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MECHANICAL ENGINEERING

ffiTffi$fiffitr

(t) This paper is divided into tttto Sections, Section-A and Section-B.

i yrccd a Eidt i fuTrf$d t, <is-n *t ris-e t

(n) Each Section contains eight questions.

y+s ds t sn6 vsl tl
(iiil A candidate has to attempt twelve questions.

rr+ qts{rrf a1 Erc lvjt ql gtr ftsfl tt
(iu) Question Nos. I and 9 are compulsory ald out of the remaining, any

ten are to be attempted choosing five from each Section.

ycq {iqr r *t s 3rFHr4 i *t is wfr t t frnd Ee 6,I sf,{ fus{r t, e+s Eis

tqi'q-ci'qffi$56554f 1

(u) Question Nos. 1 and 9 consist of Ttue parts each. Each part will be of
6 marks. Word limit will be l5O (in relevant subjects only).

. Ir-q +iqr r Sr s* cts-c+q r+pr ir jr&s qrrr +fus o eis i+ilftil tt qr< {isl
lsonir Sfrd i (:Tl" €q< ftue1 ;11,

(u) Remaining questions will be of 14 marks each.

iq ysc r+ ei.St * qfr ver fit

I Maximum Marks : 2OO

I3Tfu6-dc 3it6: 2oo

. Time : 3 hours ]

'J **,.r41

Instructlons ( ftfu) :
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1.

SECTION_A

ETg-A

Answer the following questions :

f+cfufua yrii+ rn 4ftq,

6x 5:30

(a) T}re pilot of an aeroplane flying horizontally at a height of 2OOOm with a
constant speed of 540 km/hour wishes to hit a target on the ground. At
what distance from the target should he release the bomb in order to hit
the target? At what angle would be target appear to him from that
distance?

540 km/hourfi'Ifr i zooo mffq{ *ft-qsctEs}qreq+WNq6rqr+ft
qfr w Rm q* eF vt vER isur qr{dr 1, 

"qq 
qr YER s{+ fu vt <+ +1 aqq t ft rdff

<t vr Cn *.€r qG+? s{ (t i s+ ee t+-d} qilq c{ ftFr$ tfl?

/bJ Derive an expression for shear strain enerry relation with principle stress.

5g qid{d (principle stress) * {Ilel oltrsaM ffi s-cf (shear strain energz)

+ {ifu + fuq 3Tfudiss Bdrd ff&ql

1cl During an electric discharge drilling of a 1O mm square hole in a low
carbon steel plate of 5 mm thickness, brass tool and kerosene are used.
The resistance and the capacitance in the relaxation circuit are 50O
ald lOpF respectively. The supply voltage is 2O0 volts and the gap is
maintained at such a value that the discharge (sparking) takes place at
150 volts. Estimate the time required to complete the drilling
operation.

s mm *zr$ qrd + srdq etd +c ii ro -* qrl fuq (square hole) E&Fa6 BErd
Sd,i * f,nn, ere <o qi i*fu q 3q+rr Fri qrt t r tffisc stk i yftfu (re sistance)

qd qrkdr (capacitance) ]5rI{I: 50o sTk rountt qr{T{ ffi 200 +c? i aqr ic
*l vs d{E ff +qvt {sr qrdr t ftis$ fu M (srBn) 1 so *€ q{ tdr t r Fmq
3rfr\rc Wl A+ + ftS 31rq{qrs srrr *l an+-sq fffuqr

(d) What is the crystal structure of Barium? If the atomic volume is equal to
39'24 cmo /mole, then determine its linear density of atoms along the
plane (ttO) direction.

Aftqc ff frsd its-{r Hr i? qR c{cIE 3Tr+a-+ 39.24 crr,3 /not" * q{qr i irE

srfrd (r 10) fun il vq+ c{$Wit ff tfuq qq-{dr 6r fuitrur fiftqr

2
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(el Using a horizontal axis surface grinder a flat surface of C65 steel of size
1O0 mmx20Omm is to be ground. The grinding wheel used is 25Omm in
diameter with a thickness of 20 mm. Calculate the grinding time required.
Assume a table speed of 1O m/min and wheel speed of 20 m/s.

