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A rigd, impuiated tank s indtially evacaated. The tark is connerted with 2 supply L thooagh which e
rarsmiad to be idesl pas with eonstant specife hents) pastas Gt | MPa, 35070, A valve eofinectad with
ihu supply s is opened and the sank S chargind with air wnill the fisal pressure ingide e cank
regekes | MPa. The final temperaturs inside the tank Bar su ppky
line
B ip preater than 35070
Valve
{bb i lozs than 3R0TC
feh is equal w 350°C Tank
iy may ke grester than, less than, & eaqital oy 350°C, dapending on the wolume of the tank
For the three-dimensional object showm in the Ggure below, fve faces are inmlated, The gixch fuce
(PQAS), wheeh 12 ot insulated, intereets thermnlly with the ambient, with 3 amvective heat bransfer
coefficient af 10 Wimt K The ambient feanperatnrm @ 300, Heat is uniformly generated mside the
lyjact at the rate of 100 W', Assurming the Faon QRS W b ok unifarm temperatare, ity steady slace
temperaturk is
) 1050
1h) 2070
ed A0
1d) 40T
Watse, having o dersity of 1000 Kpie?, tssues from o nozzle with & veloeicy of 10 ms and the jit Hzﬂngn
2 buket meugibid o a Pelton whee] The wheel retetes st 10 radis. The mean diamater of the whisl ia
1 . The et s apdit Enbo bwi equal streams by the bocket, such that ench stream in deflagted by 120°, &
shawn, in the flgure. Friction in the buskat may b neglocted. Magnitude of the toeque exered by the
wabsr on the whisel, per undt mass flow rate of the insuming jet, is
Defleciad pot

(@) O (N.m k)

; 120°
ikt 128 (M.mlikgs) Incoming jet }
1) 2.8 (N m kgl Tz
() 175 (Moeitlogia) Deflected jet
pf information. This is not an

pne. This might be
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Athezmal powsr pland sgwrates nn 2 rugenerative eyeln with a single open feadwater heater, as shown
Imthe figare. For the sate polats ghown, the specific enthaipies are b, = 2000 kel kg wndd by = 20 kg
The Blesd to the feedwater heater B 50% of tbe boiler sleam gersrstiom rate. The specifie anthalpy 2t
shati J B2

i i i ¥
tal 190 Tk e et _'I\”"'"J
:\" Confdenser
iB 2250 ke Q
() 1500 ke * -
'Dm“ Eﬂmttf cmdﬁ"‘l_ml:'
ey 3000 =lhg Teitir ‘N‘f,’,.;f“"

Mpist zir at a presaare of 100 kPa is compressed ta 500 kPa ond then ooolec t4 354G inoan afteroooler.
The nir ot the entoy fe e aflermaler s enastureted ond becomes just scraced ak the ot of the
afereonler, The saturation press: e of wawsy a1 35°C (2 5622 kPa. The partial preasare of water vapoar
i EPn) in the moiss air enbering e eompraee @ closeat in

fa) AT
by 1.13
=) 228
idl 4.52

i

A holbew enclnsare is formed betwsen Lwa anfinitely long conceniric eylinders of radii 1 m and 2 m,
reypeclively Radintive heat cxchange tabos placs: betwoon the inner sorface of the larger cplinder
{surface-2) and the euter surface of the smaller celinder (sarface 1) The radiatieg surfaees ove iffoe
and the medium in the snelomern i non. participating. The fraction of the thermal radiation leaving the
larger sorfacs and suriking iteelf is

Burface-1
) bE5
6y 0.5
e} 075 ‘
WL Surface-2

Adr (at stysaspheric prossire) at a dry bulb temperatare of 4050 usd wet balb lesperature of :.Hﬂ_?i:
wmiclifisd i an air washer oparating with continaous water recirculution. The wet bulb depremsion
[ip. the diffsrence Becween the dry anc wal bulk tempecstures) 2l Lhe exit is 25% of that ot the inlet.

The dry bulb temperabura ot the exit of the air washer iz eoaest fo
L] 10PC :

(b 20°C

e} 2H 2

) 3G

cial one. This might be
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sinnal Bt comdustion takes plaoe in the body shewn in Uhe Ggure balov Tha eiormal

temperature gradicnts over sudaces F aml § can be considered to be unafizrm. The tom peraturs gradient

AT crface & is oqual o 10 Kim, Surinces P ord § are melotaioed ot constant temperatures as

shoien b the fgure, whike the remasning part of the bowndary Is insalated. The body has a conatast

