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(). 1 = (). 25 carry one mark each.

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

With increase in airfoll thickness, the cntical Mach number for an airfoil is likely to
{A) decrease. {B) increase. {C) remeain unchanged. (D) be undefined.

Due to a body in potential flow, the velocity at a point A in the flow ficld 15 20 m's while the free
stream velocity is only 100 m's. The value of cocfficient of pressure (C.) at the point A is

Which of the following airfol will have location of the maximum camber at half chord length from
the leading adge?

{A)NACA 5212 (B) NACA 1225 {C) NACA 2215 (D) NACA 2512

For a lamanar incompressible flow past a flat plate at zero angle of attack, the vanation of skin
friction drag cocfficient (C;) with Reynolds number based on the chord length (Re. ) can be
expressed as

(A) C, = .fRe_
(B) C, —Re

(A) Static temperature increases, total temperafure remains constant.
(B) Static pressure increases, static temperature dnicreases.
{C) Static temperature increases, total pressore decreases.
(¥} Static pressure increases, total temperatire decreases.

For a completely subsonic isentropic flow through a convergent nozzle, which of the following
statement is TRUET

{A) Pressure at the nozzle exit * back pressure.
{B) Pressure at the nozzlé-exit < back pressure.
{C) Pressure at the nogele exat = back pressure.
(D) Presswre at the narele exit = total pressure.

Which of the following aircraft engmes has the hghest propulsive efficiency at a enusing Mach
numibrer of less than 0.57

({A) Turbofan engine (B) Turbojet engine
(C) Turboprop engine (D) Ramjet engine

Aur, with a Prandt] number of 0.7, flows over a flat plate at a high Reynolds muimber. Which of the
following staternent 15 TRUE?

{A) Thermal boundary layer is thicker than the velocity boundary kayer.

{B) Thermal boundary layer 1s thinner than the velocity boundary kayer.

{C) Thermal boundary layer 1s as thick as the velocity boundary layer.

(I} There is no relationshap between the thicknesses of thermal and velocity boundary layers.
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Q.9 Consider an eigenvalue problem given by Ax=3, x. If A, represent the cigenvalues of the non-
singular square matrix A, then what will be the cigenvalues of matrix A*?
4

(A) 2 (B) & cy »'"* o) &'

Q10 If A and B are both non-singular n*n matnces, then which of the following statement is NOT
TRUE. Note: det represents the determanant of a matrix.

(A) deti AB) = det{A MctiB)
(B) det{ A+B) = det{A) + det(B)
(C) dr:t{-’h:h"J =1

(D) det{ A7) = det{A)

L1l The total number of matenial constants that are necessary and sufficient to descnbe the three
dimensional Hooke's law for an isofropic maternal 15

12 Determine the comrectness or otherwise of the following statements, |a] and [r]:

[a): In a plane siress problem, the shear strains along the thickness direction of a body are zero but
the normal strain along the thickness is not zero.

thickness direction

(B) Boahy [a] and [r] are true but [r] is mot the comrect reason for [a).
(C) Botly [a] and [r] are false.
() |a] i trwe but [r] = false.

13 Consider four thin-walled beams of different openeross-sections, as shown in the cases (v A
shear force of magnitude 'F’ acts vertically dowmaard at the location *P° in all the beams. In which
of the following case, does the shear force indwee bending and twisting?

Case (i) Case (i) Case (iii) Case (iv)
F | 5
[ ]
F
i i
(A) (1) (B) (ii)
(C) (i) (D) {v)
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Q.14

Q.15

Q.16

Q17

Q.18

Q.19

Q.20

Q.21

The effective stiffness of the spring-mass system as shown in the figure below s Nmm

P A A Y A i

2 Nfmm
4 M/ mm

2 NSmm

A structural member supports loads, which produce at a particular point, a state of pure shear stress
of 50 M'mm". At what angles are the pnncipal planes oriented wath respect to the plane of pure
shear?

