SECTION - A

This question consists of TWENTY-FIVE sub-questions (1.1 - 1.25) of OME mark
each. For each of these sub-questions, four possible alternatives {4, B, C and O
are given, out of which OMNLY OME is correct. Indicate the correct answer by
darkening the appropriate bubble against the guestion number an the left hand
side of the Objective Response Sheet (ORSY. You may use the answer lhaok
provided for any rough work, if needed.

-

x . 2n .
For x=g,the sum of the series Z[CDSX‘] =cos? x+cost w4+ s
1

(a) = (b) 3 (C) oo (d) 4

(s+1]_2i5 the Laplace transform of

(a) t* (hy £* (cy gt (d) te™ 0=0

= e ia]
If & [x) = I JEoE, then - is:
o

(a) 2x? (b) fx | (c) O (d) 1

The magnitude of the gradi@eot e function 7 =xyz® at [1, a, E]iS:
fay 0 @3 (ch 8 {d})ea

The probability fM@two friends share the same birth-month is;

1 1 1 1
(a) 5 h) el {c) Tag {d}ﬂ

A cas mawiig with uniform acceleration covers 450 m in a § second interval, and
CowErs @l m in the next § second interval, The acceleration of the car is:

B, & s (b 50 m /s~ () 25 m/s (dy 10 m/s°

The buckling load for a column pinned at both ends is 10 kN, If the ends are
fired, the buckling load changes o

(a) 40 kN (b} 2.5 kN (c) 5 kN ()20 k N

The normal stresses at a point are o, =10 MPa and, 7, =2 MPa; the shear stress
at this point is 4 MPa. The maximum principal stress at this point is:
(a) 16 MPa (b} 14 MPa {ch 11 MPa (d) 10 MPa



1.9

1.10

1.11

1.12

1.13

1.14

The ratio of average shear stress to the maximum shear stress in a beam with a
sguare cross-section is:

(a) 1 b) = © 3 ()2

Heat transfer coefficient for free convection in gases, forced convection in fasés
and wvapours, and for boiling water lie, respectively in the ranges of

(a) §- 15,20 - 200 and 3000 - 50,000 W /m 3k,

(b} 20 - 50, 200 - 500 and 50,000 - 107 W/m % .

(cy 50 - 100, 500 - 1000 and 10° - 10°% w/m %,

(d) 20 - 100, 200 - 1000, and a constant 10% w/m %K,

If ¥, and o« are the nozzle exit velocity and nozzle ag@idyin ap impulse turbine,
the optimum blade velocity is given by

Fon COSCE V2
M w {dy N
= 2

{a) V, cos2e (b Vy sin2e [

& Curtis stage, Rateau stage and a 53 resc#on stage in a steam turhine are
examples of -

{a) different types of impulse staghs
{by different types of reaction@lages

{c) a simple impulse stagl,“s veladty compounded impulse stage and reaction
ctage

{dy awelodty compoundedUgdiulse stage, a simple impulse stage and a reaction
stage

The basic load Raling/of a ball bearing is

{a) the rMaximum static radial load that can be applied without causing any
plasticefofn ation of bearing component,

(b aqthekactil load at which 90% of the group of apparently identical bearings
rUdEy one million revolutions before the first evidence of failure,

Eip e maximum radial load that can be applied during operation without any
prastic deform ation of bearing com ponents.

{dy a combination of radial and axial loads that can be applied without any
plastic deform ation.

Decreasing grain size in a polycrystalline m aterial

{a) increases yield strength and corrosion resistance

{by decreases yield strength and corrosion resistance

{c) decreases yield strength but increases corrosion resistance
{dy increases vield strenath but decreases corrosion resistance.



1,15

1.16

1.17

1.18

1.19,

1.20.