- ar ET
shermal pomdwctivity of 0.1 wien Ko The valizes of =] amil E at surfece P are

o 4T ¥
i ‘my, — =4 Km —_—
ial F = 30 Kim, F ] i II.ISMI-:EQ.BT.
b
T T
i h.qm‘-:mﬁfm _
i ~ Am
il r';-_T__thI T 10 Kim = Surface P 100°C
" X
AT ‘T
] I-um,&—.-ﬂuﬁm.
lnutnd,-:m-eumnyDuwpmmmhhiq:p]minadrviwﬂﬂtnlinaki:ﬂdadlunﬂeumlnt.ﬂu
ceiiat
wnrl dome per oril s flow rate i@ given by W= - I‘-“ﬁp,ihwaﬂﬂhtrpndﬁtmlﬂmmdpi:me
irkt

pressire, The eupression for = given shove

ia) is vabld caly if the process §s boih reversible and adiabatic
() is valtid omly il the proceas is both reversible and issthermal
ieh is valid for any roversible process

skl

(] i insurrect; is must be w = Ipl:h
il

Faw tha standard transportation [near progremme with m souress and o destinations and Latsl supply
wqualing tatal demasd, am egtimal sobotion (bewest cost) with the smallsst pamter of noo-zero x| values
Jamnitnts freen sewres | oo destination j) a5 desired. The best upper bound for this number iz

oy mm (61 B im+m}

Ied m+ o Idi m+n-1

ATV nverage sysem 15 ased for forcasting weekly demand. Fi nnd Foithare anguences of forec #45
with parameters m, and m, respectively. where m, and my im, > m) denote the numbsss of waoeks over
which this mobing averspes are Bakim. The acbual demand shows a slep inerease fram d W ﬂ-. LR
certann tame. Swhsegarmly,

L) neither F AL nos F itk will cateh up with the value d

it bath sequences Fith sl P10 will reach A, in the same period
ek F it will etisie tha walue i, before Fsm

Lt Fyrtl wild actaim the value &, batiry F (i}

pne. This might be
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gn. Far tne Aetwerk helow, the objective & o find the length of the ghortest, path from noce B to sede O
Lot d, b the length ol directiol are fram nada i do rode j

Let 5 be the jrijth of che shorteet path from T to node j. Whiah of Uie Glowing sqoaticos can be used
to {ind =7

In! 4, = Minis,, g -._.__\ o h‘?

181 3, = Minlsg =&, 5 - dol . '#/‘\\ ~ )

e}, = Minls, 1 dm, + dl i ey = DR
T

1)y = MR, g

£1. The product struchsrs of &n assembly P is shown in the Spare,
Estimated demand for end product P is as follows
[ Wl T | = i T & | & [ &
(Pemand | 10 | tooo [ ee0 | w0co | w0 ) 1 |

|
ignory ke times fr sxsembiy anc sob-sssembly. Froduction capacidy [per weslk) for msponent I s
the Battleneck operaticn. Stnrting with zero invertary, the smallest capagity that wil sesure a faambie

prodiucton plar up b week Bis q—l
"
|
i 1004 R

Bmukimbily 'J
ik 1300 ‘ [+ L] ’
(o 2200 Sl si-whly —-‘]_|

g

) 2406

B2 Oine tooth of o gear having 4 moduls and 32 tecth is shown in the figure. Asans that the gear 'IMU'
arzl tha eorresponding toath space make squal intercests on thies piteh crcumfernrnes. The dmensions
o wod ‘B, respectively, ane closest o

iz} .08 mm, 4 mm "_ J

|b: 648 men. 4.2 mm I'ill.'llCil'.'h.’x\\-’ |"{ ‘f\, 3
{2d 6.28 man, 4.8 mm = Al
iif) 628 mm, 4.1 mm

=

B3, Whils canling, a cubissl casting of side 40 mm undargoes 2%, 4% and 5% velume shrinkage doanng the
liguid state, phass transition #nd solid state, raspeetively, The velume of metal compersated From the

risEr is
fa) 2%
& 7%
{z) Bk
d} %

B Inasingle print burning tocl, the side rake angle and sethogueal
cutting sdge angle and its range is [ 55 80°, Thea chip fows

reke anghe nre equal. g ia the principal
L oorthoguaiad plane, The: valas of ¢is

chasant to
la) 0 by 45%
{0} B0° 1) A

r a4 piece of information. This is not an cial one. This might be
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A rravarcher condaets edeclrochesnl cal machining (ECME on o inary alboy L deraity G000 Rgim™ of won
ixLammic wekght 56, voleney 24 and mecal Fintame: welght 24, valorey 41 Faraday's conatant = 36500
enulambimals, Yolumetr matgrial remaval rale of the alloy s 50 mmbis at s currect of 2000 A, The
prereertape of the metal s the ailny ia classst Lo

