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Candidalos should mtenpt guestions I and 5 whick are compulsory and any three of e remaining iuestions selection at least
one guostion selecling o act one guestion from each Section.

@y dita is considered & clentt, assum e sugtoble value. Newton may be converted to o the Bty 4 kilozrenion
y oy usmyg the cqualily
(T BN = 168 B, if found necessary.

SECTION A

1. Anzwer any three of the following:

{a) The hall hearings are to he selected for an application in which the raial 1oad 15 2 kN during
90 per cent of the time and & kN during the remaining 10 per cent. The shaft 12 to rotate at
150 rpm. Determine the minimum value of the hasic dynafiic Wvad réting for 5000 hours of
operation with not more than 10 per cent falures.

20

(b} The figure given below shows the state of stresseat a oint namely 30 Ninm® tensile in X-
direction. 20 nimm® tensile in ¥-direction and £ sheabstress of 50 Nimm®. Find the location
of the principal planes, principa stresseg(and fhe mamimum shear stress graphically or

otherwise.
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() (1) Detiwe a formula for increase in volume of a thin metallic sphere when it 13 subjected

to o internal pressure p.

Ui A thin sphenical shell of copper has a diameter of 400 tmun and a wall thickness of 2
mm and 15 qust full of water at atmospheric pressure. Calculate the volume of water
pumped in to raise the inside pressure to 1.5 N/mm® The modulus of elasticity for
copper is 1 % 10 Nimm?, K (Bulk Modulus) is 2.5 = 10 N/mm® and Poisson’s ratio is
025

20

) What are the defects developed by the components of steel of any machine dunng heat
treatment operation? Cive the canses for such defects and explain the remedies taken.

20

2. (&) A machine ofmass 68 ko 15 mounted on springs of combined stiffness kb 1100 Mitnun with an
assumed damping factor of 0,2, & piston within the machine of mass 2 kg has reaprocating
motion with a stroke of 75 mm and a speed of 3000 rpm. Assuming the motion of the piston
to he simple harmonic, determine




(h)

(b}

(a)

(1) the amplitude of vibration of the machine
{(11)  thephase angle with respect to the existing force and
(111)  the transmissibility and the force transmitted to the foundation.
30

A punching press 15 dnved by a constant torque electric motor. The press 13 provided with a
flywheel that rotates at a masimum speed of 225 rpm. Radius of gyration of the flywheel 12
0.5 . The press punches 70 holes per hour, each punching operation takes 2 seconds and
requires 15 kN-m of energy. Find the power of the motor and the minimum weight of the
flwheel 1fthe speed of the same 1z notto fall below 200 rpm.

30

In an epicyclic gear train as shown in the figure given below, the anm & 15 fixed o the'shaft
5. The wheel hawing 100 teeth rotates freely on the shaft 5 and the wheel &7 with, 150 teeth 15
separately drven. If the attm A rons af 200 rpm and the wheel F oat 100 rpm in the same
direction, find

(1) Mumber ofteeth on wheel C and

(1) Speed of wheel B

3a

& 150 mm diameter shaft supporting aload of 10 kN has a speed of 1500 mpm. The shaft ring in a
hearing whose length1s 1.5 times the shaft diameter. If the diametral clearance of the heanng 15 0.15
min and the absolute Yiscosity of the o1l at the operating temperature 13 11 centipoizes find the
power wasted in friction

(a)

(ha

c)
(o

(c)

30
Dufferenilate hetween
(1) Solid solution and Eutectoid and
(1) Eutectic and Eutectoid
1 What are ceratmics ? How are they classified?
(1) Explain (a) Silicates (b) Vitreous structure
Chain structure and
Sheet structure as applied to engineenng matenals.
20
Explain the various aloys of copper giving the details of composition of each alloy.
20

SECTION B

Answer any three of the following:

(a)

The assembly line for small tricycles has the following work elements identified and the

sequence indicated




(b}

(o)

Work element Immediate Predecessor | Work element lime (in
of the wotl: element minutes)
A Mil B
B HMil 3
C B 3
] A C P
E L 2
F D 3
& E F 5
H EF 8
I G, H 1
J I 1
For the shove

(1) prepare the precedence diagram.

(1) using Helgeson and Bimic or any other heurisfic method, show a feasihle grouping of
the worl elements and number of workstationg, assumming that the cycle time of one
assembly 15 & minutes.

(1) calculate the halance-delay for your ditang®ment.
20

With sketch, show basic surface chasattenstic of roughness and wawiness What doa b, ¢, d,
e and f shown in the typical specififatioihillustration given below represent?