1.2,

Auto collim ator 1s used to check
{a) roughness (by flathess
{c) angle (dy automohbile balance

Failure of a bead weld between a heawvy steel section and a thin section is mainly
due to the formation of

{a) sphercoidite (b bainite
{c) carbon free zone due to burning of carbon at high temperature

{dy martensite,

Ideal surface roughness, as measured by the maximum heigiit of Whevenness, is
best achieved when the material is removed by

{ay an end mill by a grindimg, wheel
{c) atool with zero nose radius (dy a ballimgh

In the specification of dimensions and fits,
{a) allowance is equal to bilateral tolerancs
(b3 allowance is equal to unilateral tolefince
{c) allowance is independent of tolerant

{dy allowance is equal to the _diffefgnce between maximum and minimum
dimension specified by the fale@ance’

In machining using abrasife praterial, increasing abrasive grain size
{a) increases the mateékial femoval rate

(b decreases the @izl removal rate

{cy first decreagE=9nd then increases the material removal rate

{dy firstincreatgd an then decreases the material removal rate

With irlseaging emperature of intake air, IC engine efficiency
{aiddacizasos (by increases

{cy\kermains same (dy) depends on other factors

Ehills are used in moulds to

{ay) achieve directional solidification

{by reduce the possibility of blowholes

{c) reduce freezing time

{d) smoothen metal flaw for reducing splatter.



1.22,

1.23.

1.24.

1,25

2.1

2.2,

One of the following statements about PRS (Periodic Reordering System) is not
true, Identify,

{a) PRS requires continuous monitoring of inventary levels
{by PRS is useful in contral of perishable items
{c) PRS provides basis for adjustments to account for variations in demand

{dy In PRS, inventary holding costs are higher than in Fixed Recorder Quéntly
System

In inventory planning, extra inventory is unnecessarily carried to ghe epd Of the
planning period when using one of the fallowing lot size decision pdlices:

{a) Lot - for - lot production

{bY Economic Order Quantity (EOQQ) [of size
{c) Period Order Quantity (P00 ot size
{d) Part Period total cost balancing

In a weawving operation, the parameter to be_coftrolled is the number of defects
per 10 square yards of material. Contral ch it shorogtiate for this task is

{ay P-chart {by C -chart @y B - chart (d) X -Chart

Which one of the following foigtasti@a technigues is not suited for making
forecasts for planning productiph scedules in the short range?

{a) Maoving average (b Exponential mowving average
{c) Regression analysis (dy Delphi
This question consists OIMMWENTY-FIYE sub-questions (2.1 - 2,25 of TWO marks

each. For eachgdt ihese \sub-questions, four possible alternatives (A, B, C and D)
are given, out of #nidh ONLY OMNE is correct,

2

The genergl solution of the differential equation xzd—};— xd—y+y =0is:
ox dx

{2y M OBx {A,B are constants)

th OAx + 8logx {A,B are constants)

(% Ax +Bx?logx {A,B are constants)

{d) Ax +Bxlogx {A,B are constants)

The best fit line using least squares for the data {0,0%, {10, 243, (20, 36) and
{30,607 is:

fa) Zx-y=10 by 2a-yw+ 4 =10
ic) 22 -yw-4=0 (dy Mone of these



2.3,

2.4,

2.5,

2.6,

2.7,

2.8

2.9,

The maximum principal strain in a thin cylindrical tank, having a radius of 25 cm
and wall thickness of & mm when subjected to an internal pressure of 1 MPa, is
{taking Young's modulus as 200 GPa and Poisson’s ratio as 0.2}

(a) 2.25x107* (b} 2.25 {c) 2.28x10°° (d) 22.5

& square bar of side 4 om and length 100 cm is subjected to an axial load Foite
same bar is then used as a cantilever beam and subjected to an end logl @, the
ratio of the strain energies, stored in the bar is the second case to thafiitoredyin
the first case, is:
{a) 16 by 400

() 1000 (dy 2500

An IC engine has a bore and stroke of 2 units each. The ares to falculate heat
loss can be taken as

fa) 4n {bY Em (c) 6T (d) Bn

an air breathing aircraft is flying at an altitude(wheré the air density is half the
value at ground level, With reference to the geeui ledel, the air-fuel ratio at this
altitude will be