(h128

1T

cal 40
el 15

In 3 sisigle poss rolfing peratinn, a 50 wm thick plate with plate wadth of 10 mm, b redaged b 18 am.
The ralber radius (s 250 mm asd rotational gperd is 10 rpa. The average {low strias for the plats
material ia 300 WP, The pewer required far the rolling opiratin in KW is olosal Lo

thy 1E2

(ah 4548

el 152
fed BlA

15 are welding of 3 batt jrint. the welding gpand i 1o be sglected such that hi.d'-tn cooling rate is
achieved, Melting elTeisney and hone traneSer effisency ane 05 and 0.7, respectively The nrea of Ihe
weld cross section is § mm’ and Lhe unit enaTgy reguired to melt te ekl is 10 Maamd, 11 tha welding

peweris @ kW, the welding spaed in snns 15 closst b

1al 4 by 14

ich 4 + GafbEL

In the deep drawing of cops, blanks shew a tendarey te wrinkle up around the periphery (fangel
The most likdly cause and reredy of the phanomenon ar, respectavely,

() Buckling due to circemlasential cumpression; ncrests blank holder prosure

i} High blard: holder pressare and high frictlon; Reduce blamle holder presare and apphy lobriesnt
(¢l High temparstire ing i in i ferentinl length; Apply v:nu_l.ln.tmbhnk

ey Buckling dis b eircumirantial esmpression; decrense blank holdur jressure

The: figure shows an incomplete schematic of @ eonvantinnal lathe 1o e wend for cuteing threads with
dilferant phtehes, The spaed gear box 17, is shown and the feed gear boax T, s to be placed. P, Q, Rand &
demate locitiona &rd have no other signifzance. Changss m T, sheuld NOT affect the pitch of the

Spiedie
7 Wark Eil.'ur.
Sl U R Bt Bt
B
= ? —Cnring ool
E p—-—l-ES'-" Lead scrow

The enrrect panaeeions and the correct placesmant of T are given by
1) 4 and E are oarected. 1, s placed belween I ol G-

51 8 and E are mnnmd.ul:i-:phmﬂ between Boansd B

e} i and E are connected. U1 is placed between G and E.

ta) 2 and E ore conmnentad. 'EI in pincad between 5 and E

cial one. This might

i}
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o0, A displacement cenaor ia dind ndloacor) menseres the lateral dispiace ImARES
the taper hole inside o drill apindle. The sandral awis s an vtension Mlm ml::;:::::pcr}m]:m
and the protruding portion of the mandrael sarfaee is perfeecly eplivdsizl. messuzements are laken
with Lhe semsor placed at two pogitiomd Foard § a8 showm in the figuwes. The veadinge are reconded as
R = maximam deflection minas minimum deflection, cerrespanding to sensor position at X, over ooe
Totation.

drill table  §
T.f.-"?_."'."l?-jf.-'.-"f

R, = B =0, which o af the fellowing wowld he consistent with the chaervation?

fwl The drill spindle rotational aos is coansident with the Al spindle wper hole axis
15) Tha drill spindle votationad agis bndorsects the drill epindle taper hale axia at peint P
je) The drill spindle rotational axiz 15 pazallel t the drill spandie bpsr bole iz

«of] The drill spirdle rotationsl axis intersects the dnll spindle taper i aons at point

Comman Datn Questions:

Coremon Data for Questions 71, 72 and T3

I the figure shuwn, the system 18 & pure substance kcrpt in a piston-cylinder arrangesaent, The systes 16
initially a twe-phase mixtire containing 1 kg of liquid and {103 kg of vapeur at @ pressare of 100 EFa.
Initially, the piston resls on a setof slops, as Showm in the figure, & prossars of 20 kFa s required to eaealy
balance the weight of the pistar and the vul=ide aomospheric pressre. eat, tranaber tzkes plack into the
system until its vohime increases by % Heat transher 15 the system cepars in such & nsanner that the
plator, when allowed o move, do=sao in 2 vory slow [quasi-static | quasi-equilibeim) process. The thaamal
reservalr From wihich heat is tranalareed to the gystem has a lemperacors of #iF. Avetage bemperature of
thie systeen boundary can be talen 2s E75°C. Tha heat tranafer to the syekesn i5 1 k1, during which it= eptropy
Inerenses by 10 FH.

Specifie velume of liquid (v and vapour (v phiases, ag well as valuen of saturation lemperabans, ore given
In the table below.

Pressure (kf'a) Saturaticn tamperatire, T, ()  vjimkgl I
o 100 [XC 0.1
prs w0 00018 DK
ce of information. This is not an

This might be
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21, At the =nd afthe progess. which ane of the follesng wtuetions will be broe™
1) auperhented vigur will be beft in the systen
Ty o wapmar will be el in the myslem
b & liquid + vapour shulure will b2 bft in the syetam
{1 the mietese witl sxiat ot a dry ssturate vapour stats

4 The wark done by the system during the proceed i@

1) 0.0 &d (61 03 kd
el 03k (efh 0.4 k)
73. The net entropy genesstion lcorsidenmg the system and the thermal reseevoir togethar) during the
privss is chosssd o &
Ll TS (b1 774K
el & 6K dl 1WIE

Comason Data for Questions T4 and 76
Coersider the Linear Programme (LF]
Bl 4 + fiy

sulmect b

+rBrag

2 r3y <8

x,y=0

94. After introducing siaek varishles 5 and &, Ure inital basic Frasible scluliun i3 reprasented by the takls
Pekerw {bagic wariables are & = & nnd t = 6, and the oljective fonctan value is ).

