GATE 2015 AEROSPACE- AE

Q. 1- Q. 25carry one mark each.

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

=0is

The partial differential equatio%%+

(A) linear and first order (B) linear and second order
(C) nonlinear and first order (D) nontlinear and second order

The system of equations for the variabtesdy

ax+by=e [
cx+dy=f /
has a unique solution only if .

[
(A) ad—bc=0 (B) ac—bd =0 (C) a+c#b+d (D) a—c#b-d

A linearmassspringdashposystems overdamped. In free vibrationhis systemiundergoes

(A) non-oscillatorymotion (B) randemmotion ' {
(C) oscillatory and periodimotion (D/),ﬁscillatory and notperiodicmotion

g
A cantilever withthin-walled channetrosssection is subjeetito a lateral force at its shear cente
The cantileverundergoes f

(A) bending without twisting (B) ben!i and twisting
(C) neither bending nor twisting (D) twistirig_withgdt bending

4
The wo nonzero principal stresss at a point in‘r athin plate are 6y = 25 MPa and
0, = —25MPa. The maximumﬁhgér stre@s M Pa) at this pointis .

¥

Consider the density and altitude at the base of an isothermal layer in the standgybeatrosbe
p1 andhq, respectivelyThe density variatiorwith altitude p versush) in thatlayeris governed by
(R: specificgas constant, temperaturgg, : acceleration due to gravity at sea level)

) £ = o liJend | @) £ = e larl 1=
P1 | P1

(€L = ¢ Tt ) £ = ¢ Lo 1=
P1 F) P1

For constant frege stream velociyd densitya change in lift for a large aspect ragtoaightwing,
with thin cambered airfogectionat small angles of attaclkeads to

(A)-a shiftof the aerodynamicenterand no shifof the center of pressure
(B) a shiftof thecenter of pressur@nd no shifof the aerodynamic center
(C) shift of boththe aerodynamic center aride center of pressure

(bl- no shift eitherof theaerodynamic center af the center of pressure

Which oneof the following mode®f a stable aircrathasnon-oscillatory response characteristics

(A) Short period (B) Phugoid
(C) Dutch roll (D) Spiral

As a candidate for gerticaltail, whichoneof the followingairfoil sections is appropriate?

(A) NACA 0012 (B) NACA 2312 (C)NACA 23012 (D) Clarke Y profile
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

The primary purpose of a trailing edge flap is to

(A) avoid flow separation (B) increaseC

|, max

(C) reduce wave drag (D) reduce induced drag

Which one of the following aero engines has the highest propulsiveeéy?

(A) Turbojet engine without afterburner (B) Turbojet engine with afterburner
(C) Turbofan engine (D) Ramjet engine

The stoichiometric fuedo-air ratio in an aircrafengine combustor varies with the compres

pressure ratio as follows: .‘") )
(A) increases linearly (B) decreases linearly { -
(C) is independent (D) increases nonlinearly

A rocket engine produces a total impulsel®d® kN.s in a burn time period of é;-S minutes with
propellant mass flow ratef 0.25 kg/s. The effective exhaust Velocitin m/s) of gas ejecting
from the enginés \

o’ »
-‘I"'
The functiony = x> — x has / ,
(A) no inflection point '(B) oneznfl ction point
(C) two inflection points (D) thre ﬁ'mflection points

A 0.5 kg mass is suspendeerticallyfrom a poinfixed pnihé Eérthby a spnng having a stiffnes:
of 5 N/mm. Thestaticdisplacemen(in mm) of the masss

-3 |

N ¢
A slender structures subjectéd-*to four different loading cagkdl, Il andIV) as shown below

(Figures not to scaleyVhich pair of cases resugtin identicalstress distribution at section-SS
located far away from both eritis

(1 = - [

S S
/ i /] ; 3P
| ' P/8
/] I —> P / ! |
/| : / : okl
S S
i ' (V]
S S
/1 : >3P/8 /] ' < 3P/8
i —> i «—
/1 : P/8 /] : P/8
i < P/8 i — P/8
4 5 —3ps /] 5 >3P/8
S S
(A)land 1l (B) I'and 111 (C) Mand IV (D) IVand |
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Q.17 An aircraftin levelandunacceleratetlight with avelocity of v,, = 300 m/s requires goowerof
9 x 10° W. If the aircraftweighs1.5 x 10° N, the lift-to-drag ratiog is .