20

AwDb

Alsoindicate the values of surface roughness represented by the following thangles
AN A AAAN
20

LSonrocess was set to produce rivets of 10 mm length. The first 32 pieces made by the process
were found to hawve the following lengths (in mm)

959,100, 100,99, 9.9 33 100, 10,0, 1001, 10.1, 1000, 10.0, 9.9, 1001, 10,1, 3.9, 3.9, 101,
10,0, 1001, 100, 9.5, 99,93 10.1, 10,0, 10,0, 10.1, 10,0, 10.0, 10.0,

(1) Flot ¥ and R control chart for the process, taking data for Ay, Dz and Dy from the

followang tahle

“No. of obhservations

in the sample 2 3 4 2 i}
A, 1.88 | 1.023 | 729 | 0577 | 0482

D,
D, - (327 | 2575 2252 | 2115] 2.004




(d)

(a)

(b}

(a)

(b}

(a)

{11) If the process 15 not under statistical control, discuss what steps should be taken to
make the control chart wiable?

20

A ball at the end of a very long pendulum can be assumed to move linearly between two
metallic plates at a fized distance apart. The inner distance between the plates 12 slightly more
than the diameter of the pendulum hob which 15 spherical leaving clearance on the left or on
the nght. If the plates move in simple harmonic motion, the amplitude heing very small, the
hoh may touch the left or the right side plate or it may not touch any, &t any instant If the hoh
touches the left plate, equation & 15 governed while 1f it touches the right plate, equatian B is
governed. If there i3 no contact by the bob on any of the plates, then equation C 1z goverfied.
Write a flow chart in FORTERAN for the motion ofthe bob.

20

(1) What are the adwantages of laser heamn machining in respect of the foll owing M atenal
removal mechanistm, energy source, Energy transfer media patentid, cufrent, power,
gap and applications.

15

(1) What iz high energy rate forming? Discuss the theofy abhighbenergy metal forming.
What are the advantages and limitations ofhigh welacu® fofrmng?

15

With the help of sketches, show the degrees of fresdoni, a work-piece 1n space possesses and
how nine degrees of these freedoms can be refin ofed wath the help of 6 pins. How are the
remaining three degrees of freedom resticte@whelt holding the work-piece for machining?

30
In a stop watch time study, the actualgeadings 111 minutes recorded for an element are
005 006 005 005 005 0046 0068 005
00é 006 006 0.06 05 "5 006 and 005
(1) Hawe sufficient numbief ofir@adings heen taken for 95% confidence level and + 5%

accuracy?
(1) Ifthe ratingis 120%, what would he the normal time for the element?

(111}  What wonlddesthe standard time for the element if the personal needs allowance;
fatigue alldwrante and contingency allowance are 5%, 6% and 5% respectively?

(v)  Whet 15 the purpose of providing contingency allowance? Give two examples.

3a

The defmand for a newly introduced lusury car has been shown below. The experts forecasted
asale of 100 cars for the month of March With a smoothing constant of 0.15 and using first
oroet exponential smoothing what 15 the forecast for the month of August? Also calculate
WA D and Bias and give your comments on the same:

IMonth Actua Demand
Ilarch 150

Agpril 200

Ilay 100

June 50

Tuly 150

3a

Distinguish hetween the situations where transportation models and assignment model s may
heused.




A job shope type machine tool company employs a team of 4 assemblers with varying
capahilities. It has received an urgent order to supply 4 assemblies as soon as possihle and
decides to assign one assemhbly to each assembler. Assign the assemblies to assemblers so
that the total cost is minimized The following matnx shows the cost of assembly by each
assembler in hundreds of rupees. Also calculate the total cost of the 4 assemblies

Assermbler
5 7 ) 8
Assembly 7 4 4 9
3 6 2 5
B 2 G 1

3a

(b} Mame any five electrodes (tools) matenas used i EDM (Electric Duscharge Machimng).
Tive the advantages and disadvantages of graphlute as a tool material. Also define flushing
and state its purpose. Describe with sketches the various types of flushing uéed in EDM.

30
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SECTION A

Answer any three of the following parts. (Answer to each part should not exceed 200 words)

(&) Dustinguish between biogas, producer gas, and liquefied petroleum gas JRRG) aad
compressed natural gas (CHG). Discuss the feasibility of each one of them fosilize iimotor
vehicles explaimng why vou do not consider any of them £t for use in presenteday wehicles if
vou so0. Consider,

20

(b} Explain why the exhanst effluent from the tail pipe of a diesel wehicle 15 black 1n colour with
at obnoxious odour, while it 15 not so with that from petrol dnven wvelieles. Which of these
exhanst effluent 15 likely to hawve hi gher concentration of oxdEsBf nittagen and why?