1 4] -e ] o] ¢ | ¢

] i ] 1 1] B

o T 0| 1 '
N a | & |

Mdter porne sinplex iterotions, the ilowing tabls s cbtained

_‘{-u [ (HE 12
[« | s |0 HECDE
e ar a0 | 1 |2

-|_" Ll 4 t THE
From chis, oee can conchede thet

il the LP bae & uniqoe optimad salntion

by the LP has am optimal ssjutsan that ks not unbgue

1 e LP is infenmibie

id) tho LE la unkaoanded

2 piece of information. This is not an official one. This might be
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T6. The dwal or tho LP in Q74 i

i) Plin g+ G 1By Max &y 4 6w
subiret ta subjest 1o
B+ dvzg o+ Brsd
Ta+dvaE el d
u, vl [FRLTRY

(e} Mix du + &v i Min dw + B
sulifect ta sabries
Ju+2vz6 du s v s d
M+ Dy s v i
ozl uwzl

Linked Answrer Questions: G.76 to QAL carry two marks each.

Statement for Linked Answer Questions 76 and 75

A ylincrscal container of radius B = 1 m, wall thickness 1 mm is flled with water up to 2 depth of 2 m samd
suspended along its wpper rim. The density of water is 1000 ky'm? snd 2¢celeration dus g0 pravity is 10 mis®.
Toe self-weight of the eylinder is negligtnle. The formubs for hoop stress 16 s tiin-walled eplinder can be vand
ad all poinds alang the height of the gplindrical tentainer.

T8 The axial and circumfersntial stresa (o, €, experienced by the evlinder wall at mid-depih
11 = as shown) ore -
[a) (10, M) MPa
(=} (L0, 5) MPa
7. I the Vungs modules and Prisson’s ratho of the cantainer material are 100 G and 0.3, respectively,
the axin] strain in the cylinder wall at mid-depth is

i % 1 by B30t
) Tl ) 1.2 = 107

{6y {5, 10) MPa
) (6, 5 MFPa

pne. This might
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Etaterment for Linked Answer Questions 78 and 73
A sten har ol 10 = 50 mm is antleverad with teo M 1% halts (P and Q) bo support o static load of 4 &M ag
ahores im the hguire.

107 4l 1 1.¥m |
—-— =y Ef
—.‘_:J—L_,l"_\-\.f
% 1{:' g I)
T e 3
¢ 8] T_
] |
AkM
TR The primary and secondary shear Inads on bolt B sinpetively, are
{ad 2 kM, 20 kN by IO KH, 2 kN
el 30 kM. O kN (d) RN, 20 KN
70, The resaltant shear stress an Lbedt 2 s closest to
fz) 152 MFPa il 169 MFa
e} iT8 MPa [f] 155 MPa

Statement for Linked Answer @uestions B and 812
Tha gap betoesn 2 moving ciroular plate snd o statioeary surface is being continacusly reduced, s the
cireular plate comes duwn 8% & wicfonm speed ¥ dowards the stalionacy botom surface, as shoam in the

figurs, I the proeass, the foid cantained bebwesn U Lwo plates flows out radially. The fuid i asaumed to
be inenmpressible and inviscid.

—— #— Moving
—— ___,circular pleate:
) T ol
3 | :
*. i A
VT TTRTTT IR,
Slalicnary
surface
Bl The radial velocity v at any eadius £, when the gap width is b, is
y
l;nf-\'I:Er Lhi v;%
o) v, a EAE LT
T

() v, =

BL.  The rudial component of the Muid acceleration ot v = B is

. aviR ViR
fal “an? LY e
V'R 2

@ LF @ VR

dii?

cial one. This might

i}
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seatenvent for Litked Answer Questions 82 and 83

(irthngnmal torming is performed oo a oy lindrical workpioee with shear strangth of 250 MTa i
canditions are used! sstting velocity ls 180 mimin. feed is 0.20 ey, dmm!ut! cut i 3 m.'ﬂ? thuwr'
rotis = 0.6 The srthagonal raka angle is . Apply Merchoet's theary far amalysis

Bz The shear planc angle {im degrees) and the shear fores respeetively are

tal 52 30N by 57,400 M

(e} 23 ;400N e} B ETRON
BE. Tho eutting and frictional forees, reapectively, are

iah SEEN FHTN by BERTY . 3E1N

foh 440N B4R N oy GO0MN ;JBEN

Statement far Linked Answer Questions 34 and 55

I tha fred drive of 3 Point-to-Point open g CHC drive, a stepper motor retating st 200 stepalrev drives
o iable thrangh & gesr box and load serew-nul machanism (patch = d mm, number of starts = 11 The gear