Q.18 The percentage changethe lift -off distance for 20 % increase in aircraft weight is .

Q.19 Consider a monoplane wing and a biplane wing with identicébilagections, wingspans an
incidence angles in identical conditions in a wind tunnel. As compar¢de monoplane, the
biplane experiences

(A) a higher lift and a higher drag (B) a higher lift and a lower drag
(C) a lower lift and a lower drag (D) a lower lift and a higher drag

&’
Q.20 A statically stable trimmed aircradikperiences a gust and the angle of attack reduces’ momen

As a result, the center of pressure of the aircraft { r
(A) shifts forward (B) shifts rearward

(C) does not shift (D) coincides with.the neutral point

Q.21 Consider a wingf elliptic planform with its aspect ratioAR — oo . lts lif-curve slope
dCL _ ."".J il

d o . Ill-" I.
f

Q.22 An ideal gas ina reservoirhasa specific stagnatioa ?thalptyf h,. The gas igsentropically

expanded to a nespecific stagnatioenthalpyof & ana vejocit'f/u. The flow is onedimensional
u? ok f

and steady. ien — = . {
hy N

¥

Q.23

: , UL . o
The Reynolds numberRRe is defined as——wherel is the length scale for a flow) is its
; . 1%
reference velocityinij 14 i51 the coefficient of kinematic viscosityin the laminar boundary layer

L y . . . ou ,
approximation) comparison of the dimensions of the convection tegmand the viscous term
X
o
2

v% leads toatFe following relation between the boundary layer thickfiesglRe:
X |

(A) s cRe (B) 5 c1/JRe (C) & « Re (D) < 1/Re

Q.24 Isentropic efficlencies ahnaircraft engineperating at typicasubsoniccruise conditions with the
fbllowing components intake, compressor, turbi@ad nozzle aredenoted by, , 7., n,andn,,
res{pectively. Which one of the following is correct?

(A) 77i<770<77t<77n (B) 77t<77i<77c<77n
(C) Me <1 <1; <T]y, (D) e <17, <71, <71,
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Q.25 A rocket nozzle is designdd producemaximum thrust at an altitudé = 8 km from the sea
level. The nozzle operates in

(A) under-expaded conditiorfor H > 8 km
(B) under-expaded conditiorfor H < 8 km
(C) sonic exit condition foH > 8 km
(D) unchoked condition foH < 8 km

Q. 26 —Q. 55 carry two marks each.

Q.26 d’y _dy . . . T 4
—-—-2—+Yy=0, if the values of the integration constants.are identical and

In the solution of >
dx dx

one of the initial conditions is specified ¢0) =1, the other initial conditiory’(O) = e

27 '
Q For x > 0, the generalsolution of the differential equat‘lon;ﬂle—Zy rasymptotically
{ aX

approaches . il {
/_;’{ »

f i
Q.28 For a parabola defined by = ax? + bx+c, a# 0, the coordinategx, y) of the extremum are
| ¥

-b +b%*-4ac r —a ibz +4ac
*) ( £+ 2a 'OJ B) (Z 2a / j

—

-b —-b*+4ac 4 (
(O e ( D) (0,¢)
2a 4a <X y
Yy
v . . [60 50
The 2D stress state at a poiRtin thex-y coordinate systens [5 0 —40
of the tangential stregs MPa) ona surfacenormal to thex-axis atP is

Q.29 ] MPa. The magnitude

Q.30 A cube made of a linear elastic isotropic material is subjectaditaform hydrostatic pressure (
100 N/mmz.q Under this load, the volun@f the cube shrinks b§.05%. The Young's modulus of
the materia,IEd'z 300 GPa. The Poisson's ratio of the material is .

il
Q31 A masslessanﬂgver'beanPQ has asolid square crossection {0 mm x 10 mm). This beam is
subjected to a loaW through a rigidmasslesdink at the point Q,as shown belowfigure not to
scale) If the Young's modulus of the material= 200 GPa, the deflectionin mm) at pointQ
is’ .
I