20

() What 15 tmeant by free expansion process and how dofs it difter trom throttling process? One
kilogram of a gas having pressure P and tempetature T 13 enclosed 1n an insulated box of
volume V1. Itis dlowed to expand freely till Az wolume increases to Wy = 2 V. Show the
process on P-V oand T-3 diagrams and detefining O, AV, W and AS for the free expansion
process. Comment on the results.

20
) A Carnot Engine 15 working betwfen temperature lismts of Ty and T Its efficiency can be

increased either by increasing the source temperature Ty or by decreasing the sink
temp erature Ty,

Determine whichdk mire sffective. What are the practical limitations of each of the
above methods?
al
{a) ‘Knocking in 51 Edairies 15 due to auto 1gnition of the “end charge™ while knocking in CI
Engines iz due to atedzmtion of the “first charge”.

Dnscuss this statement and tabulate the effect of engine operating and design
parametersnoh the knock intensity 1 31 and CI enmnes, giving reasons for the effects
indicated by vou

a0
(hi What do you understand by the term “dopes” used in IC Engine practice? Name at least two
organic and two metallic dopes. Explan how addition of very small amount of metallic dopes

per liter of gasoline completel y suppresses knocking in 51 engines. What additives are used to
increase the cetane rating of diesel o1l?

30

{a) Explain what 1z meant by Higher and Lower Calorific Value of a fuel. Describe with the help
of aneat sketch the principle and worldng of an apparatus used for determning the calonfic
value of a gaseous fuel.

20
(b} The following datarelated to atest trial of a single-cylinder four-stroke gas engine
(1) Cylinder dia. 24 cm. stroke length 48 cm.

(1) Compression ratio = 5 9




(111)  MNethrake load applied at brake wheel hawving an effective circumference of 3.86 m 13
1260 N at average speed of 227 rpm.

(1v)  MNumber of explosions/minute = 77

() Gas usedimt at 771 mm of mercury and 15%C=0.217 cum

(wi)  Lower calorific value of gas at NTP 49350 klfm®.

(wii)  Mean effective pressure from indicator card = 7.5 har

(witt)  Weight of Jacket cooling waterimt =11 kg

{(1z)  Temperature rise of cooling water = 34.2 °C

{x) Specific heat of water =4.2 kg °C

Estimate (1) tnechanical efficiency, (1) indicated thermal effidency and (1) effisiency satio,

atd draw a heat balance sheet for the engine assuming that exhaust gaszes pditfhaway 24%% of

heat.

40

&Y A 200 kg iron block initially at 300 2 C iz allowed to cool in atmospliere at 30°C. Determnine

the reversible worl and irreversibility for the cooling process If this iron block 13 used to

mantain a temperature of 30 ?within an enclosure having ofitsid 2 surfounding temp erature of

10 °C, determine the masimum amount of heat that can be Sufplied to the enclosure space as

theiron block cools from 300 °C to 30 °C. Foriron Cg= 045 kg -K.

3a

(b} (1) Describe wath a neat sketch, the wofland Of a centrifugal compressor. How do
pressure and welocity changes take place 19 umdieller and diffuser?

{11} Cotmpare the relative merits amd detgerits of reciprocating, amal and centrifugal
COMpreEssors.

(111 Sketch amal compressor Welocitydiagrams for a stage. Show that total head pressure
rise 15 given by

¥
P_U-u: 1+ﬂulicﬂw_clw) oy
A o,

The notafiong have the usua meaning.
30

SECTION B

Angwer andthres ofthe following parts. (Answer to each part should not exceed 200 words)

{a) Define the terms: capacity ratio, effectiveness and number of transfer umts Derive an
expression for effectiveness for aparallel flow concentric heat exchanger in terms of capacity
ratio and mumber of transfer units.

20

b What are the harmful environmental effects of conventional refngerants? Name any one eco-
friendly refrigerant which 15 being commercially used and discuss its  important
characteristics

al
{c) With reference to air-conditioring practice, explain the difference between human comforts

and industrial ar-conditioning pointing out the vanous parameters 1n each of these
applications. Cive suitahle examples. Sketch and discuss a comfort chart.

20

() Explain the essential distinguishing and relative merits and dements of Boling Reactor and
Fressunized Water Reactor used in nuclear power plants. How s nuclear waste disposed off?