(ot " 1
FRED = M—G‘l‘;—sﬁ ig giver by U =, The steppar motar (Soven By veltage puiss from a
Input potatiennl speed 4

pulse generatur] exocates L stepintles of the pulse generaior Th frequency ol the pulss train from the pulas
generatur is [= 1,2H) pulses per minwte,

ey f r—ﬁ_‘.:s— L Tzhlz ]
== UL | Seepper e LR e I =
- "E—L I- = Ers I LNul ‘\‘Lﬂﬂ =
el | e st

4. The kasic Length Ulnit (BLLY, ie., the table muvement curresponding to 1 pulse of the pulse
mnaratar, i
1) 05 mberiis ik 5 micrens
{2) 50 microns o) GO0 mscrons

H5. A customer insisks on & podiflcation to change the BLU of thee CHE driva to L0 prierons without changiog
tha tahle speed. The modification an b assneplished by

T
{zh changing U & % and reducing Fta &
8 ehanging U to % and increasivg T to 20

o) changing U o % and keeping f unchanged

i} heeping 1 unchanged and incressing T 20

cial one. This might

i}
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cial one. This

ANSWERS
1. 0=l 2 (b i 4. fml & ey & d) T 0dh 8, [} o thy 10, )
e 1EGh 1EaE LA S0d)  1E(sE 1Tde 163 1T 2000
21, e BRiE) BLGE DGl 280 BE (D TR B () Edm 80w
31, @) SR 3% jub O, D A% 0k dedel  ATM A, (7 M) A 0T
&1 (hy 4201 FE TS 45, (%} 4k 1hY AT.iol ELIErIE | L1 R
8L ) BE 2l &3.0h) G4 1B) BE. (Y BEdy  FT.0e) BBl BRGItH o Big)
B, 1) BRI B8, 1hy  H4.(*) BB, (™  BE [0 @708 RETT EBod) Tile)
ALY TAM 73441 T4.(B) TE. el TE.M TTOal TH{er TALGR) BO(T)
a1 B 8L Bl BS. (a)
EXPLANATIONS
1. Taylor seies cxpansion of ) ahous a is given by
- w—al
Mx) = fal+ l:l_—,u M+ %f"\ﬂ.:f-----
' {mb
Coplficiant of (x -2 is T'
Wow Ax) = &
L] sl =t
= Fia) = et
£t e
Hovew for a = 2, 7]
2. #+3x=0
a (IF&dix=l
Fl 2 ) =0
Sl T R
Blaw CF iz given by, T, L +y L
i m?+3 =1
= moa =il
Honee the salutioe is  ©O.F -« Bl
: = -
e ["'_,I t-ﬁl_.d:-. o 143
But Al =1 Y T |
i xlad s idT 0,00 i fag, i
- %0 =40 [ ;,

might
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[Jsing HB peacil, darken the appregiriate highble wed 3 2
Tetters corraspending ta your paper code, e digTt ol your pegistration number and the

All the questions in this question paper arg el ohieetive by

Graegtions must be answared vn Obiective Respongs §hest (DBRS: I A .

- N b 1 by darkening the approgrists hubbie
frearked A, B, C. Db using R pencl againet the question nmber om the left hand aldi af U ORS
Each question bas anly ane eoerect answar, In ram you wish o change an answer, srose the old
answer sompletely. Mare than ane anawer busbled Agtinsl & guestion &4l be treated nna WTORLE ANAWRE.

Questions 1 through 30 are I-mark questions and questions 21 thraagh 85 are 2-mark questEans.

Questivna 11 through 73 is one sel of common dota qaestions, questicns 74 ond 75 i another podr of
conmmon date questions, The questic pairs (76, TTH (T8, T8), (50, 81), (A2, B3) and (84, 45 are quastions
with linked angwera. The anawer ta the second guatian of the above pairg will depend on the answer o
the frst question of the pair I the first questisn in the Erked pair is wrongly arewersd or i on-
attempted, then the answer to the seond goestion in the pair will oot be evaluated.

Un-nttempted guestions will carry zere marks.

MEGATIVE MARBING: For Q.1 ta G20, 025 mark will be deducted for gach wrong answer
For ©.21 to @75, 0.5 mark will ke dedusted fur sach wiung answer. For the pairs of qaestions with
Tk ed snswers, thers will be nagative marks unly for wrong answr to the frst guesticn, L.e; for G 76,
@Th Q.80 {62 and G894, 0.5 mark will be deducted for ¢ach wrnng nnswer. Thers is po negative
marling far @77, G789, QAL QB3 and Q.86

Calculator witheut data eonnectivity is ailowad in the sxamination hall

Charts, graph shests and tables are NOT allowed in the examinatian ball.

