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2.1 = Q.5 Multiple Choice Question (MCQ). enrry ONE murk esch (lor each wrong

answer; — 1053),

(A | {E) Arun and Aparna are here.
(iiy  Arun snd Aparnn is bere.
(i)  Aron’s femilies i here,
() Arun’s Family is here.

Which of the aboyve sentences are grammatically COREECT?

(&) (1 h amd (1)

(BY | (1) and (iv)

(Km {any auaed (1)

(D) | () and (1v)
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Q.2

PHYLAXIS

X
The mirror image of the above el aboul the X-axis i

I PHAMYXI2
P BHATYXI2
“IdHATYXI2

bHATI'VXIS

(D)
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Q.3
I'wo identical cobe shaped dice each with faces numbered 1 (o 6 are rolled
simultancously, The probabifity that an even number is rolled out on ench
dice is:
(Al | L
36
B |1
2
© |1
B
m |1
1

.4 & amil ) are two operators on nombers poand g such that
pLOq=p—q,mmd pBg—prg
Then, (9C) (68 7)) @ (7 (651

(Ar |40

(B [-26
€y |-33
(D) 40

Q.5 | Four persons P, (), R ond S are to be sented in 2 row. R should not be seated
af the secomd position from the left end of the row. The sumber of distinet
seating arrungenents possible is:

(AY |6
(B} L

(|18
my |24
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Q. 6 = Q. 10 Multiple Choice Chuestion (MOCQ), carry TWO murks each (for each wrong

pnywer: = 2073

Q.6 | On a planar ficld, yvou travelled 3 units East from a point 0. Next vou
travelled 4 units Senth to arcive ot point . Then you travelled from P in the
North-East direction snch that you arrive ui 2 poim that s 6 anits East of
point O Next, vou roveled in the North-West direction, so that you arrive
at point 3 that is § units North of point P,

The distonce of peint Q s point O, in the same anlis, should be

Ay |3
m) |4
(C') i
@ |6

0.7 The suthor said, *MMosicians rehenrse efore (hedr concerts. Aclors relenrse
their roles before the opening of 4 new piny. On ihe other hand, 1 Ond it
strpnge that mmny public speakery think they can just walk on 1o the sage
and start speaking. In my opinlon, it is no less important for public speakers
to rebearse their talks,”

Buaied oo the above passuge, which one of the following is TRUET?

(A Thi suthor ia of the opimion that relerrsing is fmportant for nsicians, aetors

and public speakers.

(B} The muthor = of the opmon that rehegesing 18 less mporant for pubhe speakers
ithan for mmese taie mind netors

(') The author 1s of the opion that rebenmsiig i niore nipstil oiily fis
mnssicinns than public speakers

(o The asuibior 35 of the opmion that rehenrsal 15 wore porant for sciors than
TITTCTS IS
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g. '5% Graduate Aptitude Teatin Engineering 2021

Qrganizing Inatibute - 11T Bambay
Asrospace En:ine!nn: {AE)
Q.8 1. Some foothall players play cricked.
2. Al ericket plavers play hockey.
Among the options given belaw, the statement that logically follows from
the two siatements 1 and 2 above, is:
A Nov toothball plaver plive hockey.
{H) Some foothall plavers plav hockey.
() All football plavers play hockéy
i) | All hockey players play Toothall
Q.9
e r [t
In the figure shown above, PORS is a square. The shuded portion is formed
by the imtersection of sectors of crces with radius equal to the side of the
sgquare and centers at 5 snil .
I'he probability thot any point picked randomly within the square falls in the
sheded nrea is
.'“I. "
{A) = T
(B} l
2
© 1 Z_
Z
(I x
it
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Q.10 | To an eguilateral tdangle POR, side PO s divided into four equal parts, side
QR s divided into six egual pavts and side PR is divided into eight equal parts.
The length of each subdivided part in omis an integer.

