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Time Allowed: 3 hours Maximugn Marks: 200

Cancidates should attempt any FIVE guestions. Assume sugtable data i nmecessary, and indicate them
clearfy Ure af Steam Tables, Psychrometric Chart and Reffigeration Tables iz permitted

Forar R=0287klkg-K, Cp=1005klks-K
=14 M=289%6kgksmole

1. (a) Derive the following Clapeyron and Clausiuz-Clapeyron equations:
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E=T(Vg_ﬁ) g AT

Exzplain the physical sgnificance ofthese equations.
(10}

{h} A heat pump operates hetween two identical bodies. In the heginning, hoth the bodies are a
the same temperature T; but operation of heat pump cools down one of the body to
ternperature Tz, Show that for the operation of heat pump the ranimum work input needed by
the heat pump forunitimassis given

7l
W, =¢ [T_1+ T, - 2?’1:|
2

where ¢ i3 the specific heat ofbodies.

Discuss whether the systetn satisfies first and second law of thermodynamics or not.

(10}
() A large vessel contains steam af a pressure of 20 bar and a temperature of 350°C. This large
vessel 15 connected to a steam turbine through a valve followed by a small initially evacuated
tank with a volume of 0.8 m®. During emergency power requirement, the valve is opened and
the tank fills wiath steam until the pressure 13 20 bar. The temperature of the tank 1z then
400°C. Assume that the filling process takes place adiabatically and the changes in potential
and linetic energies are negligible By drawing the control wolutne, calculate the amount of
work developed by the turhine in kJ.

(20)

2. {a) What does a catalyst perform in a cataytic convertor ? Discuss the oxmidabon and reduction
reactions that are taking place in a convertor. Why 1t 13 preferred to use unleaded petrol 1n
cars equipped with a catalytic convertor system?

(15)

(k) “Factors which increase detonation in 5.1 engine tends to reduce knocking in C.1 engines™,
dizcuss the validity ofthe statement.

(05)
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{c) A ax cylinder, four stroke spark-1gnition engine of 10 cm = 12 cm (horefstroke) wath a
compression ratio of 6 15 tested at 4300 mpm on a dynamometer of arm 55 cm. Duning a 10
minmutes test, the dynamometer reads 45 kg and the engine consumed 5 kg of petrol of
calorific walue 45 MJ/ kg. The carburetor receives the air at 23" C and 1 bar at the rate 0f 10
kofmm. Calculate:

(1) the brake power
(1) thebrake mean effective pressure
{1}  the brake specific fuel consumption

{iv)  thebrake specific ar consumption

() the brake thermal efficiency
(i)  the air fuel ratio

(20}

3. {a) List the factors which are considered in the optitmum design of fins.

(3)

(k) An electronic setmni-conductor device generates heat equal to 480 x 107 W. In order to keep

the surface tetnperature at the upper safe lirt of 70°C, the generated heat has to be dissipated

to the surrounding which 15 a 30°C. To accomplish this task, aluminium fins of 0.7 mm

souare and 12 mm long are attached to the surface The thermal conductwity of aluminium

fins is 170 WimEK. If the heat transfer coefficient is 12 Wim* K, caloulate the number of fins
required. Assume no heat loss from the tip of fins

(7)

(c) A commercial aeroplane 18 modelled as a flat plate which 15 1.5 m wide and 8 m long in size.
It 15 maintained at 20°%C. The asroplane 15 flving at a speed of 800 lan'b 1n ar at 0°C and 60
cm of Hg pressure. Calculate the heat loss from the wang 1f the flow 15 made parallel to the
width of the wing Take thermo-physical properties of air at the mean film temperature of 10
o as

K=2511%10" Wimnk,
W=1416% 10° m®s, B, =0.705.

(15

(d) An electrically heated industrial firnace cavity 15 modelled in the form of a cylinder hawng
diammeter 10 cm and length 20 cm. It 15 opened at one end of surroundings that are at a
temperature of 300 K. The electrically heated sides and the bottom of the cawvity which are
well insulated and may he approzimated as black bodies are maintaned at a temperature of
1800 K and 2000 K, respectively. By showing the sketch of the furnace, find the power
required to mantain the surface at this condition. Take shape factor from the hottom surface
to surroundings as 0.06.

(15)

4. (a) Discuss in detal the factors affecting the performance of vapour compression refrigeration
cycle.

