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Fime Allowed: 3 hours Meocimaen Medts: 200

Cundiclutes shonld cdianpt any five quesfions
All guesions carery equecd micrks
Answers miust be written in English.

i

1 {a) A reversible heat engine operates between 600 C and 40 C and drives a reversihle refn gerator
operating hetween 40C and -18 C. 5l there 12 a net output of work equal to 370 Id, while
the heat received by the engine 15 2100 U. Determine the cooling effect.

(b} A compressor takes in 500 kgfmm of air at 098 bar and 18 C and deliversitat 5.5 bar and 68

. The diameters of inlet and delivery pipes are respectively 450 mim and 200 mm. The

power input iz 1000 KW Determine the rate and direction heat flow. (Cw=1.005 Id'kg C).

2. A reversible cycle using an ideal gas as the working substance consists of aisentropic compression
from and 1mitial temperature to 555°K, a constant wolume process from 5552 to 8359, a reversible
adiahatic expansion to 555°K, a constant pressure expansion from 555°K to 835°K followed by a
constant wolume process to the initial temperature. Draw the cycle on p-v and the T2, diagrams and
detertmne the initial temnperature, (7 = 1.40). Also compute the work done.

3. A f-cylinder, four-stroke cycle 10 om = 12.5 cm stroke, diesel engine develops 50 KW at 1000
rpm. The wvarious efficiencies are mechamical 76%; volumetric 80% under room conditions;
indicated relative 88%; theoretical thertnal 52%. The lower calonfic value of the liguid fuel 15 45000
Id. Compute (a) bmep;, () air fuel ratio; (c) specific fuel consumption. Assume air density as 0.12
ka/m® under room conditions.

4. The nozzles of de Laval turhine deliver steamn at the rate of 900 gmisec with a velocity of 730 misec

to a set of blades revolwing at the rate of 30000 rp.m. The diameter of the wheelies 11.5 cm. The
nozzles are inclined at an angle 0f 207 to the plane of wheel rotation.
Calculate the (a) diagram efficiency; (b) power developed by the blades; (c) energy lost in the hlades
per sec. Assume the blade velocity coefficient as 072 and outlet blade angle 25° (d) Also determine
the condition for the mammum efficency of the turbine. Discuss the physical significance of
thagram efficency.

5. Water 12 dravm from anver &t 7°C and has to he heated to 64°C. Calculate the advantage of using
the heat pump plant described below over direct heating of the water. The water drawen from the river
passes first through the Freon condenser and then through the steam condenser. Assume that a heat
source above 450°C 15 avalable.

Freon-12 Heat Putnp compressor i3 driven by strearn turbine. Its condenser tetnperature 60°C
and evaporator temperature -5°C. Freon-12enters cotnpressor as saturated wvapour and enters throttle
value as saturated liquid.

Steam pressure and temperature leaving hoiler 30 kg/om® and 450°C respectively. Steam condenser
tetnperature 7AOC

Enthalpy walues of Freon- 12 At entry to compressor 187 KJkg, at discharge of compressor 2215
klfleg and at exit condenser 90 klfeg. (4°18 kT =1 keal),
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fi. (4] Show that
m=(0622=pw)f(p-pw)
where @ = absolute humidity of air
pw = partial pressure of water vapour

p = harometric pressure

(b} A drang room 15 to be maintaned af 32°C and 30% E H. The sensible heat gain to the room
12 150000 klfhr. The moisture to be evaporated from the objects dunng drving 15 18 kg'hr, If
there 15 no direct heat source to provide for evaporation in the room, calculate the state and
rate of supply ar at 15°C d bt
7. A gate which 15 2 m wide and 12 m high lies in a vertical plane and 15 linged at the bottom. There 13
a ligud on the upstream side of the gate which extends 1.5 m ahove the top of the gate and has a
specific gravity of 1 45 On the downstream side of the gate there 15 water up to the top of the gate.
Find (a) the resultant force acting on the gate, (h) the position on the centre of pressure and (c) the
least force acting horizontally at the top of the gate which 12 capable of opening 1t
8. {a) Explain briefly the significance of dimensional analysis in model testing.
(b} Using a Buckingham-w theorem show that the discharge O through a centrifugal pump can be
expressed as

B g 4 n
o= Nsz[Nf‘D’ D’,GND:‘J

where p = mass density of the fuid
M = pump rotational speed

D = diameter of the impoller

H = manometric head
p=fudwiscosty

g = acceleration due to gravity.
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The nigrher of marks carried by cach question is indicaied at the end of the g siion.
Answers muist be writicn in Englich
" %% mn %%
SESTION -A

State the fundamental law of gearing.

What conditions must be specified for a pair of helical gears to mesh properly?
State Kennedy's three-centre-in-line theorem.

IMention the factors necessary for the design of spur gears.

State d” Alembert’s prnciple and write down 1ts importance.

Specfy the important features of areverted gear train and give connected equations.
What 15 the effect of inertia of reciprocating parts on the engine frame?
Dufferentiate between the main function of the fly-wheel and governor.

State the relation hetween Young™s Modulus, Figidity Modulus and Poizson’s Fatio.
Explain what1s meant by Hammer blow in a locomotive.

What 15 principle of Thermit welding? Give chemical reaction involved.