\ W=100N

i
w

I 0

= & 1=300mm 5 mm
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Q32 an aircraff with a wing Ioadingg = 500 N/m?, is gliding at (%) = 10 andC;, = 0.69.
max
Considering thefree stream densitp,, = 0.9 kg/m?3, the equilibrium glide speedin m/s)
is

Q.33 For a thin flat plate @ degreesngle of attack, the pitching moment coefficient aliba trailing
edge is

Q.34 A satellite is to be transferred from its geostationary orbit to a ar@allar orbit of the same radit
through a single impulse cof-plane maneuver. The magnitude of the change in velocity required
is timeshe magnitude of the escape velocity. g
|':

7

Q.35 A planetary probe isaunchedat a speed 0200 km/s andat a distance 01,400 km from the
mass center ofts nearestplanet of massl.9 x 10%8kg. The universal _gravitational constant,

3
G =6.67x10"1 ](;"7. Theensuingpathof the probevould be

(A) elliptic (B) hyperbaolic (C) parabalic { (D,? circular

/;n’ #

Q.36 The velocity profile of an incompressible Ian;rfnar bounda'lry layer oflet plate developing unde

3 [
constant pressure is given t%l):g—;—%(%j . T?reestream velocity . =10 m/s and

' i
the dynamic viscosity of the fluigs = 1.8x107° k_g At a.streamwise station where the boundary

ms
Y {

layer thicknessd = 5mm, the W—iﬂ shiear stress | x10°Pa.

<
J'
Q.37 The Pitot tube of an aircraft registers a presgyre 54051N / m”. The static pressuregensity

and the ratio of specific heat$ the freestream ar@, = 45565N /m?, p, = 0.6417kg/ m’and
¥ = 1.4, respectively. Thé{indicated airspg@d m/s) is

(A) 1576 . (B) 1626 (C) 1720 (D) 1823

o

Q38 Consider a NACA 0012 aerofoil of choalin a freestream with velocity, at a norzero positive
angle of attackz’f The average timef-flight for a particle to move from the leading edge to the

trailing edge on the suction and pressure sidest,aeand t,, respectively. Thin aerofoil theory

yields the veldlcity perturbation to the freestreangs(lﬂzﬂ on the suction side and as

sind
Ly (1+ cost

e on the pressure side, wher@ corresponds to the chordwise (tios,
sin

|
w

X;%(l— cosd). Thent,-t, is

8rac

Ay - maC ©) 4rac (D) 8rac
V,(4-7a?)  ©®F V. (4— 227 V(4= 2%
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Q.39 Air enters an aircraft engingt avelocity of 180 m/s with a flow rate of 94 kg/s. The engine
combustor requireS.2 kg/s of air to burnl kg/s of fuel. The velocity of gas exiting from the
engine is640 m/s. The momenturthrust (inN) developed by thengine is

(A) 43241 (B) 45594 (C) 47940 (D) 49779

Q.40 A solid rocket motor is designed with a cylindrical dndning propellant grain of lengthm and
diameter32 cm. The density othe propellant grain is1750 kg/m3. The specific impulse of the
motor is190 s and the acceleration due to gravitypi8 m/s2. If the propellant burns for a period
of 150 s, then the thrusfin N) produced by the rocket motor _is .

Q.41 Aliquid propellant rocket hasé followingcomponenmas®s

Mass of payload =180kg ; ( :
Mass of fuel =470kg

Mass of oxidizer =1170kg

Mass of structures =150kg }.

Mass of guidance systems =20kg g Y {

The effective exhaust velocitig 3136 m/s. The velocity incrementin km/s) of the rocketat
burnout while operating in outer spagas, / - |

| i

Q.42 If all the eigenvalues of a matrix are real and equal,)(?én
J r
(A) the matrix is diagonalizable ——
(B) its eigenvectors are not necessatily linearly independent
(C) its eigenvectors are Imearlzlyndgpendent

(D) its determinant is necessix Zero

Q.43 2
The value of the integraji 4x3 +3X% 42X+ 1)dx evaluated numerically using Simpson's rule with
r .3
one step is { (
(A) 26.5 . (B) 26 (C)B.5 (D) 25.3