{(A)n'6 and 2x3 (B)y =4 and 3m'd {C)y /4 and x'2 (D) =2 and

Let x be a positive real number. The function fi{x)=x" + }/! has its minima at x=

The vecfor @ is defined as G = ye_ = xe_, where ¢_and € are the unit vectory along x and y

directiogs, respectively. If the vector & is defined as &:ﬂ’xﬁ-ﬂ'}:nﬂfu-f'}if= _

&'u
x|

(A) circular. (B elliptic. {C) hyperbolic. (D) parsbolic.

fu
The partial differential equation E = where o 15 4 positive constant, s

Combustion in gas turbine engines ks Wéally represented as the following process:
(A} Adiabatic (B} Isentropic (C) Isobaric (¥} Isochoric

For a given chamber pressupe; the thrust of a rocket engine 1s aghest when

(A the rocket is operating at its design altitsde.
{B) the rocket is operating in vacuum.

{C) the rocket 1s operating at sea-level.

([} there = a normeal shock in the rocket mozzle

The damgping ratio in phogoid moton for gliders 5 uswally less compared to powered aircrafi
because

{A) ghders are unpowered.

{B) gliders are Light.

{C) lift to drag ratio 1s hagher for gliders.
() ghiders fly at low speed.

(322 Dunng an aircraft crosing flight, the altiede above the ground is usually measured wsing
(A} dynamic pressure. {B) static pressure.
(C) radar. (D)) laser range finder.
AE 19
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Q.23

Q.24

Q.25

Indicated airspesd s used by a pilot dunng

(A take-off. {B) navigation.
{C) setting the engne RPMM. (D) setting the clevator angle.

The pitch angle and the angle of attack for a fixed wing awcraft are equal dunng

{A) wings level constant altttude flight.
(B) unaccelerated climb.

(C) unaccelerated descent.

() landing.

The load factor of an sircraft turning at a constant altitode is 2. The coefficient of lift reguired for
turning flight as compared to level fight at the same spead will be

{A) same {B) half
(C) double (D) four times

(). 26 - (). 55 carry two marks each.

Q.26

Q.27

Q.28

An un-maxed turbofan engine with a bypass ratio of 6.0, fies with a velocity of 2000 m's. The core

and the bypass nozzles of the engine, that are both convergent mozzles, operate under choked

conditiof and have exhaust stafic temperatures of el R and 295 R, respectvely. The specific gas

constant| and the ratio of specific heats for both the streams are 287 JkgK and || 4. respectively. 1f

the fudlair ratio 15 megligible, the thrust per wnit mass flow rate gencrated by the engine is
Ma'kg.

A singlg-stage gas twrbine operates with an axial absolute flow at the entry and exit from the stage.
The absoluic flow angle at the nozzle exit s 707, The'turbine stage generates a specific work of
228 kl'kg when operating with a mean blade speed-of 440 m/s. The absolute velocity at the rotor
emiry is

(A)275.7 m's {B)551.5m's (C) 1103.0 m's (D) 16545 m's

An axial compressor operates suchothat it has an inlet and an exit total temperature of 300 K and
430 K, respectively. The isentropic) cfficiency of the compressor is 85 %. If the ratio of specific
heats is 1.4, then the total pressure ratio across the compressor is _

Q.29 The maximum valse of cocfficient of lift (C,) for a 2D circular cylinder, provided at least one
stagnation point lies'on the cylinder surface, is predicted by the potential flow theory to be
(A)n2 Byx (C) 2n (D) 4x
AE 49
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Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

The mozzle AB, as shown below, leading to the test section of a low speed subsomic wind tunnel,
has a contraction ratio of 10:1. The pressure difference across the nozzle 5 maintained at 1000
M/'m” and the density of ar s 1.23 I;g-'ml. Assuming one-dimensional, steady, inviscid flow, the

velocity in the test section as measwred atpoint B ms
Flow direetion
—
A - B

diC
The rate of change of moment cocflicient with respect to the angle of attack, —= _ at half chord
o

point of a thin airfodl, as per approximations from the thin airfol theory is
(A) /4 madian™ {B) 22 radian {C) x radian™ (D) ¢ radian”