Effi{a \fus st+{ fiis{ EI n+q il+ 1 00 mm x 2oo mm sric * c65 6d +
6cq{hs 4t {ris f*-qr qr+ tt }9ffi qrifur €d 250 mm qrq sEd 20 mm trzr$
qr i t :rclq+ urEBrr zeq ff rrunl fiftq r c'H dftC tq-m ds r o m7 min .*r €-d
ffis zo m7s tr

2. (a) A belt 1O0 mm wide and 8'O mm thick is transmitting power at a belt
speed of 16O0 m/min. The angle of lap for the smaller pulley is 165' ald
the coeilicient of friction is 0'3. The maximum permissible stress in the
belt is 2 MN/m2 and the mass of the belt is 0'9 kg. Find the power
transmitted and the initial tension in the belt. Find the maximum power
that can be transmitted and the corresponding belt speed.

loo mm *Et Sq e'o mm *a *e 16oo m/min fi *e de qt qrqt 6r iqur 6{
rO t t *6 qS * fti iq ur *1q 1 65' t 3it q{q 

JuIF6 (coetficient or friction) 0.3

tt te i 3Tks-dc a-{is vko-d 2 MN/m2 i aer A-€ fi lqqn (mass) 0.e ke tl
iqur fsqr rqr qrqr derT Aae fr yrfu6 a-++ tn fifrqr s{Ds-dc clE{ S fs }sq fsqr
qr s+ dQn ridfud +-c ffis 5p6 fifrqr

/bJ What must be the length of a 5 mm diameter aluminium wire so that it
can be twisted through 1 complete revolution without exceeding a shear
of 42N/mm2. Take G= 27 N/mm2.

5 mm drRT sre \rgfrhqc qtq{ ff ff frF-d-fr afr qrRs ftrs$ fu Ef r swl
qut{ (revolutionl,42N/mrrl2 } 3lqsqur (shear) i :rfu* c A, + 3iil,ld tdl
(twisted) fril q1 q*1 crq dftS G=27N/mrrrr2.

3. (a) A point is subjected to a tensile stress of 250 MPa in the horizontal
direction and another tensile stress of 1OO MPa in the vertical direction.
The point is also subjected to a simple shear stress of 25 MPa, such that
when it is associated with the major tensile stress, it tends to rotate the
element in the clockwise direction. What is the magnitude of t}le normal
and shear stresses on a section inclined at an angle of 20" with the
major tensile stress? 9

qs fd-{ eFd-q fqrn ii zso up" * a-c{ yftr{d (tensile stress) + 3T*{ t aqr Wn
sqiq{ ftFn fr roo up. t a-+c vft-{d * utlq 31 ftg zs uea } srqnq amsqur

vfuq€ (simple shear stress) + 3T$c $ t, ye yfi{ fs we VS sgu ilfi sfr{d
(major tensile stress) * uH rivq f+qr qrm t, Td ild *1 qlfign-+d fuIr fr R'i{ d+
*) r{t 6rf,t tt vgs d-{q vFfi-d + rIPr 20" * +1ur c{ 3Tr+d Eq EItrs q{

IIFfl-eI (normal) yPd-se 3fu e+tsqur yfu{d (shear stress) st cftcM (magnitude)

fud-{rt?
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lrbl A steel cantilever beam of 6 m long carries 2 points loads 15 kN at the free
end and 25 kN at the distance of 2'5 m from the free end. Determine the
slope at free end and also deflection at free end. f = 1.3x 108 mma
and E = 2x 1Os N/mm2.