(a)

(b

(c)

(a)

(b}

(c)

20

A muxture of air and water vapour at 1.01325 bar. 16°C has dew point of 5°C. Cdculate the
relative hummidity and specific humidity.

20

A refrigerating plant of 10 kW capacities operates in the quasideal wapour compression cycle,
The refrngerant 1z B 134 a The saturation temperatures in the evaporator and condenser are
respechively -20°C and 40°C. The plant includes a heat exchanger in which the saturated
ligud leaving the condenser 1z subcooled to 30°C by the saturated wapour leaving the
evaporator. The subcooled liguid 15 then throttled to -20 °C hefore entering the evdplrator
and the wapour leaving the heat exchanger 15 compressed isentropically to theseondenser
pressure. Sketch the schematic diagram and the cycle on p-h and T-s diagramg nuihering
the important point. Calculate the mass fow rate of the refngerant and powssto Ue supplied
to the compressor. The mechamcal efficency of the compressor may be fssumed 50%. The
compressor used by the plant 15 a single-stage single-acting reciprocating Compressor having
stroke-diameter ratio of 1.2 and a speed of 240 revimm. Assuming compressor wolumetric
efficiency to he 80% determine the diameter and stroke of the compregsor.

Froperties of refrigerant may be obtained from tahle helow:

Enthalpy Entvepy Spectiicdieat
i F L ks kg klfkg-K bd Sl

e Gar | mYlg Ellguid ! Vapouwr] Liquid | Wapous | DiuuidVapown

—00 | 1.3268| 0.F4F4 | LPREDR ARG AG | 0900V E7ANT (1282 | 6.805

49 10165 00139 ({25685 i 41058 1908 £ 1115 |1.5 1.12

35

A central air-conditioning @land 1840 be installed at Delln for cooling an office building
during the summer seasdh. Giffe 2’ layout of the plant and explain the warious processes on a
skeleton psychometrisshart

15

In a concentric tab@ hedt exchanger, cold water 15 heated by the heat released by the steam
condensation. TheSwdler enters the tube at 10°C and leawes at S0%C. The steamn pressure 1s
mantaned a 1.00325 bar (atmospheric). If the length of the tube 15 increased to 3 fimes,
what would he the outlet temperature of water? Assume overall heat transfer coefficient
remiaine constant for both the cases. Specific heat for water may be assumed to be 4187

1]/ ke K,
14

£ dhin rod of length [ has its two ends connected to two reservolrs at tetrnperatures ty and t;
respectively. The rod has the perimeter P and 1ts cross-sectional area & The rod loses heat to
the environment a temperature, t. The convection coefficient of heat transfer between the
rod and the environment 15 b Assuming the thermal conductivity of the matenal of therod to
he constant k derive an expression for (1) the temperature distnbution in the rod and (1) the
heat transfer from the rod to the ervrironment.

15

The total emisstwty of dean chrotmum as a function of temperature T K 15 approzmately
g1VEN A3

o= D.ES[I—EJ
r




(a)

(b}

Chtan an expression for the ahsorptivity of solar radiation as a function of surface
temperature. The intensity of solar radiation at earth’s surface may be calculated from the
following data

Diameter of sun 1.39 % 10° km
Surface temperature of sun = 600 K.
Distance between sun and earth = 149 = 10% km
Azsume sun to behave as ablack body
30

Explain the terms forced draft, induced draft and balanced draft, and discuss thes relative
merits and demerits. What 15 the role of a clhimney in a boiler? Why no chimnes 13 peevided
i a locomotive boiler?

20

An ol fired boiler uses 52 kgthr of 01l hawving a higher calonfic valie or 44900 klflg and
composition'kg C=0847 Hy =013, 3= 00125 and generates 635 kg df steamvhr at 105
har pressure from feed water supplied at 338 K. The flue gases hawvingudi¥ gas analysisiunit
volume Cp = 0.043. CO; = 0,124, Ny = 0833 and specifipeheat 1 005 klikg-K, leave the
boiler at 635 K. The pressure and temperature of steain #ltes throttling in a throtting
calonmeter 15 1.15 bar and 398 K respectively. Takingithe partidl pressure of steam in flue
gases as .07 har and the specific heat of superheated Steam & 2.1 klfkg-K detenrmine —
(1) the equival ent evaporation / kg of fuel;
(1) boller efficiency.
Draw up acomplete heat halance sheet. Takehoileffoom temperanire = 234 1

41