An uniyisted wing of elliptic planform and aspect ratio 6 consists of thin symmetnc airfioal
sections| The cocfficient of lift (Cy) at 10° angle of attack assuming imviscid ipcompressible flow
is

(A) T/ (B)x'/12 (C) /8 (D) =2

A gaseous mixture of air and fuel enters a constant area combustion chamber at a velocity of 100
m's and at a static temperature of 300 K. The beat release due o combustion s 1000 k'kg. The
specific heat at constant pressure of the calomcally perfect gas 1s 1000 Nkgk. The total temperature
of air-fiel mixture after combustion is __* " K.

Consider 1-D), steady, inviscid, ~compressible flow through a convergent nozzle. The total
temperature and total pressure are T_, P, respectively. The flow through the nozzle is choked with

a mass flow rate of m, . Ifthe total temperature is increased to 4T, , with total pressure remaining
unchanged, then the mass flow rate through the nozzle

{A) rernains unchanged.
(B) becomes halfof m, .
(C) becomes twice of m_ .

(DY) becomes four times of m .
. . . . . . dzx dy .
Consider a second order linear ordinary differential 1:a:|ml|-:|n|1m[J _41:[1 +4y =0, with the

boundary conditions y{0) =1; %ﬂ =1.The valuc of yat x =1 is
x =il

(A) D (B) 1 (C) e D) &
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Q.36

Q.37

Q.38

Q.39

Consider the following system of linear equations:
x-y+z=1

Jx—3Iy+4z=06

x—2y+3iz=4

This system of linear equations has

(A) o solution.
(B) one solubion.
(C) two solufions.
([} three solutions.

A bar made of linear elastic isotropic material is fixed at one end and ::l.i:nj::tnd to an axial force of
1 kN at the other end. The cross-sectional area of the bar is 100 mm’, length is 100 mm and the
Young's Modulus is 1 » 10° N/mm'. The strain encrgy stored in the bar is _ Mmm

A cantilever beam-spring system 15 shown in the figure. The beam is made with a matenal of
Young's modulus 1% 10° N/mm™ and geometry such that its moment of inertia is 100 mm® and
length 1 = 100 mm. It is supported by a spring of stiffness K = 30 N'mm and subjected to a load of
P= 100N at the point "B, The deflection at the point *B” due to the load P is __ mm.

e W Y . Y

Determine the comreciness or otherwise af the following statements, [a] and [r].

[a]: Ribs, wsod in airplanc wings; mecrease the colomn buckling strength of the longitudinal
stiffeners.

[r]: Ribs distribute concenfrated loads into the structure and redistnbute stresses around
discontinuities.

(A) Both [a)] and [r] are tree and [r] is the comect reason for [a)

(B) Both [a] and [r] are true but [r] is mot the correct reason for [a)

(C) Both [a] and |r] are false

(I} [a] 15 true buat [r] is false
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40 A channel section shown in the figure has uniform thickness. It s subjected to an anticlockwise

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

torgue of 62.5= 10 N The maximum possible thickness of the channel section, such that the
shear stress induced in it docs not exceod 100 M/mm™, is _ mim.
18

o ———————————
188 ;nmm

The govermng differential equation of motion of a damped system is given by
d* dx
md—f+cd—+bt =0.fm=1kg ¢=2Ns'mand k =2 N/'m then the frequency of the damped
L L
oscillation of this systemis _ rad's.