o m cier \rs {&d ffid{ mq A fuge} urc+ta qlm t, gm ft\ qr 1s kN den gft
tr\ t z.s - (0 ct 2s kN I gifir frrt c{ Bm qi {Fr E gr ftt vr frfrv (deflection}

fiqtftd ffFT+ r= 1.3x108 mm4 dgT E= 2x1os N/mm2 |

4. (a) A hollow shaft of diameter ratio 3/8 is required to transmit 600 kW at
110 r.p.m. the maximum torque being 2oo/o greater than the mean. The
shear stress is not to exceed 63 MN/m2 and ttre twist in a length of 3 m
not to exceed 1'4 degrees. Determine the diameter of the shaft. Assume
modulus of rigidity for the shaft material as 84 GN/m2.

110 r.p.m. c{ 600 kw}sur*}tfuq s/a qrs a3vrccr&q*ffiflwffv6Td
tfr i, 3rfusdq d'& S f+ qtq (mean) i 20% qEI At 3lqsqur gfrTd (shear stress)

63 MN/m2 t otk* q d nen 3 m ff dsr$ il { (twist) l.a Efi t erE* q ir {nw
* qrq sT ft?rt{ur ffMt {nw iEft{d + fuS Ee_dr 

llrqis (modulus of rigidity)

s+ ctt7m2 * w ii rfiqt

/b/ State the differences between closed and open coil helical springs. 5

*q aqr 3rnq 6i{-d tftrs-d ffis } qq siilii 6r sulq fiftqr

5. (a) h an experiment, a steel specimen of 13 mm diameter was found to
elongate 0'2 mm in a 2OO mm gauge length when it was subjected to a
tensile force of 26.8 kN. If the specimen was tested within the elastic
range, what is the value of Young's modr:lus for the steel specimen?

\rs vftr i r 3 mm * q* *a rS +1 ve et 26.8 kN + Tfi {f, * srfrq fuqr rrqr

eil, 2oo mm i-q *er$ I o.z -- yqfra qtql rot vR r$ m qtqq ysmm cns
(elastic range) + s-d,ld f+qr rrqt a, Rt€ q$ + ftd iirr + gulifi (yor:ng's

modulus) :5I rFn CI;I i?

(b) Draw the line diagram and explain product cycle in manufacturing.

er$q srqrnrc dBS *r ffiq t rors q* * qR { qolr 6frqr

6. (a) T}re turning moment exerted on the crankshaft of the engine is
given by:

I = 10000 + 2000 sin20 - 1800 cos20

where 0 is the crank angle measured from TDC.

MGchanlc.l Eagtnec ag/42A Me



Assuming the load torque to be constant, determine -
liJ the power of the engine when turning at 250 r.p.m.
(iil the moment of inertia of the flywheel if the speed variation from the

mean speed is not to exceed O'2o/o;

(iii) tl:e angular acceleration of the fly'wheel for 0 = 45".

iqc ff .#s{nw q1 6{rql qql ffi frt-e ftq * ura erlqrrqr t,
? = 10000 + 2OO0 sin20 - 180O cos20

s-d e t TDC t crcr rrqr fr* +lort

+s zfi * RR rnt gq, f+rtftd fffrs -
1, {dq ff srh sszFh 250 r.p.m. rR t;
d, wri*d*rwse errryiuRmaqreiqreqffedq o.2%: i erfuqqsa;

fii, wri€dsr61uftqiq{ur o =4s" +ftql

(b) Draw the SFD arrd BMD from the following Iigure :

fu 3Trfft t spo <?dr BMD dfuR :

7. (a) A small project consisting of eight activities has the following
characteristics :

Time-Estimate (in weeksl

Activity Preceding
activity

Most
optimistic
time (a)

Most likely
time (m)

Most
pessimistic

time (b)

A None c 4 72

B None 10 72 26

C A 8 I 10

D A 10 15 20

E A 7 7.5 11

F B,C 9 9 9

G D 3 3.5 7

H E,F,G 5 5 5

5Mechsrdcal Engincering/42A lP.T.O.



(i,f Draw the PERT network for the project.

