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Aerodynamics Syllabus

Core Topics:

Basic Fluid Mechanics: Conservation laws: Mass, momentum
(Integral and differential form); Potential flow theory: sources,
sinks, doublets, line vortex and their superposition; Viscosity,
Reynold's number.

Airfoils and wings: Airfoil nomenclature; Aerodynamic
coefficients: lift, drag and moment; Kutta-Joukoswki theorem;
Thin airfoil theory, Kutta condition, starting vortex; Finite wing
theory: Induced drag, Prandtl lifting line theory; Critical and drag
divergence Mach number.

Compressible Flows: Basic concepts of compressibility,
Conservation equations; One dimensional compressible flows,
Fanno flow, Rayleigh flow; Isentropic flows, normal and oblique
shocks, Prandtl-Meyer flow; Flow through nozzles and diffusers.

Special Topics:

Elementary ideas of viscous flows including boundary layers;
Wind Tunnel Testing:

Measurement and visualization techniques.
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Aerodynamics Year Wise Analysis

No of : Total
Questions TR (I (L9 2 A L) WEIRLS

Basic Fluid mechanics and
conservation eqg. (1 + 1)
Ideal potential flow (1 + 0)
Thin airfoil theory (1 + 0)
Low Speed Aerodynamics
(0+1)

High lift devices and NACA
airfoils (1 + 0)

Gas Dynamics (2 + 4)
Basic Fluid mechanics and
conservation eq. (2 + 4)
Low Speed Aerodynamics
(1 +0)

Finite wing theory (0 + 1)
Gas Dynamics (2 + 2)
Basic Fluid mechanics and
conservation eq. (1 + 0)
Ideal potential flow (1 + 1)
Thin airfoil theory (0 + 1)
Low Speed Aerodynamics
(1 +0)

Finite wing theory (0 + 1)
High lift devices and NACA
airfoils (1 + 0)

High Speed Airfoils (1 + 0)
Gas Dynamics (2 + 1)
Basic Fluid mechanics and
conservation eq. (1 + 1)
Ideal potential flow (0 + 1)
Thin airfoil theory (0 + 2)
Low Speed Aerodynamics
(2 +0)

Finite wing theory (1 + 0)
High lift devices and NACA
airfoils (2 + 0)

Gas Dynamics (1 + 2)

1M : e Basic Fluid mechanics and
2014 : conservation eq. (1 + 3) 21
2M : Ideal potential flow (1 + 0)
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Low Speed Aerodynamics
(0+1)

Finite wing theory (0 + 1)
High lift devices and NACA
airfoils (1 + 0)

High Speed Airfoils (0 + 1)
Gas Dynamics (2 + 2)
Basic Fluid mechanics and
conservation eq. (1 + 1)
Ideal potential flow (1 + 1)
Thin airfoil theory (0 + 2)
Finite wing theory (0 + 1)
High Speed Airfoils (2 + 0)
Gas Dynamics (1 + 2)
Basic Fluid mechanics and
conservation eq. (1 + 2)
Ideal potential flow (1 + 0)
Thin airfoil theory (0 + 1)
Low Speed Aerodynamics
(1 +0)

Finite wing theory (1 + 0)
High Speed Airfoils (1 + 0)
Gas Dynamics (1 + 2)
Basic Fluid mechanics and
conservation eq. (0 + 2)
Ideal potential flow (1 + 0)
Low Speed Aerodynamics
(1 +0)

Finite wing theory (0 + 4)
High lift devices and NACA
airfoils (2 + 0)

Gas Dynamics (0 + 3)
Basic Fluid mechanics and
conservation eq. (3 + 1)
Ideal potential flow (1 + 2)
Thin airfoil theory (0 + 1)
Finite wing theory (0 +1)
Gas Dynamics (1 + 2)
Basic Fluid mechanics and
conservation eq. (0 + 2)
Ideal potential flow (1 + 1)
Thin airfoil theory (1 + 0)
Low Speed Aerodynamics
(0+1)

Finite wing theory (0 + 1)
High lift devices and NACA
airfoils (1 + 0)
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Gas Dynamics (1 + 1)
Basic Fluid mechanics and
conservation eq. (0 + 1)
Ideal potential flow (1 + 1)
2008 Thin airfoil theory (0 + 2) 30

_ Finite wing theory (0 + 3) (Total 150
(85 questions) High lift devices and NACA
airfoils (2 + 0)
High Speed Airfoils (0 + 3)
Gas Dynamics (1 + 3)
Basic Fluid mechanics and
conservation eq. (0 + 3)
2007 . Ideal potential flow (0 + 2) 20
' Thin airfoil theory (1 + 0) (Total 150
Finite wing theory (0 + 2) marks )
High Speed Airfoils (1 + 0)
Gas Dynamics (2 + 1)

marks)