The minimuam ares of the trimngle POR possible, in cm?, is

(A |13
(B |24

(Q  |48v3
L) 144473
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0. 1 =013 Multiple Cholce Question (MOQ), carry ONE marks each (for each wrong
mmgwer: = 1)

A 1y X
Q Consider the differential equation ':;;‘E v va b1ty =0 and the boundary
1]

comditions v{0) = | amd %m; = (). The solution to this equation is:
X

(A | y=(l+2xe™

(B) | p={l—dxpe™

(&) p={l+Kxh ™

(D) p={l+dre™

& i

Q.2 &t
+hi—=T1+27.
&

wix, o) is governed by the fellowing equation =
|

| T

The nuture of this equation is:

(A) | Enenr
(B | elliptic
(C) | hyperhohe

(o} | paanbelie

Q3 | Consider the velocity field 77 = (2v+ 3930 +{ 35+ 2001 . The field Fis

(A} | divergence-free and corl-free

{B) ciitl-free bat not divergence-free

() | divergence-free bt not ourl-free

i nether divergence-tree nor cur-free

AE - Copyright € GATE 2021 Page 7 of 22
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.4 The Ngure shows schematics of wave patterns al the exit of nozzles A and B
operating af dilferont pressare ratios.

.

1 AT
e

s 5
J—/,/H-L:.elu ; T

Nozeles A and B, respectiviely, are sabd 16 be operating in:

(A over-exponded mode and nnider-expanded mode

(B} imder-expanded mode and perfectly expunded mode
() petlectly expanled mmide ancl mder-expunded mode

iy | mder-expanded mode and over-expanded mnde

Q.5 | The combustlon process in a turbo-shaft engine during ideal operation is:

(AY | isentrope

i) 1sobnne
L iscns bt
i b i=attiermmnl

A - oy £ 0A TE 2000 Page 8 of 32
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0.6 | Mow does the specilic thrst of & turbajet engine change for a given Mighi
speed with incresise in Might altitude?

(A) Increnses monoloncally

(13 Devresses monotonically

() Remnine constant

(iR st mereanes mind en decieases

o7 How does the propuision efficiency of & turbofan engine, operating ot o
given Mach number and a given aliitude. change with incresse in

O EASOT Pressure rulie”

(Al Femnms comstan!

(8] Inerease: monotonleally

(] Decresses i onieally

(o) Firwt decreases and then increases

Q.8 | Asolid prepeliant rocket producing 25 AN threst is fired for 130 seconds.
The specilic lmpulse of the rocket Is 2980 No/kg. How much propellant
burned during the rocket operntion?

[ LRLU L 1‘{:
(B) | BZ300kg
() |.26% 10% kR

() | 2% 105k

AE = Copwrmge £ OA T 2000 Page 9 of 32
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0.9 | The shape of o supersonke diffuser that slows down o supersonic Mow (o
subsonic Mow is
CA) COTVEr g
(B} | diverzme
(€ chver - conver g
(b corverpng- divergmg
Q.10 | Uniaxial tension test (see the Ngure) s conducted on two different samples
prepared with homogencous, hotrople materials, One of the materials is
brittle, whereas the other is ductile.
X
: ¥
Last
¥
X
Assuming that there is no stress concentriation s loading paints, the (ilure
wionld imitisie:
(AN along ¥-X 0 both matenals
(B} along ®-% i brittle matenal and nlang Y-y m dochle matenl
(<) alirig Y-y i loriitle soaterinl ol nlong ¥- m dochle matornal
(I along y-y in both materials

A - oy £ 0A TE 2000 Page 10 of 32
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Q.11 | For the state of stresa as shown in the fizure, what is the orientation of the
plane with maximum shear stress with respect to the X-axis?
20 MPa
30 MPa -—l——
¥
80 MPa
|
(= H3"
(B} = L
0y | 22s
(D} 37 50
.12 | Let Frag be the true airspeed of an aircrnfi {lving at o cortain altitude
where the density of niris p, and Fieg be the equivalent airspeed. LI p s
the density of mir ot sea-level, what is the ratio ;ﬂ eqyunad to?
B4y
A |p
M
(B} Ay
)
{€) JE
P
£Lyy g
Fua

A = oy £ 0A T 2000 Page 11 of 32
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Q.13 | € — a varkation for a certaln airoralt is shown in the figgre. Which one of
the Tollowing statemenis is true for this sirerali?