(iii Prepare the activity schedule for the project.

1iry' Determine the critical path.

(iu) lf a 3o-week deadline is imposed, what is the probability that the
project will be finished within the time limit?

sTra fiFflrdrq1 qr& w ag *+e + ffsr srfueqrq i,
qqq-3nffi{ (sEr6i)

fr'r*s-drq {ffi
6r+s-drc

€-itks
3{xn-dd

€rFI (a)

€-qiks
{qtq

sqq (m)

e-iiks
M
{{q F)

A +ii-S 2 4 72

B +ic-S 10 72 26

C A 8 9 10

D A 10 15 20

E A 7 7.5 11

F B,C 9 9 9

G D 3 3-5 7

H E,F,G 5 5

67 **e*ftepBerHtqnff&qr
fi, *i€ + tdq 6l+d-dlc tqcl (activiry schedule) cqr$l

fii, Sifus (critical path) tFI M{q fffuql

/,u/ qR 30 {Er6 ff k-urEc drtA :r{ A, ii€ qrrq qqiil { Wi A,n t Fsff $ks-dr

wr t?
(b) Copper (FCC) has atomic weight 63'5 g/mol and atomic radius

0'128 nm (1 28 A). Find its density in gram/cc.

6ici (FCC) ii os's g7mo1 clclE trR iTs[ 0 128 nm (1'28 1; c1qlg Aq d-m it
5*ttil tr{€ ii gram/cc t Wn *it

8, (a) A bronze spurn pinion rotating at 6OO r.p.m. drives a cast iron spur gear
at a transmission ratio of 4: 1. The allowable static stresses for the bronze
pinion and cast iron gear are 84 MPa arrd 105 MPa respectively. The pinion
has 16 standard 20" fulI depth involute teeth of module 8 mm. The face
width of both the gears is 90 mm. Find the power that can be transmitted
from the standpoint of strength.

McchrDlcal ErLglorecrlltgl 424
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6o0 r.p.m. c{ 3TrTrtc s{ {6r q6 qmq q ftfi-qc + : t * 7iufuvn }ffi q1 go eT e
3rqrc q tr{{ * qmrdr it Eiq fthqq 3fo 6,r€ 3TH{c + fuS s-Jiq +Sfus yFilq-d

(allowable static stresses) fqYI' a*MPa iTeII 105MPa tl ftfi-fi ii 8rn-
crqs + 16 e-sd 20'Ud irPr Eqqiq{ Eq it fi ffi fi rn-a-q ff
(face width) 90 mm i | {d nfr (power) {kT fifuq ii fs {rcs{ + *dq t {sftd
fiqre+r

(b) E,xpla:n the working principle of electro-magnetic forming. Also explain
its advantage, disadvantage and application.

ftW-€e-ffq {issql (electro-magnetic forming) t *lffi fu<ia +.r qolq fffrqr
qvt enr, tcsm avt wg*,r w $ qotq fffqql

SECTION-B

Elli-B

Answer the following questions :

frqffiayrjiqstt{fuq 
'

9. 6x 5=30

(a] A reversible heat engine receives 30O0 kJ of heat from a constant
temperature source at 650 K. If tlre surroundings is at 295 K, determine -
/i/ the availability of heat energ/;

(iii unavailable heat.

qs itqRld-d Az Eqc 6so K rR qs RR drc +d t 3o0o kJ s6qr ys *r-m t r qR cfttsr
(surroundings) 295 K rR d, m qt 

-
0 ssqr rnqf * Emrdr.

/,i/ fuqrqsqr

(b) Nr at 2O"C, 4Oo/o relative humidity is mixed adiabatically with air at 4O "C,
40% RH in the ratio of 1 kg of former with 2kg of latter (on dry basis).
Find the final condition (hurnidity and enthalpy) of air.