A—e e R HH - . b po—dace phad | H diEy’s siress  function:

3 ] 3 4
- zﬁ:r £33 ; +7 IE “ E% . The Airy's stress function will satjsfy the aquilibrium
and the compatibility requirements if and only if the value of the coefficient E is

The value of definite integral j{:'.sin xhdx s ]
]

Use MNewton-Raphson method to solwe the equation: Xe” =]1. Begin with the initial guess
%, = 0.5. The solution afier one stgpds X =

A wall of thickness 5 mm 15 hieated by a hot gas flowing along the wall. The gas i1s at a temperature
of 3000 K, and the comvettive heat transfer coefficient is 160 W/m'K. The wall thermal
conductivity 1s 40 W/mEL If the colder side of the wall 15 held at 500 K, the temperature of the side
exposed to the hot gasys K

A launch wvehicle has a main rocket engine with two identical strap-on motors, all of which fire
simultaneously during the operation. The main engine delivers a thrust of 6300 kN with a specific
mmpulse of 428 s. Each strap-on motor delivers a thrust of 12000 kN with specific impulse of 292 s
The acceleration due to gravity is 9.81 m's’. The effective (combined) specific impulse of the
vehicle 15 5.

A substance expenences an eniropy change of As > 0 in a quasi-sicady process. The nse in
temperature (commesponding to the entropy change As ) is highest for the following process:

(A) iscnthalpic (B) isobaric (C) isochoric (D) isothermal
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Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

In a particular rocket engine, helim propellant is heated to 6000 K and 95% of its total enthalpy is
recovered as kinctic energy of the nozzle exhauvst. Consider helium to be a caloncally perfect gas
with specific heat at constant pressure of 5200 'kgk. The exhaust velocity for such a rocket for an
Oplimum cXpansion is _ ms

An aircrafi 15 fving level in the North direction at a velocity of 535 m's under cross wind from East
o West of 5 m's. For the given aircraft Coy = 0L012deg and Cop = 000072 'deg, where or is the
medder deflection and [ 15 the side slip angle. The redder deflection exerted by pilot is

degrees.

An aircraft weighing 10000 N is flying level at 100 m's and it is powered by a jet engine. The thrust
required for level flight is 1000 M. The maxamum possible thrust produced by the jet engine is 5000
M. The minimuom time required to climb 1000 m, when flight speed is [0 m's, is s

The aircraft velocity (m's) components in body axes are given as [ v, w] = [100, 10, 10]. The air
velocity (m's), angle of attack (deg) and sideslip angle (deg) in that order are

(A)[120, 0.1, 0.1]  (B)[100, 0.1, 0.1] {C) [100.995, 0.1, 5.73] (D) [100.995, 5.71, 5.68]

The Dutch roll motion of the aircraft 1s descnbed by following relationship

ARl |[-026 -1 [[ap
ai | [l 449 0760 Ar

The und natural frequency (rad's) and damping ratie for the Dutch roll won in that order
are:
(A)4.68 1.02 (By4.49, 1.02 (C) 2065, 0.235 (D) 2.165, 1.02

A glider weighing 3300 M is flying at 1000 m above sea level. The wing area is 14.1 m® and the air
density 1s 1.23 kg-'l:nj. Under zero wind condifions, the veloaity for maximuom range is _
m's.

afdes) | G | Co | CUCo
1. 46 | D08AS 169
1.36 | 00675 201
1.23 | 00535 229
1.0E | D440 245
050 | QD350 257
0.70 | 00275 254
049 | 00220 22
0.25 | 008D 13.8

ad | n | = w2 |2

da | [=

A rocket, with a total lifi-off mass of 10000 kg, moves vertically upward from rest under a constant
gravitational acceleration of 9.1 m's". The propellant mass of 3400 kg bums at a constant rate of
1200 kg's. If the specific impulse of the rocket engine 15 240 s, neglecting drag. the bummout
velocity in m's 1s

(A) 39337 (B) 4314.6 (C) 42459 (D) 43833
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55 Asatellite s imjected at an altitude of 350 km above the Earth’s surface, with a velocity of 8.0 km's
parallel to the ]II“H_:| honzon. (Earth radius=6378 km, pe (GM=0Gravitational constant *= Earth mass)
=3.986=10" m's™). The satellite

(A) forms a circular orbat {B) forms an elliptic orbit.
(C) escapes from Earth's gravitafional field. () falls back to carth

END OF THE QUESTION PAPER
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