EH 1

/ «

A

{A) The aireenft com frimm of o positive o mad iF 15 stable.

(B The mircrait can trim s o pasitve o, biot §f is vostnlile

() The atreraft cam trm of a negntive o amd i is stable

(13) The atveratt can tnom at a pegative o, bun i 15 nastable

AL - oyl 8 A T Page 12 of 32
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Q.14 - QU6 Multiple Select Question (MS50Q), carry ONE mark each (no negative
mearks).
Q.14 | Which of the lollowing statement(s) Is/are true scross an sbligoe shock (in
adinbatic conditiens) over a wedge shown below?
—_—il
M > 1
(A Total pressine decronses
(B Bach pumher bosed on veloety tangentiad to the shock decrenses
£y Totn] tepapembne remmmmns cosstant
(18] Mach pumber based anveloaty taigential 1o (he dock renuns the sae pnid
that based on velocity nomand o the thock decrenses
15 | Which of the fellowing statement(s) is/nre true with regards to Kutta
condifion for Now past mirfoily?
(A} 1t i atilees] 1o detemmnne he circulaticon on an airfol.
B) Ti 15 applicable only w aicforls witls shisrp triilime sdge.
i) The wadling edge of an giefoil is o stepvation poml
(1) | The fow leaves the tailing sdge smonthly

AE = Copyright € GATE 2021 Pags 13.0f 22
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Q16 | According te the thin alefoll theory, which of the following statemeniis)
isfare true for a cambered afrfofl™

{A) The ift coelMicient for an sinfoil i= dueetly proporionsl to the abkolute anple of
Atiack:

& The serodvommic center Les at gquater chood pows

() This center of pressure Bes atquarter chord point.

18} Dang coefficient is progormional (0 the squere of hit coefficient

AE = Copwrmge £ OA T 2000 Page 14 of 32
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17 = 025 Numerical Answer Type (NAT), carry ONE murk cach (ne negative
mearks).

Q.17 Bim _,1__ .I.. = {rovmerd off fo pearest fmieger).

QI8 | Given (hat £ s the unit circle in the counter-clockwise direction with its

B
center ot origin, the integral ?ﬁ:: dr= (roverd off e three decimal
Pluee).

Q1% | A single degree of fréedum spring-mass-damper system is desioned to
cosure that the system returns o its ariginal nndisturbed position in
minimum puessible dme without overshooting. I the mass of the system i
10 kg, spring stifiness is 17400 N/m and the natural frequency is 13.2
rad/s, the coelficlent of damping of the system in Num s (e
off to mearesy infeger).

Q2 | Two cantifever beams (Beam 1 and Beam 2) are made of same
homaegenouns muterind ond have identical cross sections. Beam | has length
| ond Beam 2 has length 2/, Ratin of the first natornl frequency of Heam 1
Liv that of Beam 2 is (revtimiel e o prearest fnleger).

A~ g £ O T 200 Page 15 of 32
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Q.21 | A free vortes Tilament (orkented alome Z-oxis) of sirenzth K =5 m'ls is
placed ml the origin as shown in the fgure. The circulation aroond the
clissed Inop ABCDEF A for this Mow is

Wb
1.0 i
j - 1 20) - X 00
_..f".
Free Yarmex
Steimeth - S
B !
Fil,=l1]
Fl:'l‘.- — W
M
EHik-2) -
G223

Q.27 | Athin-walled evlindricnl tank with closed ends, mode of homopeneows sl
isofropic material. v pressurized internally. I the hoop (dreanmferential)
strnin developed im the materinl is thrice the valne of the axial strain then
the Poivson®s ratio of the moterial is {corricl wp fe ane decimal

place)

Q23 | A jot aircruft has the following specificutions: wing losling = 1800 N/,
wing aren =30 m®, drag polar € = 0,02 + L0455, and € 1y = 1.6
Take density of air af sea level as 1.225 kg'm®.