20 "C q{ qrg, 40 'C c{ srg + {IIeI 40% 3Trqftf$ 3Tridr (relative humidity) l"dq sc
t ,nq-q A qtfr t, v6d w i tg * rirr qrq q.r z r<g * rqvn i +oolo RH (gq 31qp q1; 

I

qgff 3ifdq 3rd{qr (3TdilnqrCffi) ilafifrSr

?

I
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Aluminum fins 1.5 cm wide and 10 mm thick are placed on at 2.S cm
diameter tube to dissipate the heat. The tube surface temperature is
170 "C. Ambient temperature is 20 "C. Calculate the heat loss per fin.
Take h= 13OW/m2"C and k= 2OOW/moC for aluminum.

1.s cm *.6 *r ro *m tE qqfu{c frqit qi sqr + s{q * ftq z.s cm atRT ff
qi I{t {qr l].qr it qs i5'r y6q arc 170 "C it qft}n nrq (ambient temperature)
20'C tl Yft fuq sqt Eft (heat loss) ff rrur* fffuqr a: 13ow/m2"C ;1r
k= 2oow /rn"c C.qfr" + ftS dfuqr

Engine oil flows through a 50 mm diameter tube at an average temperature
of 74'7 "C. The flow velocity is 8o cm/s. calculate the average heat transfer
coellicient if the tube wall is maintained at a temperature of 200 "c and
itis2mlong.

147.c + Ssa an qt 50 mm arr€ ff qs i t Ets{ iqq $rqe efm ir ycrE_fu
(flow velocif5z) 8o cmls tl Sra sqr eiapr Uqi+ fi.ruq ffftq qR qq efif, qi
200 "C iTFI ct ETIq {sT 'ndr i 3+{ qd z m dfr tt

A domestic food freezer maintains a temperature of -15.c. The ambient
air is at 3o'c' If the heat leaks into the freezer at a continuous rate of
1'75 kJ/s, what is the least power necessary to pump the heat out
continuously?

Cs +(Es fiqt -1s oc 6r irFrrrFr q-{rq {Eirr ir qft}qft srg 3o"c c{ tr qlq sqr
1.75 kJls ff saq < i fie{ f d-s +ff t, sEcr q+ fttil{ eTE{ ffi + fuq ffi
qRc {rfr (least power) e+effi tz

lo. (a) A turbine operating under steady flow conditions receives steam at the
following state - Pressure 13'8 bar; specific volume 0.143; Internal energr
2590 kJ /kg; velocity 30 m/s. The state of t].e steam leaving t].e turbine is
Pressure 0.35 bar; Specific Volume 4.37; Internal energz 2360 kJ/kg; Velocity
90 m/s. Heat is lost to trre surroundings at the rate of 0.25 kJ/s. ii the rate
of steam flow is o'38 kg/s, tJren what is the power developed by the turbine? 10

onffsfi y-cr6 ws{pn i 6rftd \rs Eii'$q ftq Rrft rR qrc gIF Hiil t _ qrdl 13.8 GrR;

ftfuo.enqfi o'r+e; uiat*wt zsgo kJlkg; +rr 3o m/s rzniq-qttffiqrso,c
ff s*,rtqrs o.ss <n; frft,o sn+ra +.s7; qidfuowi 2s6o k-r/kg; irr 9o m/s I scfi
0.25 kJls ff Et t cftasr i c€ tff tr qR qrq yqn (steam flow) ff R o.se tgl"
d, d alg anr Gmfua vR lpowerl ffi t?

b)

(d)

(e)

Ilrcchanicel Eo,gia.eetto,g | 424



A convergent divergent nozzle receives steam at 7 bar and 20O'C and it
expands isentropically into a space of 3 bar neglecting the inlet velocity.
Calculate the exit area required for a mass flow of 0'1 kg/sec, when the
flow is in equilibrium through all and super saturated with Pyl 3 = C.