Fiarugh wak can be dorse on the question paper itsell Additional blonk pages are given at the wnd of the
quastion paper Lo rough work.
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1- (10 eacih.
1. In the Taylor series sxpanson of it about % = 2, the coplfiriend of {x - 2T is
o
a1 ¥ iy Ty
A &
B

el £

2. Qiven that € 3 =0, and 2105 = 1, %00 = 0, whst ia w1

2] - 28 ii._] 016
fcs U.16 I} Dl
i 1}5'—3 .
2 T}lrﬂ|ﬂﬁf=25 o T
s A 1
= ) % -] T

¥l

4 A codn s tessed 4 Hemes, What is the protability of getting heads exoctly 3 times?

a8
fal — 1] F
3
el 4] Iy
12 4]
B. Thematrx |3 0 8| has ono sigenvaloe equal to 3. The sum of the other oo cigemmlues is
itp
fal p ik p-1
e} p-1 iy -4

€ The divergenes of the vector field (x = ¥) | +(y=x) § +lxsy e zh ki

led 41 1) 1
1) 2 wh 3
. The transverse shear sirags acting in o beam of rectangular cross-eeetion, suljected to o tranaverse
ithetar dboad, is
la} varably with maximum at the hotton of the beam
(k] warwbie with maximom st Hee o of the beam
ich uniform
fd) variable with maoimam of the neutral axis

pne. This might be
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& .ﬁ.p}dol'lmuil.lhdd.ilnﬂ.u'D'ilsubjqumlmm|hmrlwﬂ:nrwm" ing 16 et b

In.

1.

1x

racidlace the resalting change in diamatep?
fu) Yeane's meduius ih) Shear modulua
(el Foigson’s Tatio 1d) Both ¥oung's medulus and shear modulun

A straight rod of dength Lith, hinged st one end ond freely extangibls a1 the other end, Fotatas thrigh
on angle Bt aboue the hinge. AL tien t, L = §om, it = 1 més, 4t — % ¥ad und D) < L radis,
The magnitirde of the vwelooty ot the other end of the red ju

w1 ms 1hy JT ms

i 1 mie 1) 2 s

A cantilever type gate hinged at G 18 shown in the figurs. ¥ amd B ace the centars of gravity of the
cantilever part and the counterweight respectively The mass of the custilever partis 75 log, The mazs
of the coanterweight, for stats balanee, is

) T5 ke -
L 150 kg L] bl i ____———-:‘_'_"
le} 225 ke ~ ’i'___j

[} 300 kg 4

nam 20m
A plisar mechanism has B [k and 10 rotary joints. The rarbir of degrees of freedom of the mechasism,
weimg Girawbier's criterion, is
) 0 w1
ich 2 tdl 3

An nxind residual corpressive stress due o o manufactaring proces i3 present an tne puser surfoce of
a rotating shsft subjected to bopding. Linder o given bending load, e fatiguee 1y of the shoft in the
presence of the residisal compressive stress i

tal decressml

(&} increased or decreased, depending en the external benduyg lood

el neither decreased nor incresssd

i) incrensed

2 miles of expgen are mived ndinbutically with another 2 moles of crygen in midsng chamber, sn that
the foul total pressare and temperasare of the mixbere become same 28 those of the individual
romEtituenis ot their imitial states. The ariversal gad constamt is gieen ns B Tha chang in entopy dun
0 mizxing, per mele of oxygen, is gean by

@} <K InZ bk 0

] Blm2 {dh Rind

T flow of (il over o heated plate, the fellowing fluid propertics are knowa
Vigéumity - D001 Pa2 | Fueeific hisat nb conatiant presisee = kg K
thermal ennductivity = 1 Wim k.

The hydradynamic bosndary leyer thickness at# specififl kaasion en the plateis L m
hoardnry layer thickaoss at the same locatin i

. The thermoal

b QU0 mm b 0401 mm
el Lmm () 2000 mm
pf information. This is not an cial one. This might

i}
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15, For the conlinaity pyuation given by yatr w0 b be valid, where i i thow welooiby ymctor, which ona of

the fllgwing e o noeEs0Ty eonditinn?
in) stoady o
=1 ipreinod P

by rrataticnal fow
1y imenmgrsgible flow

16, Whieh ona ol the lollkewiag i HOT & necessary 55UMEPRIR Zor the aie-stamdard Otk ovcle®
i) All processes wed batls internally an will as snternally seversible.
ibb Intake and exhauat propesses arw topstant wolyme beal repelion procedies,
Joi The sombustian prooss is a eenstant volume heot addition provess.
(% The working Cluid & am idel gas with consbant specific heata,

17, [nap MM quewing ayster, the namsber of arrivais in am mtervel of kngth T e e Prisson rasdon

u"}"r-fl'f":n“'

varable fie e proability of there being o arrivals in an interval of leogth T s

The probebility density function it} of the icter-arrival tome ia giver by

2
[ | . oett
fal W ir“] & S
o
ich het W —
S

18, ﬁmﬁ‘sjuhiauhﬁmmdanuinghu»dm.ﬁ:mm:ingmu[mdua;ugimmmubh
belrw, The holding cost Bar eack: job iz Ba. K per day.