The speed at which the sircraft achieves masimum endurance in a stendy
and level Might ot sea level is mi's (roond aff fo fwo decimad places),

AE = Copwrmge £ OA T 2000 Page 16 of 32
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Q.24 | An alrevafi with twin jet engines has the fullowing specifications:
Thrust produced (per engine} = 8000 N

Spanwise distance Iietween the hwe engines = 1 m

Wing area = 50 m*, Wing span = 10 m

Rudder effectiveness, €, = —0,002 /deg

Density of air af wea level = 1.225 kgfm'

The rudder deflection, in degrees, required (o muintsin zero sidestip at 100
nus in steady and level flight at sea level with a noo-fanctional right engine
is (rowemd aff to nea decimal places).

Q.25 | The velocity required to lannch a space shattle from the surface of the

carth to achieve o circular orbit of 250 km altitude i {round off ro
ruer dectmal places).

For earth, Gm, = 3908, 600, 4 kmn''s" ond surface rodins By — 637814
kkm.

AE = Copwrmge £ OA T 2000 Page 17 of 32
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.26 - .30 Multiple Choice Question (MCD), carty TWO marks each (for cach winng

anywers = 203

Q.26 | A rigid massless rod pinned al one end has 2 mass » attached (o (s other

enil. The rod is supporicd by a linenr spring of stiffness & a5 shown in the
Gigure.

The mwtural freguency of Uhis system is:

£AD I Er
2 Nl + HY)

(1) T
e i+ )

L8 Y T A
2\l « 859

() HE 1)

FEF s SR

....4' Amt

AE = Copwrmge £ OA T 2000 Page 18 of 32
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Q.27 | The Ogwre shows three glasses P, O and R with water and Moating ice cube.
Gless I luas o solid bee cube, glass € has an ice cube with 2 small solid steel
ball embedded in it and glass R has an ice cube with an air bubhle. After
the ice cube melis, the level of water in glosses P, (F and R, respectively:

I CHE W AL, 110 B OLEE W THE
STHEL 1Al AR

| w Vil

(A} | remuns snme, meteases, mnd decranses

{13) increanss, decrenses, and merepsss

() resnams sane, decrenses. pod decreases

(o remnns s docreased, nod moieases

0D.2% To ectimate serpdynamic loads on an aiccrall Dving ot 100 Km'h at
standard sen-level conditions, o one-fifth scale model is tested in o variable-
density wind innnel ensuring similarity of inertiol and viscous forces. The
pressure wsed in the wind tonned is 10 times (he atmospheric pressure.
Assuming ideal gas law (o bold and the same femperature conditions in
medel mid pretotype. the velocity aseded in the wind tunnel tesi-section is

(A) 25 lkan'h

(B | s0kwh

| 1ok

() 20 km'h

A - oy £ 0A TE 2000 Page 19 of 32
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Q.29 | The Ogure shows schematic of a set-up for visnalization of non-uniform
density Neld In the tesi section of a supersonic winid tunmel. This technigoe
of visualization of high speed Mows is known as

A I I—-- Trarerd il

TJ_I Ssqria | [ Mililem
.— _\_-__::—-._._‘___._\_-__‘_‘__ l:,.l:-
"JlT'lFI':I1 e ——-—_——:‘___‘-—_H_-___":—:__“: P

V1L

e (11 N e 1
(A) schiteren
{1} miterferometry

({8 ahndowrgrnph

() hotopraphy

Q.3 | For g conventional Mxed-wing aircraft in o 3607 inverted vertical loop
manever, what is the losd Doctor (p) at the topmost point of (he loop™
Assame the Tight to be steady ot the topmost point,

Ay | m=1

B} m<l

L) ==

(D) p=—1

AL - Copymght & GATH 2001 Page 20 of 32
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Q31 - 056 Multiple Select Question (MSQ), carry TWO mark cach (no negative
ks,

.31 Which of the following statement(s) Is'are true about the function defined
as fix)=e" oosx| Tor x>072

(A} .
Differentinble gt = ET

(B} Differaiitialite ol & =

| Diffceusishils at x= %

(0 Contmsis o r=2x

Q.32 | A rtwo degree of [reedom spring-mnss system undergoing free vibration
with generalized coordinates x, and ¢, has natural frequencies @ =233.9

rud's wnd g =324.5 rad’s, respectively. The corresponding mode shapes
I |

are ¢ =[ " "-| and g, =|:1 m:[-ﬂ'ihe svstem is disturbed with coriain
=3.16 ;

deflections and zero initinl velocities, then which of the following
statement(s) isfare troe?