qs 3lftqrt JIIR t (convergent divergent) *'a-o z qn slR zoo "c c{ qrc ff vrfr fffr
t dn qr wte *-dtfuE 6 $m ut g< s sR t fiq t 3r;(t qqi@s sc t frqd tfr i t

o.1 kglsec $qeqn IqrE (mass Ilog *ftq 3TEgsftlq fr* (."it area) ff wr+
fiftqsqy-qne$qlE€rqq€rriaipp pyt 3 = c+utq erfr{iqu (super saturated)

€tt

A steam power plant operates with a boiler output of 20 kg/s steam at
2 MPa, 6OO "C. The condenser operates at 5O "C dumping enerry to a
river that has an average temperature of 20 "C. There is one open feed
water heater with extraction from the turbine at 60O kPa and its exit is
saturated liquid. Find the mass flow rate of the extraction flow. If the
river water should not be heated more than 5 "C, how much water should
be pumped from the river to ttre heat exchanger (condenser)?

!trTacqniwie 2 Mpa, 6oo .c {i 20 kgls €{}tket 3rr€ztsrq lfrteqnir
;r0 frsdr *ca mq 2o.c t 6 3fu tilt+r so.c eEiq qr$ c{ sfifr. Hdr tr
600 kpa c{ TqriT t ffdor (extraction) * rllei qs :fiqq fi-g sre dIa t nPIr Essr fi-srs

{@ ffi (saturated liquid) tl ftE6{q }-qrd 6r E-qqlq nBE (t (mass flow rate) ikl
afrerqRrAq-dd s 'c i srfu*.rdafursli, T6f &\d-q{ fflk{) tk{rq'd
.iqfurqtqrqrfrSi

[b/ A convergent divergent adiabatic steam nozzle is supplied v/ith steam at
10 bar and 25O "C. The discharge pressure is 1'2 bar. Assuming that the
nozzle elficiency is 100% and initial velocity of steam is 50 m/s, find the
discharge velocity.

\rtF 3rfusrt 3lcgrt dq (convergent divergent adiabaticl dt ta-o *) ro tar
*r zso "c q{ !ilc (steam) ff 3Tr$ ff qtd it fre-$q <F[ (discharge pressure)

1.2 bar tt ut ent q< fi fue qqfiI 1 oo% t F flFr (steam) sr ydFm & s0 m/s t,
ffiq aq (discharge velocit5r) Vm fffrqt

12. (a) A car weighs 13 kN and has a wheelbase of 2'5 meters. The centre of
gravity of the car is 1'2 m in front of the rear axel and 8O0 mm above the
ground level. The car is having brakes on all four wheels. Ttre coeflicient
of adhesion between the road and the wheels is O'5. If the car is moving
up an incline of angle whose sine is equal to O'1, calculate - 9

(i) load distribution between front and rear axles;

/iil distance at which it can be stopped while going at a speed of
50 km/hour when only rear wheel brakes are used.

(b)

rr. (a)

McchaDlcsl Engtnccrlng/42A lP.r.o.
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t

qs 6R ffi snn 1 3 kN t *t vr*l ffiq z's fi-a i t 6R sr $-€-+-< M (rear)

qrsa * €'Eq 1.2 m t a$ qFa-d n 800 mm ir qn it qnt qteii (wheels) {t *;F

an t r fu drn cFeit * trq 61 3TI{qq U"ns (coeffrcient of adhesion) o'5 t I qR q.R

sc{ ff *i enm *1q ffi qr (sine) 0'1 * errs{ i, qr € tr qfig-m{ 6tcq -
g errrd (front) *{ ftu& lrear; qfilit * qta r+n fumq fioad distribution);

(iil so km/hou. ff r'ts'R M qrrq sq fuS ffi (rear) €e i;r v*rl ftS qre

i, +t { fts qr ff Et i-*r qr q*t

(b) A licm outer diameter steam pipe is covered with 5 cm high temperature

insulation (k = 0'85 W/m "C; ani i cm of low temperature (k = 0'72 W/m 'C)'

The steam is at 5OO 'C arrd ambient air is at 40 "C' Neglecting thermal

resistance of steam and air sides and metal wall, calculate the heat loss

i..- f OOm length of the pipe' Also find temperature drop across the

insulation.