dob Processing
time

P 5

Q 5|

i e

4 3

T v 1 |
A schediie that ménimizes the total inventory cost i
iz} TEG-E-P il P-H-5-Q-T
il TR-E-Q-P iy PagR-5T

19 For penersting » Coom's surface we require
txh o et oof grid points on the gorfsce ('t @ set of grid sontrol points
i) for hnunding curers defining the surface () two boaniding curves and  setof grid eoptrel points

20 Internal gear culling speralice cak b porformed by

tup milking 161 shaping with rack cutter
fed shaping with panion catier 1} hobbing
r a4 piece of information. This is not an pne. This might
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Q.24 to £.75 onrry twio murks each,

#1. Conslder the shaded tnangular regan ¥ shoees io Dhi Bpuse What is Ij.udmdp ¥

1
il = ki
] 5
2
g ’
£} % i «\1-..-,.:;.-_;..-:. . Z
-
i} 1 = .

22, The directicnal derivative of the scalar function e, ¥, 2) =5 + 3% - g st the peint P =11, 1, I} the
Hiveetion of the weclér &=30 - 4 is

{a) =4 15 -2
[e) =1 ddh 1
£3. For what value of s, if acy, will the following system of equations in @ ¥ and 3 have a slution
x4 3y =4
xey+u=d
: Etdy—E=a
{eh Ay real nureber By 0
teh 1 () There is ne such vabaa

4, Which of the fallowmg integrals is nnboended?

] _—

mh Ilzm.td: (b} J;::’-rl
- 1y

o for i} ll—_;"—"
]

g
. mm§::m wralunted arvand the unst cirele an the complen plane for fe) = == &
ok 2w ) 4mi
e =gzl ) 9
B8, The bength of the carve ¥ = %!l ertwaan x = ard x = 1 s

o) 027 [
ey 1 fdy 102

pne. This might be
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[ ¥ i i
7. T elgesviztors ¢f the malriz L"J' 2] are wrilten ia the frm L] A b . Whatiza+ b7

1
fai 0l {1} -:]-.

ok & o 2

5
28, latf=y Whatis Exn.;- atx=2y=17

faj A k) Ink
1
=1 T il =
249, Ttls giwen that ¥ + 2y =y =0, 300 = b= 0 Wiae s w08 T
faxh 0 &l DAl
=] nE2 d; 113

%0, The stenin energy stored inthe heam with Rexsrad nigidity FL and haded as shown in the Ggame is

P
o g

P P
i8) E;F I-Ii—{;—« 2L—-i— Lj
ogp .

[y
i) 3B
81, For the component lnaded with a farce F as shown in the Bgure, the aaial stress at the rner poink Fis
ORANARARY
F1al-1x) I
(1. 1 Wl PP
" T 1 I P F
]
. FiaL= L [ Y Y
iy TBLeb) t-L-b
+h | ! I
o DL £y Lo |
w ——L—
( F3L+ I |' 2h
n? [
b
4 piece of information. This is not an official one. This might be
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= Aol civcubar sheft of dinmeter 100 i L3 ubfegted to e

b2 4 Larua of 10 kNom, axia | sirese of 30 MPa. 1t s farther mubjeeted

The muimiam pringpal atriss ssperienced on the ghaft m Gt b
k41 MFPa &7 A% MPa

ir} 15 MFa i) 304 MPa

4z, Acivcular disk of radraa B rolis withmst alippin
F it Szurel is

fa) 3w

by 3w
fe) w2

1l & 3

B A% a vadoeiby v The mogmitude of the valoeity at peint

oy
24, Conalder o truss PQR loaded at P with a foree F os shown in the figare.
The tamezon in the member @E =

I2) D5 F

1h) MEdF

lel BYIF 0
) DATF ,;H

5. The natural frequency of the spring e spater shawn in the fgure ie closest to
ir) 8 He

m=1.4 kg
ik} 10 Hz D M—E
ey 12z j %, = 1600 Wim F
() 14 Hz K, = 000 Him

36, The rod PG af length L and with ferural pgidity Bl is ninged &t both encs. Far what mimimums farce

Fin it expeched to uckls? i

pne. This might be
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40.

41.

44,
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) . s h v
I 1 ey alesgim. thi Tise Motine: 18 FIVEn by simply harmane motios {EHM s = Ei.l i ﬂ-] where

1+ i dutal riss, 0 s cnmabalt angle, 0o e totad angle of the vise Intervs], The jerk is given by

= =h {8
2l %[1 _m._'i]E] 13 F?I.MI,F]

