LER, oy 18RS

Fime Allowed: 3 hours Meocimaen Medts: 200

Cundiclutes shonld cdianpt any five quesfions
All guesions carery equecd micrks
Answers miust be written in English.
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1. {a) During some integral number of complete cycles a reversible heat engine ahsorbs 2500 LJ
from a heat reservoir at 1000 K and performs 800 kJ of mechamcal work The engine
exchanges heat with two other heat reservoirs one of which 15 5400 K and the other at 600K
Determine the heat exchanged (whether absorbed or rejected) wath these two reservoirs, the
change in entropy of each of the three reservoirs and the change in the entropy of the
uriverse. Draw a MEAT sketch of the systetn

i) An engine in outer space operates on the Carnot cycle. The only way in which hear 15 rejected
by the engine to the surroundings 1z by radiation which 15 property not to the product of the
fourth power of the ahsolute temperature of the radiating surface and its area For a given
power output of the engine, hot reservoir temperature Tp and radistor temperature T
determine the ratio (T /Ta) for which the area of the radiating surface az a minirmum.

() A systern mantained at constant volurne 15 itially a temperature Ty If a heat reservoir at
temperature Ty—which 1z less than T;—is avallable determine the mammum work
ohtainahle as the system 15 cooled to Tyin terms of Ty, Ty and Cy.

2 {a) Describe with the help of a neat sketch the construction and working of an Orsat apparatus
for volumetric analysis of dry flue gaszes.

(k) The composition of coal bumt during a hoiler trial was follows C—A2%; Ha—3.6%, Oz—
T4% and ash 27*%. The volumetric analvsis of the flue gas shoved the folioing COz—
10.25%;, CO—D0 . 80%:; O;—=8 54% and N,—80.0%.

Determine

1) the air-fuel ratio,

fi)  thepercentage of excess ar,

fii)  themass of COg CO, Oy and Ny in the flue ;gases per kg of coal hurnt.

3. (&) Denve the condition for masmmum efficdency of a two-stage air compressor fitted with a
perfect interconler.

What is the expression for miniroum worle 1f the air discharged from the L. cyvlinder
1z cooled to a temperature higher than the it al temperature?

{h} A single acting two-stage reciprocating air compressor 15 to compress air from 1 kgfom® and
30°C to 12.25 kgfem®. The bore of the low pressure cylinder is 30 cm. The stroke length of
hoth the low and the high pressure cylinders 1 the same and i1s equal to 40 cm. The
compressor runs a 180 +p.an The dearance volume in both the cylinders 13 3% of the stroke
volume. Index of adiabatic compression and expansionis 1.3 in both the cvlinders. Determine
the shaft horse power required to drive the compressor when (1) the air 15 cooled to its inihal
temperature hefore entenng the hp. cylinder, (11) when the ar 15 cooled to 45°C 1n the
intercooler. Assume mechanical efficency to he 85% in hoth cases. Also assume R=29 27
kg-mikg K.

4. (4] Show that the termperature at the end of the compression process in an ideal Otto cycle 15 the
geotnetric mean of the mammum and mim mum temp eratures attained in the cycle If the work
doneis to be a maximum,

(b} Duscuss the performance of a C.1 engine with reference to effect of speed on the B H.P, the
B M.EP and the fuel consumption.
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{c) An engine working on the ideal Otto cycle takes in ar at 1 kg/om® and 30°C which is
compressed to 15 kefom® at the end of the compression stroke. The temperature attained at
the end of constant wolume heat addition 15 900°C. Assurming adiabatic index to he 1.4
determine (1) the compression ratio, (1) the thermal efficiency. (1) the temperature at the end
of cotnpression, (1v) the pressure at the end of constant volume heating and () the mean
effective pressure.
5. {a) Show that for steady i1sentropic How of compressible fluid through a convergent-divergent
nozz e the throat pressure for mammum mass low s given by

2 rir-l _ rr-1
=5 1+L1Mf
F+1 2

whete I, 12 the Mach number at the inlet of the nozzle, py 15 the pressure at the nozzle inlet
and py 12 the pressure at The throat. v = (cpfoy) and B = {gp - o).