(a) &= (b) 2 | P (d) 4

For the data listed below for two@tlrnalQearings 4 and B, predict the flow
conditions in the bearings

. Fadial Surface Viscosity of | Density of
. Ciametir _ .
Bearing r dearance speed of lubricant lubricant
{rm ) shaft {m/s) {Pa - s} (kg/m =
A Qead 107 210 0,001 1000
B 005 107 10 0.01 850

a1 both &4 and B

{cyQLamigar in A and turbulent in B

{a’ glarmin (by turbulentin both A and B

(dy turbulentin A& and laminar B

B isentropic heat drop in the nozzle of an impulse steam turbine with a nozzle
efficiency 0.9, blade velocity ratio 0.5, and mean blade velocity 150 m/s in k1/kg
is

{ay G0 {by 40

(c) 60 (dy 75

air (Cp=1}dfkg,;r=l.4] enters a compressor at a temperature of 27°C. the

compressor pressure ratio is 4. Assuming an efficiency of 80%, the compressor
work required in kJ/kg is

{ay 160 {by 172 fch 182 {dy 225



2.10.

2.11.

2.12.

2.13.

2,14,

2.15.

The dicharge wvelodty at the pipe =
exitin figure 2.10 is

(a) f2gH
(b 2gh
) 1'ig[H+h]

(d) 0

& steel ball of mass 1 kg and specific heat 0.4 k1/kg is at a tefnperatd®E of 60°C,
It isdropped into 1 kg water at 20°C. The final steady state t&lpperfture of water
s

{3y 23.5°C (by 30°C {c) 35°C (dy 40°C

The temperature variation under steady heat coliductign across a composite slab
of two materials with thermal conductivitiesgd s Wad K5 is shown in Figure 2,12,
Then, which one of the following statem entd hal@s?

I:EI:I ky= Ko I:I'II:I Ki=FEk=
(c) K1=10 (d) Ki< Kz —»

T.‘l. Kl Kz

__________ —

The earth can be assumg el 36 alimiform sphere. Suppose the earth shrinks by 1%
in diameter, the new diy pekiaf

{a) will not change fron“2hours (b will reduce by about 2%
oy will reducey 200ul1% (dy will increase by about 1%

Pertaining o a steam boiler, pick the correct statement among the following:
{a) Privgtagwoboiler heat surfaces include evaporator section, economizer and air

eefeater

£hyNRrim ary boiler heat transfer surfaces include evaporator section, super heater
=ection and economizer,

2 Secondary boiler heat transfer surfaces indude super heater, economizer and
air preheater,

{dy Primary boiler heat transfer surfaces include evaporator section, super heater
section and reheat section.

Consider the triangle formed by the connecting rod and the crank of an IC engine
as the two sides of the triangle. If the maximum area of this triangle occurs when
the crank angle is75%°, the ratio of connecting rod length to crank radius is:

(@) 5 (by 4 (cy 3.73 (dy 3



2,16,

2.17.

2.18,

2.19,

2.20.

a1

The difference between tensions on the tight and slack sides of a belt drive is
J000 M, If the belt speed is 15 m/s, the transmitted power in kW is

(a) 45 (b} 22.5 (c) 90 (d) 100

The profile of a cam in a particular zone is given by x =3 coss and ¥ =s5ind.

The narmal to the cam profile at 8= %iS at an angle (with respect o x axias

s x T o
(a) P (bl z {c) 5 (d

In an orthogonal machining operation, the chip thickness andthe ulicut thickness
areequal to 045 mm. If the tool rake angle is 0°, the shear plafesdngle is

(@) 45° (by 30° (cy 1@e (dy 60°

& strip with a cross—-section 150 mm = 4.5 mm g€ being rofled with 20% reduction
of area using 450 mm diameter rolls. The apgle,sublanded by the deform ation
zone at the roll centre is (in radius):

(a) 0.01 (by 0.02 ey 103 (d) 0.06

& flywheel of moment of inertia 853 kg@m “fluctuates by 30 rpm for a2 fluctuation
in energy of 1936 Joules, The meanspeed of the flywheel is {rpm)