1 " P
@ i) @ - 55d3)

ength L= | m is binged at s centrs ané Interally supported
k = 300 Pfm. The rature] freguency w, it radis is

by 20

ia) 40

A wmiferm Tigid rod of mass m = L kg and
at ore end by 2 spring of spring comEtant
dab 10

ier M

A comprosuan sEring is made of Toumie wire of 2 mm diametsr Baving o shear steangth apd shiear
modules of B MEs and BE GFa respectively, The mean ool diameter is 3 wm, Fran hepgth is 40 mm
and e namber of ective cnls s 10, B the mesn ewil diarneter is Tedisted to 10 mm, the stiffess of the
apring is approxmatoly

ta}h decreased by B imes
(¢l inereased by ¥ vmes
A journal bearing has shaft diameter of 40 mm and a lengih of 40 mm, The shall @5 Totaking 8t
200 radis and the wigcosity of the lukrizant is 20 mPe.5. The chearance 3 0,020 mm. The boss of torque dae
o Ui wipcosity of the Jubricant is epprowimately

fa} 0.040 Nm 161 DLEAE Men

ik 0408 Nm {d) 0652 Mm

(b} decreased by I times
() ineremsed by B Hmées

A shuteh has cuter pnd inner diamaters 100 mm and 40 mm respectively. Assaming 2 wniform pressure
of 2 MPa and coefficient of Friction of liner material 0.4, the wergque rrang capacity of the claweh is
lah 148 Nm (B 1496 Nm

ey 372 M ik 420 Nm

& spier gear hos @ medule of 3 mm, number of teeth 16, a face width of 36 mm and 3 pressume angle

oF B, [t is Lransmitthng i pawer of 3 £ al 20 vewls. Taking a veloeity Factor of 1.5, and a form fatzer
of 03, the stress in the gear Looth i about

f] 32 MFa (B 46 MPa
fcl 58 MPa fd) T MPa
Mateh tha tyge of gears with their mest appropriate descnption.
Thpe of gear !.l'ra-::pnuk
i Helical 1| Axpa nin paralie] and noo interasctan
G| Spiral PBovel 2] Axes paralicl and teeth are inelined to the axis —
It | Hypead 1| Axes parallel and teeth ase paralbel to the szis
5| Rack apid FZ'_'!'L"1 4| Axes are perpendicular and intorsscting, and teeth are inchined to the axis
5] Ases are porpendicullar and wsed for larpe speed reduction
| J__ if‘ﬂl'i‘ﬂanﬂ ane of Ehe pears has infinite radiaa
tal P -4 R-1 56 T H:TTF'-]. Q_-'I._R L= .
ter B -6, Rea, e it P, 3, Bl 55
pf information. This is not an

pne. This might be
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44, Agas expnnda in & frivtiarlwes piston crlinder arrangement. The expansicn proceas i vary alo, and in
resisted by an & bigit prassore of 100 kPa. Diring the expansion process, the prosmure af h.ﬂ’ilﬂl
(grsh remaing sihElant gl 360 kPs. The changes in volome of the B i 000w The maximars sk
of worlt that could be utidized from the above process is

a1 ] Gl LT
iz 2kt fa) 3k

45, The logarithes mean temperature difference (LMTT of o counterflow heat sxchanger s 2090,
The: znid fluid enfers at 20°C and the hot Moid enkers st 10070, Maas Moo rate of the cobd floid is bwice
that of the hot fiwid Specific heat 21 constant pressure of the hob faid s twice thet of Dhe eold Dud
The #xit temmparatars of the anbd floid

gl g 400 (B ia BOP
ley is B0 At earaned b determined

i A two dimenssonal fluid element rotates like 2 nigid body At s point within the slement, the pressume is
1 uinit. Radfus of the Mohr's vircks, charaslorsing the #3de of sirass ot that poind, is
=1 0.5 unis bl 0 anil
) 1iandk (a2 wnit

AT, A eyelie devies aperates between thres thermal reservolre, o shown in the figiree, Hest @ transferred
tovForm the evelie dewies Tt is nssumed that heat transfer between each theemal reservoir and the cvelic

dewice takes place acruss negligibls tempeeature difference. Interactions between the cyclic devics ani
the respective thermal reservoirs that are shown in the Agure are el in the form of heat transfer,

[\iﬂl:lﬂ K? 500 K 300 K

oGl kb

The evelic deviee can ke
Iz} & reversible hoar ongine
(6] & reversible heal pamp or a reversibile refrigerator
iz} an jyreversible heat engine
{d} an irrewersible hieat pamp or a0 rreversible refrgeratr
4, & balleon coptaining nn ieal g & imetiolly kapt in an evscanted and insalsted poom. The bafloon
rupiares and the pas flls wp the entirs reom. Which ene of the fllowing statements ks TRUE at the ond

of abave proceas? .
i8] The internal eoengy of the gas decresses from it initial valae, bat the enthalpy Temuing censtant

(41 The internal energy of the gas increassa from its instial valis, It the snthalpy emains copstant
iet Hoth internal energy and cnthalpy of the gus remadn cestant
i) Both internal energy and cothalpy of the gas increass

1]
m
[ n]
[
o
=]
H
0
H
=
1]
T
e
[u]
=
eei
o
[

I
H
]
=]
u}
T
1]
=]

a4 pie

pne. This might be
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