(b} Air 1z 1sentropicaly expanded 1n a convergent-divergent nozze from an imtial pressure of 5
kofem® and 25°C to a back pressure of 1.5 kg/om® The velocity of the air entering the nozzle
1z 100 mfs. The mass How rate of the air 1z 2 kgfs. Determine (1) Mach number at inlet to the
nozzle, (1) pressure at the throat, (1) area of flow at the throat and (iv) the area of flow at the
exit ofthe nozrle. Assume v for airto be 14 and B to he 29 27 kg-miig K

. (a) In a single row impulse stage of a steam turbine the nozzle angle 1z a while the inlet and
outlet angles of the moving blades are 1dentical. Denve the expression for the mammum
efficiency of the stage in terms of the nozzle angle, the nozzle efficency and the blade
velocity coefficient. Assume nozzle efficiency to he 1y, and blade velooity coefficient to he yr

(k) Animpulse stage of a stearn turhine has a mean “diameter of 12 m. The speed of the rotor 15
3000 rptn. The mass flow rate of stearn 12 20 kgfs Steam 15 supplied to the stage at 15
kgfem® and 300°C where it expands to 10 kgfom® Determine the efficiency and the power
output of the stage if the nozzle efficiency 12 0.9 and the blade velooity coefficient 13 0.92.
Assume acceleration from rest for the steam expanding in the nozzle. Assume nozzle angle to
he 25°.

7. (a) A furnace 1s insulated with a firehrick lining of 300 i thickness The thermal conductivty
of the firebricks 15 given by k=l (1 + of) where L 15 equal to 0.7 kealfmh deg C and ouis
equa to 7 x 107 per deg ©. The temperature of hot gases in the furnace is 1500°C and the
temperature of the surroundings of the furnace 13 32°C. The heat transfer coefficient on the
hot and cold sides of the brickwork is 35 kealim®h deg C and 8 keal/m®*h deg C respectively.
Determine the heat lost from a square meter of the brckwork and the temperatures at the
inner and outer surfaces ofthe brickworl

)] In a fire tube boiler the tetnperature of the flue gases 15 1000°C. The temperature of steam
and water 15 200°C. The thermal conductivity of the steel through which heat 15 transferred 13
40 kcalfmh deg C and the wall thickness 15 15 mm. The heat transfer coefficient on the steam
and water side 15 4300 keal/m®h deg C. In course of time the steel plate is fouled on the gas
side hy soot of 1 mum thickness and on the water side by a scale of 0.5 mm thickness. The
thermal conductivities of zoot and scale are 0.06 kcaimh deg C and 03 kcalimh deg C.
Detertrne the percentage reduction in the heat flux in the botler due to fouling of the steel
plate compared to when it free of fouling. Also detertmine the change in the temperature drop
across the steel plate due to fouling,

8. Write short notes on any four of the following

{1} Supercharmg of [C. engines;

(11} Idorse test on multi-cylinder [C. engines,

111}  Eeheat factor in multi -stage steam turhines

iv)  Absorption refrigerafion systetn

{w) Felton wheel

(v Sumple carburettor,

{(wii) Barometric condenser

{wii1l)  Hydraulic coupling.
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Fime Allowed: 3 hours Meocimaen Medts: 200

Cundicdates should altempt Quesiion 1 in section A which is compulsory, iy dwe gquesfion from Seclion
B covd cory two questions from Section C. Eack question in Secion A caries two marks. In Section B orid

()

(c)
()

(e)
(£)
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(h)
L
(1)

(k)
I
(m)
(1)
(0}
()
()
()
(s)
(t)

C, the number of murks carried by each question is indiceted of the end af question.
Answers miust be written in English.

i TR

FECTION A
Which of the following are clearance fits and interference fits
(1} Hsms
f11) Hads
i)  Hf
(1v)  Hage
Which of the following structures give best forgeability?
{1 Body centered cubic with large grains

{11} Hexagonal close packed wath large grains

1)  Face centered cubic with small grains

fiv)  Body centered cubic with small grains

What 15 the purpose of cambering of rolls in rolling of metal sheets?
Which of the followang process can make the smallest diameter hole?
(1) Drilling (11) Laser cutting (111) EDM {(1w) Ultrasonic cuthing

What lubnicants are used for hot extrusion of steel?

What 15 endurance limit?

Draw Goodman diagram for fatigue loading.

Define relishility as applied to engineering components.

Drawr activity time distibution diagram for PERT. What 15 1ts name?

In control charts of wariables, why do we plot x values vt preference to x walues, (x 15 the
variahle dirnension)?

What for 15 Gantt chart used?

Which properties of steel are affected by addition of M7

In three-dimensional stress space, draw von Mises’ cniterta of vielding of metals.
Why iz aspring washer used in some bolted joints?

Give the compozition of steel used for making spanners.

List the processes used for manufacture of stainless steel tumblers.

What 15 the differenice between arobot and an NC machine?

What 15 the difference between abit and ahyte as referred to a computer?