(a) 600 (b} 900 () 968 (d) 2940

Match 4 correct pairs Betwesndist 1 and List II for questions 3.1 to 3.5 below. Mo

credit will be givend artial matching. Write your answers using only the letters
A to D and numbers 1 th 6,

n ¥ List I List II
(A Nea o work {13 Mozzle
B Weat 1o lift weight {2} Endothermic chemical reactiaon
(G HEat to strain energy {3 Heat engine

{0y Heat to electrom agnetic energy | (4) Hot air balloon/evaporation

{5} Thermal radiation

(6% Bimetallic strips




3.2

3.3,

3.4,

3.5

ListI

List II

{4 Sand casting
(B Plaster mould casting
{2 Shell mould casting

(DY Investment casting

{1y Symmetrical and circular shapes only

{23 Parts have hardened skins and soft interior
{3y Minimum post-casting processing

{4y Parts have a tendency to warp

{5y Parts have soft skin and hard interior

{61 Suitable only for non-ferrous metals

List I

Lgming

{A) High head, low flow rate
{BY Low head, high flow rate

{C) Heat transfer
(DY Low drag

{1} Streamlinef ady,
(2% Boundary |ager
{30 Cfiee Webdt

{40 Cedtriligal pump

CSB Axral flow pump

| W Musselt number

List I

List II

CAY Aluminium brake shioe

(B Platstic watepdagttle

{CY Stainless siepfocups

{1 Deep drawing
(2% Blow moulding
(3% Sand casting

(DY Soft deink can Caluminium ) {4 Centrifugal casting

(5% Impact extrusion

{6) Upset forging

ListI

List I1

(A% ECM {13 Plastic shear

(B EDM {23 Erosion/Brittle fracture
{Ch USM | {30 Corrosive reaction

{0 LBM {43 Melting and vapourization
{53 Ion displacement

(6% Platic shear and ion displacement




The radial displacementin a rotating discis governed by the differential equation
d%u 1 du
+
dx® xox x

where U is the displacement and = is the radius,

Ifu=0atx =0,andu=2 atx = 1, calculate the displacement at x =%

& component used in the Mars pathfinder can be idealized as asmicctlar bar
clamped at its ends. The bar should withstand a torque of 1000 Wm. The
components is assembled on earth when the temperature is 2EBEC\Tem perature
on Mars at the site of landing is —=70°C, the material of the Har hag an allowable
shear stress of 200 MPa and its Young's modulus is 200 GPa. Design the diameter
of the bar taking a factor of safety of 1.5 and assuming a coetiicient of therm al
expansion for the material of the bar as 12 x 107 Ao,

& gas filled tube has 2 mm inside diameter and(25 crg length. The gas is heated
by an electrical wire of diameter 50 microns £0.08 mn)) located along the axis of
the tube., Current and woltage drop across gdhedigating element are 0.5 amps and
4 volts, respectively. If the measured wigeVarld ifSide tube wall temperatures are
178°C and 150°C respectively, find th& thermgdfconductivity of the gas filling the
tube, '

Twio castings of the same metal bhavehe same surface area. One casting isin the
form of a sphere and thegglesr %%, a cube. What is the ratio of the =solidification
time for the sphere to thal of i clube?

The chemical formula™o@micohal is CH,0. Calculate the stoichiometric air/fuel

ratio by mass @hd e percentage composition of the products of combustion per
kg of C.H.0.

SECTION - B
Answer any TEM guestions. Each question carries 5 marks,

horGhe composite beam shown in Figure 9, flexural rigidities EI of AR and DC are

SouBDto 10°N —cm®, and EI of BD is 2x10°N - cme. Using moment - area
dinorem, determine the location and magnitude of maximum deflection between

B and C. & 600N

100MAzm
4 f—W‘{//‘Y‘\r’“ﬂ 5] Z

5 YILLLIVIZ




10,

11,

12.

13.

For the piping system shown in Figure 10,

(EI]AB=1D11N—E'm2 and [EI]BC=E><1EI“N—|:m2. The axial rigidity of DC,

[EA]DC =10°N. Determine the load on DC.