(15)

(b} Explain how a refrigerant produces cooling effect. What are the good qualities of refrigerant?
Mame the refrigerant which does not destroy ozone layer.

(10

{c) 10 tons of refrigeration is required for a food storage space to keep the food stuff cool. The
refrigerant used in the plant iz Freon-12 and iz subcooled by 52C hefore entering in the
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expansion walwve. The temperature of evaporator and condenser are —8°C and 30°C
respectively. The vapour 15 supetheated to 6°C hefore leaving the evaporator coil. The
compressor 15 of two cylinders, single acting type having stroke equal to 1.5 times the bore.
The compressor tuns at 800 rpm and the compresson 18 assumed to he isentropic. Estimate
the following:

{1 refrigerating effect per kg
(1)  mass Howrate of the refrigerant
fi1)  theoretical piston displacement
fiv)  theoretical power
) C.0.P and
{wi)  theoretical hore and stroke of the compressor
(15)
5. {a) Ohtain an expression for discharge through an orfice meter,
(10)

(k) A hollow cylinder of 1 m long has an internal diameter and external diameter equal to 0.4 1n
and 0.6 m, respectively and both ends are open. Assuming the weight of the cylinder as 700
I, analyse whether the cylinder would be stable while floating 1n water with 1tz as vertical.

(10)
{c) Show that the hydraulic efficiency of a Pelton turbine 15 masimum when penipheral wheel
velocity 15 half the absolute velocity of jet at inlet.
Further, show that 1y, me = %
where K 15 the friction factor.
Idention the criteria for selecting water turhines for hydel power plant.
fi. {a) Develop an expression for the pressure loss across a conical contraction of diameter Dy and
D in a given length L for alaminar flow. Explain the physical sgnificance of equation.
(10)
)] Do vou need pritning in a gear pump 7 Give the reasons for yvour answer,
(5)
() Explain the separation of flow and discuss the methods uzed for controlling of separafion in a
diffuser.
(10)

{d) A centrifugal pump is to discharge 0.2 m®/s at a speed of 1400 rpm against a head of 25 m.
The impeller diameter 13 0.3 m, its width at outlet1s 0.05 m and the manometric efficency 1s
80%. Determine the wane angle at the outer periphery ofthe impeller and lahel the angle by
sketching the impeller.

(15)

7. {a) What do you mean by supersaturated flow through steam nozzles ? Discuss the causes of
super-saturation phenomena.

(1)

{h} What 15 the hasic pnnciple of regenerative feed heating in steam power plant cycle? Sketch a
practical feed heating system for a 500 MW steam turbine and label 1t
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(10)

{c) A blade group in a Parson’s reaction steam turbine 15 of constant height. The turbine develops

60 MW running at 3000 rpm. The imtial steam pressure and temperature entenng the turhine

are 50 har and 400%C and the back pressure 12 70 ctm Hg The efficency ratio of turbine 1z

T0%. The mean hlade vel ocity in the group is 120 mfs. The average specific wolume of steamn

in the group may he taken as 0.62 m*kg By drawing the velocity diagram, calculate the
following:

{1) mass lowrate of steam
1)  heaghtofblade

fi1)  dnun diameter

fiv)  moving outlet hlade angle

Agsume the ratio of hlade velocty to steam velocity as 0.55 and the nozzle (fized hlade)
angleis 20° Meglect the tip leakage and mechanical losses.

(20)
g, (a) Why should no motsture flow along with stearn from the drum to the superheater and why is
no vapor bubble desired to flow along with saturated water from the drum to the down
comers ?

(5)

{h} With the help of aneat sketch discuss the working principle of Velox high pressure hoiler.
(15)
(el A simple open cycle gas turhine has a compressor turhine and a free power turhine It

dewelops electrical power output of 250 MW, The cycle takes 1n air at 1 har and 288 K. The
total compressor pressure ratio 12 14, The turbine inlet temperature 15 1500 K. The total to
total isentropic efficiency of compressor and turbine at 0.86 and 089, respectively. The
mechanical efficiency of each shaft 15 0.98. Combustion efficiency 15 0.98 while combustor
pressure loss 15 3% of compressor delivery pressure. The exhaust pressure loss 15 0.03 har
Alternator efficiency 15 0.98. Take calorific value of fuel equal to 42,000 klikg, Cp, = 1.005
kelflegi and Cp=1.15 klfkgll

Calculate the foll owing

{1 air-fuel ratio

{11} specific work output

{1ii)  specific fuel consumption
fiv)  mass Howrate of air

() cycle thermal efficiency.
(20)
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Time Allowed: 3 hours Maximum Marks: 200

Canclidates showld attempt Cusstion § in Section A’ which is compulsary TWO guestions from Section ‘B’
arad TW O guestions from Sectian 'O

Crestion | is of short answer ype, limiting answer of each part to 30 wards Assume sudtable data, if
mecessary and indicate the same clearly.