(A | Aw oarial deflection of b i0) =632 emand 2,(0) =3, 16 em wonld make the
systemn oscillate with only the second natural fregqueney

(B} An umtial deflection of x (0)= 2em and x (07 = —6.32 con wonld wakee the
system oscillute with only the first patual fequency

(€Y | Anmitial deflection of + (0= 2cm and x,(0)= -2 an would tike the sysiem
osctllste with a hinewr comlunntion of first ond spcond natorm] Frequencies.

{0 An mmti] deflection of «(0)=1em and ¥, (0) = —6.52 com woukd make the
syt osci itz with ouly the first natual frequency.

AE - Copymght € GATE 2021 Pags 21 of 32
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Q.33 | A shoeck moving nte o stntionary gas can be trumsformed to o stationary
shock by a change in reference frome, os shown in the fignre. Which of the
following w'are true relating the flow propertics in the two reference
Trames?

Sk Hpend '|.'1I
— T

T £ F‘I= ]'-'I:
Th Ts mansroRaEn T TV, 1
o S — p:' I"'_-
P P P Pl
T|'p I 5l I.|l|1| I"I 1}

. Bliving ™ Sy w

Sonma| Shock Ml Hhikk
YHOVIRG SHNCE FRUITLE M STATIRARY SHOCK PROBLES

(AY | Tf =T Tor > Tat. a1 = Poae P2 =4

B =" 7<Tu poy=pPn: f2=0

) | R <Twpl>m Pn>Pn. P> 0

(1) 1= 1. P> por- Toy = Toaw iy > P

Q.3 | For a conventional Mxed-wing amroraft, which of the following vtatements
are brue?

(A) | Makiog €, move uegative leads to an mcrease m the frequency of its short-
penod miode

(B} Muking €, thote tegative leads o g decressed damiping of the shor-period
e,

i The primary comtritmtion towanrds E‘,F is Fronn the areratt wing

45]] Increaning the mze of the vertical fin leads 1o o highe vaw daengiing

AE - Capyrgit € GATE 2021 Pags 22 of 32
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Q.35 | Which of the lollowing stntement(s) iv/are troe?

{AY Serviee celing 18 higher than sbaolide coiling for s piston-propeller airomif

(R} | For agiven auciadt, the stall speed merenses with moresse m altitode.

() Everything else rematiumg the sane. o tubaind mereases the range of an
atperafi

{0 Fom jiet nireraf eonstrmined to By ot coustant altinde, dere exists an aliinde
whore s mnge 15 maximom

Q.36 | A conventional fived-wing sirerafl, with o horizontal tail and vértical fin,
in steady and level Might bs subjected to small periurbations. Which of the
following Hutement(s) is/are true?

(A Vertical fin bnan stabilizing effect on the Infernl stabidity of the ameraft,

{H) Vertieal fin hos o destnbibming effeet on the diectiomal stability of the areratt.

(] Presence of wing anhedrnl mereases the lateml stability of the ancmfi

() Horizantal tail has a siabilizing effect ou e lougiindinad stuic sability of the

amemfi

AE = Copwrmge £ OA T 2000 Page 23 of 32
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.37 = (55 Nomerical Answer Type (NAT), carry TWO murk each (no negative
miarks),

Q.37 | The ratio of the product of eigenvilues (o the sum of the egenvalues of the

given muirix
3.1 X
2 3 —1|ks (roaied aff o nearest infeger).
Ia 1]
Q.38 1

The defimite integral J dx is evalnated using four egual intervals by two

i
methods = frst by the trapezoidal rule and then by the Simpson’s one-
third rule. The absolute valng of the difference belween ihe fwe
calculations is {raatnd off fir o decivn placey).