(85 questions)
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TABLE OF CONTENT

1. Conservation Laws and Ideal Potential Flow
. General Thin Airfoil Theory
. Finite wing Theory

. Low Speed Aerodynamics

. High Lift Devices and NACA Airfoils

. High Speed Airfoils

. Linearized Supersonic Flow 103 - 107

. Gas Dynamics 108 — 147

¢ GATE and Additional questions
e Exercise at the end of each Chapter
e Previous year GATE questions solved
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Chapter 2

GENERAL THIN AIRFOIL THEORY

2.1 ASSUMPTIONS

1. The airfoil is thin, so that its shape is effectively that of its camber line and also that
the camber line shape deviates very slightly from the chord line.

2. Theory is resisted to low angle of attack.

3. The flow direction is always tangential to the surface of the airfoil.

The camber line is replaced by a line of variable vorticity so that the total circulation about
the chord is sum of vortex element.

rzjéY.ds

where, Y is the distribution of vorticity over the element of camber line ds and circulation is
taken positive in the anti-clockwise direction.

NOTE:
r=¢V.ds= gV x V).ds=¢pE s
r=ffEds=§Yds= [ Y ds
a5~
i.e. change of circulation per unit area is vorticity.

Basic assumptions of theory permit the variation of vorticity along the camber line assumed
to be same as the variation along the OX axis.

Hence for unit span of this section, the lift is given by

Lift=pUr N / unit span

L=pU§ﬁY’.ds=pr06de

The net lift acting on the body can be written as,
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L=f, (P, = Py)(dx x 1)

L= foc APdx (2)

Comparing equation 1 and 2, we get,
prOC Y dx = foc APdx

AP = pUY

AL = APdxcosa

At small AOA cosa =1

AL = APdx

L= focAde = prOC Y dx

Moment about Leading edge
M, p =— fOC APdx X x (Nose down pitching moment is negative)

Mg =—pU[ Y dx xx
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Y= (u+u)—(u+ uy)
Y= (Vi-Vy)
NOTE:

1. Angled Trailing edge :
Since two streamlines cannot each other and it is impossible to have two velocities in
two different directions at single point.
Therefore, Angled Trailing edge must be a stagnation point.
i.e. V1 = Vz =0
Y= (Vl - Vz) = 0
Yrp =0

2. Cusped trailing edge :

Finite angle

At pointa: ¥, =V, =0 At pointa: V|

1 2 1 2
P+ 5pU" =Fo + 5p(1)

1 2 1 2
P+ 5pU” = Fo + 5p(V2)

i.e. V1=V2 *0

Hence,

Y == (Vl - Vz) =O
Yrp =0

The above condition expressed in terms of the strength of the vortex sheet is known as
KUTTA CONDITION.
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Aerodynamic co-efficients for a flat plate airfoil
(1). Lift coefficient
L= [ APdx=pUf; Y dx

_ 2Ua(1 + cosB)
B sin@

Y

X= % (1 —cosB), dx = %SinH

2Ua(1+cos8) c
sin@

L= fon pU sinfdo

L = pulac fon(l + cosH)d6
%puz(c X 1), =pulac X
=21

(2). Pitching Moment at Leading edge

[

0

1 c
Epuzc. c.cyrp.= —pU [, Y xdx

Substituting value of Y in above expression and integrating, we get

CMLE = >

_ ‘L
CMc/a=CmLE* 7

Cmc/a=0
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Center of pressure as the point about which the moment are zero. For symmetric airfoil
the center of pressure is at the quarter-chord point. Also, Point on an airfoil where
moments are independent of angle of attack is called the aerodynamic center. The
moment about quarter chord point is zero for all values of a. Hence for symmetric
airfoil, the quarter chord point is both the center of pressure and the aerodynamics
center.

(2) My =pU[jY (c-x)dx

Substituting value of Y in above expression and integrating, we get

2.7 KUTTA - ZOUKOWSKI’'S TRANSFORMATION

e Of all the transformation conformal in nature, the simplest transformation to
produce conformal shape is KZT.

bZ

=7+ —
$=Z+-

Where, b is constant

e The transformation can be applied to all the other streamlines for producing
corresponding streamlines in € — plane flowing around the airfoil

e |t transforms cylinder from the Z — plane to a special set of airfoils in { — plane. Such
that the airfoils are known as Joukowsky’s airfoils.
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—

Flat Plate

Elliptical airfoil

»2| Symmetric airfoil

$=Z+—

Z
Cambered airfoil
Circular cylinder

Circular- arc airfoil

—

2.8 LIFT GENERATED BY ZOUKOWSKITI’S AIRFOILS
C,=2n(1+e)sin(a+ B)

maximum thickness, t,,,, = 3V3be

chord length, c = 4b

Maximum camber, ¢, = 2bp

Cmax _ B

c 2

where,

a — angle of attack of the airfoil
B — camber effect
e — eccentricity

Note: For flat plate airfoil, e =0, = 0 (no camber)

Hence,
C, = 2msina
For small a,
C, =2na

& www.goodwillgate2iit.com O 191 - 9933949303 / 7338451418




Q. Calculate the theoretical lift coefficient of a Zoukowski’s airfoil t/c = 0.2 and 2% camber
set at 4% incidence in a 2D irrotational flow.