5375 M

Z
?.ﬂ. BYE |
,ﬁ_ ....... I A [
7

00cm . 200 crn 50 cm
- =1
(]

& cannon ball fired from the ground attained a maxzimum height™& 1 km. At this
maximum height, the radius of curvature of its path we@=Bbso egual to 1 km. With
this data, determine the initial velocity and angle ofigragffecdtion from the ground.
Meglect air resistance,

& railway wagon (4) of mass 10,000 kg colidesywiti another identical wagon (B
as shown in the figure 12, If & is moving &t 2 my% and B is at rest at the time of
callision, calculate the maximum coiressiar’in the spring S with a spring
constant of 2 MBS, :

—®Smis

7 ?{2|- 4]
"l. J\ '\] B
_ ;__T'& B &

& planar cam driges altranslating follower as shown in the figure 13, the cam

profile is givenfbyd = 5+ 2 sin ax om o where

@ is the angulafg@elofity of the cam. The cam I

is initiallg pressed” by the follower by a —

compressich  spring  of stiffness 2 kN/om | |

when | 5 ocom. Calculate the maximum —

op@érdiing, speed of this system  for the - K=2000M/em
follGwer 0 maintain contact with the camp ,.__:H

grafile, The mass of the follower can be taken =

a8 1°kg. The initial spring compression 1 5 |

o .

Follower {1 kqg)

r=5+2simuat cr



14,

& Rankine cycle operates between pressures of 80 bar and 0.1 bar, The
maximum cycle temperature is 600°C, If the steam turbine and condensate
pump efficiencies are 0,9 and 0.8, respectively, calculate the specific work and
therm al effidency. Relevant steam table extract is given below:

P bhar

Specific vaolurmne mifkg Specific enthalpy k14 Spedfic entropy K1/ loghs

ToC | PN
M g o} he hgq S 5 Sq

Q Q ‘

0.1
20

4L.84 | 0.0010103 14,68 |191.9 | 23923 | 2584.2 | 0.6488 | 7.5006 (&, 1404
2951 | 0.00138%5 0.0235 | 1317 | 1440.5 | 2757.5 | 3.2073 | 2053517 5.7424

15,

16.

17,

80 bar - 600°C W 0.4386
Superheat table  h 364E

S 7RG

& hot fluid at 200°C enters a heat exchange@™@ha Wads flow rate of 10% kg/hr, Its
specific heat is 2000]/kg K. It is to be cofllegd By another fluid entering at 25°C
with a mass flow rate 2500 kg/hr and,fpecific Heat 400 1/kg K. the owverall heat
transfer coefficient based on outside area of 20m< is 250 W/m . Find the exit
temperature of the hot fluid when e Quiddare in parallel flow,

The minimum pressure anddemiaeratlire in an Otto cycle are 100 kPa and 27°C,
the amount of heat addgd fthd air per cycle is 1500 klfkg. Determine the
pressure and temperaturedat [aM points of the air standard Otto cyde. Also
calculate the specifics worlgand the thermal efficiency of the cycle for a

L

oy
compression ratigemf 8: 0\ (Take Cy {airyas 0.72 kJ/kg K and [C—P] =1.4)

Find the requiredyait-fuel ratio in a gas turbine whose turbine and compressor
efficiencieqy are  85% and B80% respectively. Maximum cycle temperature is

B7E*C g Wworking fluid can be taken as air (CP =100/ kg K, ¥ = 1.4], which
enters@ke compressor at 1 atm and 27°C. The pressure ratio is 4. The fuel used

bas\zalarific value of 42000 k1/kg. There is a loss of 10% of calorific value in the
corbl stion cham ber.

& turbocharged six-cylinder diesel engine has the following perform ance details:
{i7 Work done during compression and expansion = 820 k',

{iiy Work done during intake and exhaust = 50 kW,

{iiiy Rubbing friction in the engine = 150 kW,

{iv) Metwork done by turbine = 40 kW,

If the brake means effective pressure is 0.6 MPa, determine the bore and the
stroke of the engine taking the ratio of bore to stroke as 1 and engine speed as

AN Free



19,

20.