Q.39 The deflection v of a certain beam of longth | and wniform weight per
w

18ES
from the point of support und £F is o constunt. The son-dimensional

location ; o where the deflection of the beam is maximum, is \rerscred
aff fer P decimnd places),

{l'rﬂ Ay 1} , where v is the disfance

umit length o, is given oy v =

AE = Copwrmge £ OA T 2000 Page 24 of 32
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QA1 [ A barge water tank s fixed on o cart with wheels and a vane (see fizure).
The wheels of the cart provide negligible resistance for rolling on the fixed
support. The cart is tied to the fixed support with o thin horizontal rope.
There is 2 hale of dinmeter S cm on the side of the tank through wiich o
jot of constant velocity of 10 m/'s emerges. The jet of water is deflected by
the attached vane by 60 (see figure). Assume that the jet velocily remuaing
constant sl 10 m/s after emerging from the vane. Tuke density of witer (o

bie 1000 kg/m’, The tension in the connecting rope is N (raund off to
e dectmal place).

Q.41 | A Minife wing of efliptic planform with aspect ratho 10, whose section fsa
symmetric airfoll, Is pluced In g uniform Now a0 5 degrees angle of sttscl.
The induced drag coeflicient for the wing is (Powisd off b thiree
decimi places)

AE = Copwrmge £ OA T 2000 Page 25 of 32
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QA | Combsidder o model of o boundary lnver with the following velocity profile:

u —
o
| y>d
The shape factor, defined as the ratio of the displacement thickness o
momentum thickness, for this profile iy (remnd off fo 2 decimal
placis).

Q43 | An abrerafl with & turbajet engine is fhving a1 270 mis. The enthalpy of the
incoming air al the intuke is 260 kl/kp and the enthalpy of the exhaust
gases al the nozele exil is 912 k¥ eg. The ratio of mass flow rates of fucl
and air is cqual to 0.019. The chemical energy (heating value) of fuel i
44.5 MIkg and the combustion process is ideal The total loss of heat from
the enginé Lo the umbient s 25 k1 per kg of air. The velocity of the exhanst
jet s mfs (remend otk fwo decimnal places),

Q44 | Hot puses are generated at a temperature of 2100 K and » pressure of 14
MPain a rocket chamber. The bot gases are expanded ideally to the
ambiont pressure of 0.1 MPs in o convergemi-divergent norile having a
throat area of 0.1 ", The molecular mass of the gas is 22 kg/kmol. The
ratio of specific beats (3 of the gas is 1.3, The vadoe of the universal gas
constant (K] is 8314 Vkmol- K The acceleration due to graviey, g s 9.8
mis", The specific impulse of the rocket is stconds frawnd off o
men decimnd places).
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Q45 | A rwinsapool turbolan engine is operated at sea level (P =1 bar, .= 288
K. The engine has separate cold and hot nozrles. Doring stutic throst test
at sea leved, the overall mass Now mate of sir through the imgine and the
cold exhuust temperaiure are measured to be 100 kg's and I88 K.

respectively. The parameters for the engine arc:

Fnn pressure ratio = 1.6

Oveérall pressure ratio =20

Bypass raths = 3.0

Turhine entry temperature = 1500 K.

The specific heat at constant pressure () is 1005 kI hg-K and the rafio of

specific beats (p ) is 1.4 for nir.

Assuming ideal fan and ideal expunsion in the poszle, the sea-Yevel static
thrust from the cold nozzle is kN {rownd off o two decimal
maces).

Q46 | Atthe design conditions, the velocity triangle ai the mean radius of a single
stuge uxinl compresior iv such that the Made angle al the rotor exil is equal
to 30°, The absoluie velocities ot the rotor inlet and exit are equal to 140
mis wnd 240 my, respectively. The Oow velocities relative (o the rotor at
inlet and exit of the rotor are equol te 240 o and 140 s, respectively.