What 15 the principle involved in Laser Beam Welding?

What 15 the composition of mild steel? How do properties change with increase in carbon
content in steel?

What 13 the difference between ablind riser and an open riser? How do they function?
What 1s the difference hetween aholt and a screw? Mention their applications in practice.
Dufferentiate between bending and drawing operation; and piercing and blanking operations.
Idention hriefly various cutting tool materials and their appli cations.
How 13 tite study rel ated to wage incentives? Explain.
What 13 tmean by “methods study™? Explan.
What 15 meant by ‘“value engineering’? Explain.
2= 20=40
SELCTION - B

& vertical shaft of 0.5 cm diameter 12 20 cm long and 15 supported in long beanngs at its
ends. A disc weighing 50 kefis attached a the centre of the shaft, Meglecting any increase in
stiffness due to the attachment of the disc to the shaft, find the cntical speed of rotation and
the mazimum bending stress when the shaft 15 rotatng at 75% of the cntical speed. The
centre of the disc iz 0.25 mm from the geometric s ofthe shaft E = 20 % 10° kafiem?.

25

Deduce an expression for the minimum number of teeth on the pinion of a mating spur gear
to awoid interference between the flanks of the pinion testh and the tips of the gear teeth.

15

A shaft of 20 cm diameter has aspeed of 2500 EPM and runs in a beaning which has alength
of 1.2 titnes the diameter. The bearing pressure is 7 kaffom® and the coefficient of friction at
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the beanng surface 15 0.006. Calculate the horse power lost in friction. The ol fow through
the hearing controls the temperature of the bearing. If the difference hetween the outlet
ternperature and that atinlet 18 20°C, ohtain the gquantity of oil required if the specific heat 1=
045 and specific grawvity 15 088 Determine the pipe size for (1) oil inlet if the mamimum
velocity of flow iz 1.25 mifzec and (1) ol drain, the drain to run half full wath a mazimum o1l
velocity of 0.15m/sec.

25

{h} Determine the width of a 975 mm thick leather belt required to transmit 20 HP from a motor
running at 900 EPM Diameter of the driving pulley of the motor 1z 30 cm. The dnven pulley
tuns at 300 RPM and the distance between the centres of the two pulleys 12 3 meters. The
weight of the leather is 1 = 10 kgffom® Mazimum dlowable stress in the leather iz 25
koffem®. Coefficient of friction hetween leather and pulley is 0.3, Assume open belt drive and
neglect the sag and slip ofthe belt.

15

4. {a) An overhanging pulley of 1 meter diameter and weighting 100 kof transmits 45 HP at 140
EFM, the sides of the helt heing wertical. The ratio of tensions 1z 2: 1 and 1f the mammum
tensile and shear stresses are limited to 200 and 600 kgffcm® respectively. Find the diameter
of the shaft. The centre of the pulley 15 35 cm from the nearest hearing

25

(b} A truck weighing 2500 kaf and moving at 2.5 misec has to be brought to rest by a buffer
Find how many springs each of 25 coils wall be required to store energy of motion during
compression of 20 cm. The spring 15 made of 25 mm diameter steel rod coiled to a mean
diamneter of 20 cm. (N =1 = 10° kg ficm®).

15
SECTION -C
5. (a) For each of the following mention briefly (1) principle of operation, (i) field of application:

ld

1. Electro-slag welding process

2. Bubmerged arc welding

3. Plasma arc welding

4. Ultrasonic welding,

(k) Explain warious high welocity forming methods and mention the principle involved in each

process with their application in practice.

12

{c) What 15 the main function of nsering in castngs? Using fundamental prinoples of metal
solidification, explain any two methods of amiving af nser calculation for obtaning a sound
casting. 12

. (a) Explain the impact of hot machining, Eotary machining and High speed machining in metal
cuthing field and mention their applications.
ld
{h} Distinguish hetween:
12
1) Counter sinking and counter horinng
f11) Mandrel and arhor
(1)  Tap and die
fiv)  Gear shaping and gear hobhing,
{c) Duscuss the following methods of surface fimsh evauation stating thewr merits and dements:
1) CLA Value
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{11) EME Vaue
1) Rz Value.
Sketch an instrument capahle of indicating the surface finish.
12
7. (4] Consider two different types of foodstuffz say Fy and Fa
Assume that these foodstuffs contan witamins Vi, Vi vitaming are | mg of Vi, 50 mg of Va
and 10 mg of Vs respectively. Suppoze that the foodstaff Fi containg 1 mg of Wy, 1 g of V7,

100 mg of Vy and 10 mg of Vs and 100 mg of V5. Cost of one unit of foodstuff Fyis Bs. 2.0
and that of Fy 1z Ra. 2.5

Find the minimum cost diet that would supply the body at least the minimum
requirement of each witarin.

15
i) At a Ralway Station, only one train 13 handled at a time. The ralway vard 15 sufficient only
for two trains to wait while the other is given signal to leave the station. Trains arnive at the

station at an average rate of 6 per hour per hour. Assuming Poisson anvals and Exponential
service distribution, find the steady state probahilities for the varous number of trans 1n the
system. Also find the waiting time of a new train coming into the yard.

15
(c) Explain wath algorithm to solve LP problem using sitnplex method.
1n
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