21.

Select one of the following two bearings and justify why did you reject the other:

{a) Deep groowe ball bearing

47,000 N
0.56

axial load factor ()= 1.83

dynamic load rating

radial factor (%)

(b Cylindrical roller bearing

dyvnamic load rating = 28,000 N
radial factor {x) = 1.0
axial load factor (y) = 0.0
Life expectancy = 10,000 b&r
Rotation factor = 1
Feliability factor = 0,62
Local condition

Fadial load =3, 000
Awial lodd =“9e00 M
EP M 1,000

& flat road has a curve Segfiellh with a radius of 100 m. while negotiating this
curve, a wvehicle slipped orllits tyres as well as tried to rollover at a particular
speed, Caloculate thimmsiesd assuming a friction coefficient of 0.5, Also calculate
the height of CGeaf the wehicle above ground if the tread {distance between the
tyres at the frofit of teal) is 1.2 m.

& cylindersf mass 10 kg and area of cross-section 0.1m2is tied down with string
in a YEsel containing two liquids as shown in Figure 21, Calculate gauge
predgurescriche cylinder bottom and the tension in the string. Density of water =
1000 Ky ® Specific gravity of & = 0.8, Specific gravity of B{water) = 1.0

-— String




22,

23.

24,

25,

26,

Hot water flows with a velocity of 0.1 m/s ina 100 m long, 0.1 m diameter pipe.
Heat los from the pipe outer wall is uniform and equal to 420 W/m2 If the inlet
water temperature is B0°C, calculate the water temperature at the exit, Neglect
effect of pipe wall thickness, Cp[water]=4.2 klfkg °C and density of water =

1000 kgfm =

& farmer wishes to connect two pipes of different lengths and diametgie to =
common header supplied with 8 % 10% m3s of water from a pump. Ogs pipkis
100 m long and 5§ em in diameter. The other pipe is 800 m long. Deterffine the
diameter of the second pipe such that both pipes have the sdine Waworate,
Assume the pipes to be laid on level ground and friction factor_foftboth/ pipes as
0.02. Also determine the head loss in metres of water in the pibes.

1 L . .
Mate: Pressure drop = fgpvzﬁ, where fis friction factar.

& wvertical jet of water is able to keep hemispheg@al siglléds shown in Figure 24,
The water jet is issuing from a nozzle of area Al withfa velocity Yy at the nozzle
exit, Using Bernoulli's equation and momegdyn “eafem dewelop expression for
jet welocity at the shell and the height Hatdalgich the shell is balanced. Shell
mass = m. water density is p, and assur@ea 1dgal flow,

Shell

Mozzle

tha Wwoltage (W) - length {10 characteristic of a d.c. arcis given by ¥ = 20 + <
Yl in mm). During a welding operation the arc length is expected to vary
tebween 4 and 6 mm with the welding current limited between 450 and E5EO0
amps. If the power source has a linear characteristic, calculate the arc power at
an a.c. length of 5-mm. What is the open circuit voltage?

In a plain slab up-milling operation with a straight cutter, the diameter is 50 mm
and the depth of cut is 7.32 mm. Number of teeth on the cutter is 8, Plot the
variation of torque with the arbor rotation.



27. & cylinder of 155 mm is to be reduced 150 mm diameter in one turning cut with
a feed of 0.15 mm/ revolution and a cutting speed of 150 m/min an a NC lathe,

What are the programmed spindle speeds programmed feed rate, and the
material remowal rate?

2B. 2 job shop has 6 orders to be completed by a single turning centsg. The
processing times and due dates are as follows:

Order 1 2 3 4 g i ]

Processing time 3 2 9 4 2 < 1

Due date 17 21 E 12 15 24

dssume that all orders are ready for processing.

Give a production schedule that minimizes the Gverage flow time. Compare this
schedule with one that minimizes tardiness (aterngss)



