marks)

%k ok ok ok ok
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