("F 15 cm qrtt qrs srfir dc ltr$q 5 cm sq nrc 5g+{q (k= 0'85 W/m"c) *t
4cm{T ilq (k= o'72w/rn"cl t 3n6rfrF it wu lsteaml 5oo"c ct t *{
,fta.ft 

".tg 
40 "c c{ tl e1q 6l ilftq vldtq qq qq sqnvr urE ffi ff sqsr fie

E< r oo ri t+ qrd qrqc t affi sqr afr fi rrqm 6fcqr ige{" * 3n{tln iTFI

vkT (temperature droP) q n56 fff<{t

13,. (a) A motor body is 360 mm in diameter (outside) xd 24O mm long' Its.surface

i"-p.r.t .. 
"houli 

not exceed 55 oC when dissipating 340 W' Longitudinal

fins of 15mm thickness and 4omm height are proposed' The convection

coefficient is +o W7m2 oC' Determine the number of fins required'

Atmospheric temperature is 30 "C' Thermal conductivit5l = 4O W/m "C'

go +c{ e(A fi qrs (qrtt) 360 mm dPr eisr$ 24o rr,rn}1 55*r 15 m ss "c i
** * 6+ erfte qe frs{q 34o w d t r s 

'n,,, 
ff oln +o " ff fi titffie{-d

k SRTfia ir ri+A Solitr (convection coe{ficient) 4ow lm2 '6 |; vst fuq fi
riqrerftqirurfiBqr qrg{sfrqaq 30"c tl wI=ll?FFilI= 40w/m'c I

(b) The temperature at the inner and outer surfaces of a boiler wall made
' ' up of 20 mm thick steel arrd covered with an insulating material of 5 mm

thickness are 30O'C and 5O oC respectively' If the thermal conductivities

ofsteelandinsulatingmaterialare5Sw/m"Cando.116W/m"C
respectively, determine the rate of flow through the boiler wall'

20 mm frt *€ den 5 mm +.r$ + 3{wrf< r{Afrrr nmq-d fi {fi g$ srqT 6
** + *ot *t erdt Yd c{ (FI srrYl: 3oo "c S{ so "c t I sR fd 3fr{ ruAful

iQftqe ff sqr qFFF-tTE FIfiI: 58 w/m "c stn o' r r o w7 rn "c i' sum{ fiqR S

a-cav-qrtor<wafffrqt

Mecheilcal Engiaeering/42A 10



14. (a) A two-stage, single-acting air compressor compresses atr to 20 bar' The

air enters the LP cylindei at 1 bar atd' 27 "C and leaves it at 4'7 bar' The

airenterstheHPcylinderat4.sbarand2T"C.Ttresizeoft}reLPcylinder
is400mmdiameterandsoommstroke.Thecleararrcevolumeinboth
cylinder is 4"/o ol the respective stroke volume' The compressor runs at

ZbO ,.p.m., taking index of compression and expansion in the two

cylinders as 1'3, estimate -
(i/ the indicated power required to run the compressor;

(iil the heat rejected in the intercooler per minute'

d qtolqrer, qse-dr*{d g rihn srg q)] 20 bari|-.5 tifrfi (compressor) i6{dl tl
LP fuftr€{ t r t.' *t zz "c c{ qq vfu {fr i dsr 4'7 bat qr ds ifi tt Hp

ftRr€{ { 4'5 bar *t 27 "c vt qrg vfu mfr t r lp ftRr<r 6 {riq 4oo mm enl

*t soo mm €|-+ tr tcl fuRa-€fr t 3f,-q-srsr slq-dl (clearance volume) Iiiifu<I

vh =rw qr a7" | 1 *im z oo r. p. m. rR !?til t I frs ft ft i-€fr t {fi -s{ (compressor)

qrsis *t YsR 1'3 et es 3Tlsil{ fffrq -
f, ,iirR * qdri + fts vst qka vrx;

6, vfr ft-{c {tr{-d{ t f{Ea sslT (rejected heat)'

(b) Air in a closed. vessel of fixed volume O'15 m3 exerts pressure of 12 bar at

250'C. If the vessel is cooled so that the pressure falls to 3'5 bar'

determinethefinalpressure,heattrarrsferandchangeofentropy.