Ans: 0.7946

Given: o = 49

t
-=02=13e
C

- e =0.154

CmaX:EZOOZ
C 2 '

180

> B=004 x2=2292
s

Cy = 21(1 + e)sin(a + B)

C, = 0.7946
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GATE and Additional
objective questions

dac
Q1. The rate of change of moment coefficient with respect to the angle of attack, d—;n at

half chord point of a thin airfoil, as per approximations frm the thin airfoil theory is
(a) /4 radian™ (b) /2 radian™ (c) mradian™ (d) 2m radian™ [GATE 2016]
Ans: (b) /2 radian™

Pitching Moment at half chord point of a thin airfoil

c
C
Mhalf—point = pr Y(E —x)dx

0
_ 2Ua(1+ cos0)
B sin@

2Ua(1+cosB)_ c
)(E — x)dx

14

1 2.2 i
EPU ¢“Cmhatf-point = PU 0 ( sinf

X= % (1 —cos0), dx = gsine

2Ua(1 + cosB)_ c c .
)(5 cos0) 5 sin6do

1 T
EPUZCZCm,half—point = pUL ( siné

nTa
Cm,half—point = 7

d¢, m

da 2

Q2. Consider a symmetric airfoil at an angle of attack of 4°, Using thin airfoil theory, the
magnitude of the moment coefficient about the leading edge is [GATE 2008]

2

(a)2r (b)) (c) ’6’—0

2
Ans: (d) Z—O
CMLE. ~

Where, ais in radians

& www.goodwillgate2iit.com O 191 - 9933949303 / 7338451418




Chapter 7

LINEARIZED SUPERSONIC FLOW

7.1 INTRODUCTION

The linearized perturbation velocity potential equation is given by

aza %9
1—M2)——
( ) +6y =0

The above equation holds for both subsonic and supersonic flows.

7.2 LINEARIZED SUPERSONIC PRESSURE
COEFFICIENT FORMULA

It is the linearized supersonic pressure coefficient, and it states that Cp is directly
proportional to the local surface inclination with respect to the freestream. It holds for any
slender two — dimensional body where © is small.

Note that © is positive when measured above the horizontal, and negative when measured
below the horizontal.
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Note that Cp & (M2 — 1)~/2; hence, for supersonic flow, Cp decreases as M,
increases.
This is in contrast with subsonic flow, where Cp o (1 — M2)~1/2; hence for subsonic

flow, Cp increases as M, increases.

Pincompressible

CPcompressible(subsonic) - /1 Mz
- ()

Both results predict Cp — o0 as M, — 1 from either side.

7.3 APPLICATION TO SUPERSONIC AIRFOILS

Left-running waves

Right-running waves

& www.goodwillgate2iit.com O 191 - 9933949303 / 7338451418




74 A FLAT PLATE AT ANGLE OF ATTACK IN A
SUPERSONIC FLOW

Mes

Looking at this picture, the lower surface of the plate is a compression surface inclined at

the angle a into the freestream, given by
2a
JMZ -1

Since the surface inclination angle is constant along the entire lower surface, Cp; is a
constant value over the lower surface.

CP,l =

Similarly, the top surface is an expansion surface inclined at the abgle a away frim the
freestream, given by

2a
JMZ -1
Cp,, is a constant value over the upper surface.

The normal force coefficient Cy, be obtained from

1 c
Cn = EJO (Cpr = Cpu)dx

1 C
- [ - ——
0
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Q1. Consider a thin flat plate airfoil at a small angle a to an oncoming supersonic stream of

Cc
air. Assuming the flow to be Inviscid, C—Czl is [GATE 2013]
l

(a) zero (b) independent of a
(c) proportional to a  (d) proportional to o
Ans: (b) independent of a

We know,
4a
JMZ —1
4a?

JMZ -1

Cl:

Cd:

Cq MZ-1

c? 4

Hence, it is independent of a

Q2. Using linearized theory, calculate the lift and drag coefficients for a flat plate at a 5°
angle of attack in a Mach 3 flow.

Ans: ¢ = 5° = 0.087 rad
B 4o B 4(0.087)
JMZ -1 V32-1

4(0.0872
= ( ) = 0.011

C, =0.123
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