Draw a flow chart for finding the average of the 100 even numbers starting from 2.
Lozt the different computer languages.
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SECTION -8B

2. {a) A punching press 13 required to punch 400 mm diameter holes in a plate of 15 mm thickness
at a rate of 30 holes per minute, It requires 0.60 kaf-m of energy per mm? of sheared area
Determine the moment of inertia of the flywheel if the punching takes one-tenth of a second
and the rp.m. of the lywheel vanes from 160to 140.
{h} Draw a neat sketch of toggle press mechanism and explain its working,

{c) Explain the terms “static balanong’ and “dynamic balancing”. State the necessary conditions
to achieve therm

3. (a) A single-plate clutch has an inner diameter d and outer diameter D The pressure distribution
hetween the contact surfacesis gven by

o)
FP=4+—=
r
whether r 1z the distance from the centre of the disc and 4 and B are constants Determine the
torque that can be transmitted by a single-plate clutch and the sxial thrust Suggest how 4
and B may be determined.

)] A shaft 12 mim in diameter and 600 mim long between long bearings carries a central load of
4 kaf If the centre of grawmty of the load 12 0.2 mm from the =us of the shaft, compute the
mazimum Hexural stress in the shaft when 1t is runming at 90% of ifs critical speed. The value
of B (Young's modulus) of the material of the shaftis 2 3 10* kgfimm?®.

() Explain briefly the vanation in coefficient of friction with flud filim thickness in journal
bearing,

4. (a) Figure 1 shows a hollow shaft of 15 om external diameter and & cm internal diameter. At its
free end apulley of 50 cm diameter 15 ngidly fxed A forceof 25 kN 12 applied tangential to
the pulley as shown in the figure. Determine the principal stresses and the absolute mammum
shear stress at point & located 100 cm from the free end and at the top of shaft surface.

(b} Describe in brief the different theories of fatlure.
(c) What do vou understand by “human aspects” in machine design? Give at least two examples.

SECTION - &

5. {a) {1) What function does the coating on an arc welding electrode fulfll?
(i1)  Whatisindicated by the welding-electrode designation E 60157
fi1)  What iz the advantage of adding iron powder to the coating of arc-welding electrodes?
fiv)  Why is ultrasomc welding not practicable for welding thi ck metals?

(k) Draw a TTT diagram for 0.8% carbon steel and indicate thereon the different strictures and
temp eratures.

How would vou determine the mimtum cooling rate for obtaning marten site
structure”
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{c) Write two specific applications for each ofthe following matenals:
(1) Polyamide resins (nylon and capron)
{11} Fibre reinforced plastic (Fibreglass)
f1)  Compressed-wood plastic
fiv) PVC
fw)  Textolite

{d) Draw a sketch showing different types of wear on a turming tool. Which of these 15 taken for

estimating tool life for (1) H2S tools (1) Tungsten carbide tools?

. (a) A mass produced shafthas dimension 207" tm asits diameter. The ring gauge for checking

the shaft has (a) gauge tolerance equal to 10%% of worl-piece tolerance, (b) wear allowance
equal to gauge tolerance and (c) gauge tolerance 15 spread equally above and helow the
nominal gange size. Calculate the diameters of GO and Mo GO ends of workshop ring gange.
Also sketch the tolerance diagram .

(b} With the help of sketches indicate the directions of first and second slip lines in following
cases of plastic deformation:
(1) At the stress free worl surface
{11) Atthe frictionless interface hetween tool and worl
1)  Atthemnterface between tool and work with Coulomb fction
(iwv)  Attheinterface between tool and wotls with shcking friction.

{c) Dustinguish hetween the following types of machine tool controls: -

N, CHC, DNC and Adaptive NC

(d) Define the term ‘Grinding Ratio’. Explain why it should increase with the increase of
grinding wheel surface speed.

7. (&) A company 18 manufacturing two products & and B Both of them require machining on lathe
and milling machine. The machining time for the respective products, profits and time
available on tachines are given below. Deterrrine the numbers of A and B that should be
manufactured to mazimize the profit, and determine the value of this profit:

Prodiict T Tk e
oolxhe  omMilling Pieoe -
A 3 hours Jhoges 3 noiis
E 2 hogrs # bowme - B g
Avmbiie
time 1200 ooy 1500 hoors

)] Two chemica plants located at & and B (see Fig 2) have stocks of 2000 and 1900 tonnes of a
chemical. &t D and E there are demands of 1500 and 1700 tonnes respectively. The distances
between the points are shown in the figure Assume transport cost per tonnes to be
proportional to the distance. It 15 optimal (in minimizing total transport cost) to send 1500
tonnes from A to D, 500 tonnes from A to B and 1200 tonnes from B to BY
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A

(c) A company has the following three options for ohtaining a component:
{1) It can be brought from outside at the rate of Bs. 1.50 perpiece.

{11} It can be manufactured by the cotmpany by a process A in which case variable costin
Fs. 0.80 per piece and fized cost of Rs. 7,000

(1) It can be manufactured by the company by aprocess B in which variahle cost 15 Rs
050 per piece and fized cost of Ra. 12,000

Determine the limiting quantities for the respective options for minitmum cost per piece.
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