0.15 m3 ftrrd 3ilFkr;T (fixed volume) * g{d qn (closed vessel) ii <rg zso "c vi

^12 bar (ttt rrr frq6 6ffi i I qt qr St dsl f{qr wm i ftrsi ft <ttr 3'5 bar iFF

Frrdr t; 3iftc qq, sql 3iil{q 3fu q<iff qffsdq a;6 6frqt

A counterflow double pipe heat exchanger using super heated steam is

used to heat water at the rate of 105O0 kg/hr' The steam enters the

heat exchanger at 180'C and leaves at 130 "C' The iniet and exit

ternperature JJ water are 30 "C and 80 "C respectively lf 
-the 

overall h.eat

transfer coefficient from steam to water is 814 W/m'K, calculate the

heat tralsfer area. What would be the increase in area if the fluid flow

were parallel?

lS. (a)

erfuag r+rq (super heated steam) i6T !?itrr 6{t qre .qs 
sr3-Jzt fr g-{d cric ffc

\'triEr 6I BqA,T 1 0 s oo kgl hr ff <{ t crft 'Id 6d + fu q fr qr qrdr i I tc \rffi+<
I vw lsteam; 180 "C q{ y+{ 6{fr i <efl r so "c c{ dE tfr t I qrff qr eidrtc (i"t.t)

nrn ftrlq (exit) iTFr;6t{t: 3o.c *i so "c tr qR HFI (steam) t qfr m {FI9I 3;qI

eiarq sr+ w/m2xi, sq siarq Q"fiwnrfffqql A-{rdnffiqk€t'ftqRare
YErE (fluid flow) {FtFTiifi rdr A?
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t6. (a)

(b) Energ is received by a 2rn x 2m solar collector whose norma.l is inclined
at 45' to the sun. The enerry loss through the atmosphere is 507o and
the diffuse radiation is 2Ook of direct radiation. Determine 1ri/ the enerry
emitted by the sun and /ii/ emission received per m2 iust outside the
earth's atmosphere.

(.F 2 m x 2 m fr(t q-+€{ ERI vrg g-qt frq-ql cIC-d d ff *{ 45' c{ 3Tt{d il
<tgis-d + 3idrd s-qf ffi sox i S{ frqftd ftfo1q 16i1tr ". radiation) TEIH

frfuivr m 20% tt f+ri{q d fo f,.f C aru rsHa scl der drT* + es s-grisd

*qrttsfrs,i{-c{ytfrw$qt

A vessel of volume 0'04 m3 contains a mixture of saturated water and
steam at a temperature of 25O oC. The mass of the liquid present is 9 kg.
Find the pressure, mass, specilic volume, enthalpy, entropy arld internal
enerry.

o.o+ m3 qrd qir YEI (vessel) i 25o 'C iIFFIFI rR {qu we *t tm lsteam; sr frTq
trileq, q-qqrq e ks*{qirin, qqcn, ftfrrq 3Tr+fr{, qm, giFff s+{ 3ridks

e;qlTrdfffrqt

10 kg of water at 45 "C is heated at a constant pressure of 10 bar until it
becomes superheated vapour at 300 "C. Find the change in volume,
enthalpy, internal energz and entropy.

1 0 kg .iEr 45'c d 1 o bar + str(qrs q{ II{ fuqr qrdr t I sq irs' TE 3oo "c c{ 3rfudR

(b)

slE{ ii c q{d qar 3Tr{f,{ I cfts+{, gm, 3Tiilks s-ql d{ q{ff n6 6frqr

***
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