W
P/
€ W, Li
Ci
The blade speed (I7) at the mean radius of the rotor is m's

(rewid off fo o declimal places).
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QAT | Asingle stage axial turbine has a mean blade speed of 340 mf's ot desizn
condition with blade angles at inlet mnd exit of the rotor being 217 and 55"
respectively. The degree of reaction of the mean rading of the rotar is
equal to 0.4, The unouluy ares ot the rotor indef is 0.08 m? and the density
of gas ut the rotor inlet is 0.9 kg'm'. The Oow rate through the furbine at
these condifions is kgfs (rowd off to ' decimal places),

Q.4% | The air flow rate through the pas gencrutor of a turboprop cagine is 100
ke's, The stegnation temperstures at inlet amd exit of the combustor are
600 K and 1200 K, respectively, The burner eMclency i 90% and the
heating valoe of the fuel is 400 AT kg, The specific heais af constant
pressure (€} Tor air and burned gases are 1000 J/kg-K and 1200 ./ kg-K,
respectively. The How rate of the focl being used is kg
(resemdd vy #e) o devimal places).

{Note: Do oot peglect the fuel Oow rate with respect to the mir low rate)
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Q4% | Arigid horizontal bar ABC, with roller support at A, I pinned to the
columns B and CE at poluts B and C, respectively as shown in figore,
The viber end of the column BD is fixed at T, whereas the column CF is
pinned ot E. A vertical load P 15 applied on the bar at a distance *n” [rom
point B.

The two columns are made of steel with elastic modulas 200 GPa apd hoave
a cross section of 1.5 cm X 1.5 cm. The value of “a” for which bath columms
buckle simultaneously, s cm (rowed off to one decimal
piace).

125 cm
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Q.50 [ A rwo-cell wing bos §s showa in the fipore. The cell walls are 1.5 mm thick

and the shear modulus G =27 GPa. Il the structure is subjected to o
torque of 12 KNm, then ihe wall AD will experience a shear stross of
magnitude NPa (rownd aff to one decimal place),

12 kNm
A B
F s
300 mm
E w
<200 mm D“ V0mm c

(151 | Two canfilever beams AB and M are in contact with éach otbarr of their
free ends throngh a roller as shown in the fizure. Both beams hove s
square cross section of 30 mm X 50 mm, and the elastic modulns F =70
GPa I besm AB is subjected (o i wndTorimily divieibuted oad of 20 N m,
then the compressive Torce experienced by the roller §s s
{roscmd aff o one décimal place).

20 kN/m

o
Az 18 %D
g cl

H 400 mm y e 250mm
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Qa2

A3 mx 1 msignbosrd B supported by a vertical hollow pole that is foed
to the groumd. The pole has a square cross section with outer dimension
250 mm. The vield strepgih of the pole material is 240 MPo. To sustain o
wind pressure of 7.5 kPa, the dimension o of the pole is mm
(renmd off lo mearest integer).

(Neglect the eifect of transverse shear and load due 1o wind pressure
ancting om the pole)

-

15 :
-V B L N

3am

ﬁI 250 mm

E .

An girplane weizhing S300 kg is in a steady level flight with a speed of 225
ms. The pilot initistes a steady poll-op mangover with a rudius of
curvature of 775 m. The location of center of grovity (), center of
pressure on wing (CF) and point of actinn (1) of tail force are marked in
the figure, U'se g = 9,81 m/s". Negleol drag on the tail and assume that tail
foree is vertical. Assuming the engine thrust and drag to be equal, oppaosite
and collinear, the tuil force is KN (roand off to one dectmral
mlace).
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Q5 | A et pircraft weighing 10,0040 K2 has an eltiptic wing with a span of 10m
and arvea 30 m’. The Cpy, Tor the aircraft is 0.025. The maximum speed of
the alrcrslt in steady and level Oight at sea bovel is 100 m/'s, The density of
wir at sea level bs 1.225 ke/m', and take g = 10 m/s’. The masimum thiust
developed by the engine at séa level i N froned o te fwe decfoml
places).