Q.44 The foIIowiﬁg%ata is for a single degree of freedom system witlowssdamping:
4 iassm = 10 kg; spring stiffnessk = 2.25 N/mm;
(rj?famp'i'ng coefficienty = 0.0125 N s/mm.
The ratio of any two successive amplitudes is
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Q.45 Determine the correctness or otherwise of the followaswgrtion [ajandreason [r]

Assertion[a]: Aircraft directional static stability can be improved by moving the vertical
rearward

Reasor{r]: Moving the vertical tail rearward increas the moment arm from the tail aerodynamic
center to the aircraft center of gravity

(A) Both [a] and [r] are true and [r] is tloerrectreason for [a]

(B) Both [a] and [r] are true but [r] is not the correct reason for [a]

(C) Both [a] and [r]are false h
(D) [a] is true and [r] is false f

&’

Q.46 Consider a D blunt body in an incompressible fluid stream. The flow is irrotatiamé can be
modeled as a linear combination of a uniform flow and a line source (Rankimedhg) as 'shown
below. Let s bethe distance of the linsource from the front stagnation poibet d bethe
upstream distance from the stagnation point to the streamwise logtabeted below a®) where

the oncoming stream reaches 90% of its undisturbed veldtien d /s=
il {

/‘( . Rankine half body
s

/ T
uniform flow ——» / - @;mce
| [
/

]
J

o

LY

Q.47 Following are the operational paranleters of an axial Fo’mbressor stage:
ol

Air mass flow rate | '=24kg/s
Static temperature of air at the rotor inlet =278K
Velocity of air at the rotor inlet fzero whirl velocity) 140 m/s
Work done orthe compressor rotor =734 kj
Isentropic efficiency of the compressor stage =0.86

Ratio of specific heats - =14

Specific leat at constant Rressure =1.005 kJ/kgK

Thestagnatiorpressure ratio acrosset axial compressor stage is
o

Q.48 The thin rectang lar tube showrelowis made of amaterial withshear modulusG = 80 GPa.
The shear flow?l; calculated based on the-thickness dimensionsf the free end is allowed to
twist no more tha.0727 rad, thenthemaximumtorque (inN'm) which the tubecan ke subjected
to at its free ends

I

.,
=S mm
L

—Smm

3mm

S0mm, |

40 mm 1=2m
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Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

A 200 mm long simplysupportedcolumn has a5 mm x 10 mm rectangular crossection.The
Young's modulus of the materidl, = 200 GPa. Assuming a factor of safety of 2c6rresponding
to the buckling load,ite maximum loadin N) the column can gportin compressiolis

For alevel flight at cruise altitude¢, = 0.018 with drag coefficient at zero lift,Cp o = 0.015.
For a30° climb atthe same altitude argpeed(C, = x 1073,

b
An aircraft is flying with inertial ground andvind speed of \7g = (100, 5, 5) mj/s and
{

\73 = (0,—5,—10) m/s, respectively, as expressed in the body frame. The corresponding s
angle(in degreesjs y 1

i- o
(A)O (B) 5.65 (C)8.49 (D) 9.54

The elliptical area swept by a satellite 5% x 10°km? in one full orbit. Its angular speed
observed to b6.00125 rad/s when it is at a dis@ncé Gf_200 km from"the center of mass of its

primary. Its orbital period (in Earth days)is & . =
g

f

For a normal shock, the relation between lthe ups}ream Mach nuiMhgrapnd the downstream

oz td
%_ For an ideal gas witly =14, the

» 2rM 12 +1— pwn
asymptotic value dhe downstream Mdeh number is .

11'1

A centrifugal air compressor lfs-ioperating at the following conditions:

Mach number M,) is given by MZZ:

Inlet stagnation temperature = 288K
Inlet stagnation pressure, = 115bar
Exit stagnation temﬁeratLtre =454K
Exit stagnation pressure = 4.8bar

The energy l@ss due to n@entropic compression per unit mass of flowing air (ratio of specific
heats,y =14 anf specific heat at constant press@g,= 1.005kJ /kgK ) is kJ /kg.

Hot gas (ratio of specific heatg,= 133) at a temperature df450K enters into an axial turbine
and expands Iisentropically. Assume that the kinetic energy of theag@ss the turbine is
negligible. If the ratio of inlet to outlet pressures of the turbin®.5s then the temperature (i)
of gas exiing the turbine is

w

r
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