Q.55 | Conslder a jet transport sirplane with the following specifications:
Lift curve slape fior wlng-budf% = 0.1 /deg

Lift curve slope Tor rllld:-—: =0.068 (deg

Tail area §, = 80 m*

Wing area § = 350 m’

Distance hetween menn serodynamic centers of tail and wing-body

i, = 28m

MMean perodyonmic chord © =9 m

Downwash ¢ = (1 4o

Asial lucation of (he wing-bodV mean acrodvanamic center 1, /¢ = 025
Axial location of the center of gravity ::,I,,,."t =03

All axiol locations are with respect (o the leading edge of the root chord
and along the body v-axi. [gnore propualsive elfects

The pitching-moment-coclTicient curve slope (£, ) iy e
fraand off to three decimal placey).

END OF THE QUESTION PAPER
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1 2 MCa 54 B 1 1/3
s . ML A B ; - 13
3 2 MC A D 1 1/3
4 F MACC G o 1 1/3
5 2 hAC GA c 1 1/3
[ 2 MCQ 30, c P /3
7 F MCQ G A 2 /3
8 P Moo = B 2z 2/3
9 2 MO GA € 2 /3
10 2 ML @A 2] 2 243
1 2 MCG AE 1] 1 1/3
2 2 MCQ AE B 1 /3
3 2 MC AE B 1 1/3
i 2 MCO AE A 1 1/3
5 2 MO AE B 1 1/3
& 2 MCQ AE A 1 1/3
7 2 M. AE D 1 1/3
8 F MCG AE C 1 1/3
9 2 MCQ AE D 1 1/3
10 2 MCO AE B 1 1/3




GATE 2021 Answar Keys for Aerospace Enlnesilng [AE)

11 2 MCE AE ] 1 1/3
12 2 MO AE C 1 1/3
13 2 MO AE B 1 1/3
i4 . mMEa AE A, B;C i 0
15 2 MSEL AE AB D 1 (1]
16 F MSd AE A B 1 0
17 2 NAT AE Dtod 1 0
18 2 MAT AE 0.02 1o 0.03 1 0
19 z NAT AE 2?313“1‘?;;:“ 1 o
20 2 NAT AE 4104 i | 0
21 2 NAT AE Dto 1 0
22 2 MAT AE 0.2 1o 0.2 1 0
3 2 NAT AE 64,30 to 64.60 1 0
2 2 MAT AE 6.50 1o 6.60 1 0
7.75t0 7.77 OR
5 2 NAT AE 775000 10 1 0
T770.00
26 2 MECT) AE A 2 /3
27 2 Mg AF c 2 /3
28 2 M. AE B 2 2/3
25 - M AE C 2 2/3
0 2 MCD AE D 2 2/3
L | 2 M5O AE B; D 2 0
32 2 M AE B; C 2 0
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Oitas: | essian Mi.w;]:'ﬁ‘r 5;::: uz}s::en;e MR Miﬂ.:a
33 2 MG AE 1] 2 0
34 2 Msa AE AC:D 2 0
35 2 ME0 AE B:c. D F 0
k[ . mMEa AE A; D 2 0
37 2 MAT AE Biod 2 (1]

F MNAT AE 0,56 1o 0.68 2 0
39 2 MNAT AE 0.41 1o 0.43 ] 0
a0 2 MAT AE 98.0 10 98.5 2 0
41 rl MAT AE 0.005 to 0.009 2 0
a2 rl MNAT AE 4.8 1n 5.2 2z 0
43 2 NAT AE 605 1o 607 2 L
34 2 MAT AE 216 1o 22H) 2 0
a5 2 MAT AE 20 o 22 2 0
16 2 MAT AE 274 to 282 2 0
LT 2 NAT 13 12.0 to 105 2 0
48 2 NAT AE 23510 2.50 2 G
43 z MAT RE 14.0 1o 16.0 2 0
50 2 NAT AE 211025 2 0
51 2 NAT AE 2.2t02.6 2 0
52 2 NAT AE 232 to 238 2 0
53 2 NAT AE 14.8 to 15.2 2 0
54 2 NAT AE 9735 to 9797 2 0
55 2 NAT AE -0.025 to -0.023 2 0
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