SECTIOM A

1 {a) Which one of the three shafts listed here has the highest ultimate tensile strength 7 What 13

the approximate cathon content in each stesl 7
1) Ilild steel
{11) Cast iron
1)  Spring steel
)] State the WVon - Mises s theory. Also give the mathemati cal expression
() Why are shafts not made out of cast iron?
{d) When are [-Sections preferred in engineering applicatons? Elaborate your answer.

{e) For the three velooty ratios specfied below which one of the following gear dnive would be
preferahle for transmitting power with reductions at4, 20 and 70 ¢

The drives are single stage spur gear reduction, single start warm drive and triple start warm
drive.

(f) In a single involute gear already mamufactured of the three diameters given helow two are
pre-determined.

Which are those two? Substantiate your answer. The three diameters given are adandem
circle diameter, pitch circle diameter and base circle diameter.

=y In an epicyclic gear train the number of planets 1n any row has to be more than one Do you
agree or disagree. Why?

{h) In a typical power transmission from an induction motor runmng at 1440 rpm to an output
speed of 1 rpm. Which order of reduction of the three drives listed helow 12 preferred? Why?

War gear reduction, helt reduction and spur gear reduction.

1) Is the Can in mesh with the follower a case of complete constraint? Substantiate your
answer.

{1 Do you agree that in a four stroke four cylinder I.C. engine the pnmary forces and the
primary couples are in balance? Substantiate your answer,

(k) Dustinguish hetween umlateral and bilateral tolerances for the dimensions Indicate the
tolerance zones for each by taking an example.

{1 What 15 the whole basis and shaft hasis of fits? Which one 1z preferred in practice and why?
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{m)  Whnte the chemica equation for the reaction going on in the oxy-acetylene fame. Where do
vou getthe most part of the oxygen, 15 1t from the cylinder or the atmosphere?

(1) Clearances have to be provided on the press tools, what 15 the order of dearances for shearing
operation and deep drawing operation? O what tool will you provide the clearance in

1) Punching operati on
{11} Blanking operation
(o) What 15 a three high rolling mill? Indicate the movement ofrolls and the work piece.

i) What 15 the basis for Selective Inventory Control? Mention four applications of the same 1in
the Inventory Management.

() What 15 the distnhution followed by the activity durations of a PERT network? Mention its
mean and standard dewiation.

(t) What do yvou understand by tracking signal in forecasting? How 12 1t computed?
(=) Distinguish hetween P—system and Q—system in Inventory Control

(t) What are the characteristics of cellular mamifacturing system?
(23 20=40)
SECTIOM E
2. {1} An antrifiction hearing used in a gear box has a specification 6108, What do the numbers 6, 1
and 08 signi fy?
(12)

{11} ILention three different methods vsed to prevent an antifriction bearing from sliding amaly
it a shaft at the innerrace and in a bore at the outer race.

(18]
{11} Which one of the three beanings listed below wall you choose to take a heavy aszal load on
the bearing
1) self alioning hall hearing
{11} deep groove hall hearing
1) Thiust hearing,
Give reasons for vour selection
(10}
3. A single eylinder engine and a four cylinder 1n line four stroke engine (both honzontal) are

running at speed of 1500 rpm. Crank radius and connecting rod for both are 100 and 500 mimn
respectively. Reciprocating parts for the single cvlinder engine weigh 160 N and for each of
the four cylinders of the four cylinder engine weigh 40 M. Revolwing masses for hoth single
and four cylinder engines work out to 160 N with a net eccentricity of 0.1 mm. Compute the
following for hoth the engines:

{1 Magnitude, frequency and direction of the predofnant unbalanced force due to the
reciprocating parts.

(18)
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{11) Magmtude, frequency and direction of the unbalanced force due to the revolving
parts.

(18)

(1) If a whration pick up 1z uzed to measure the wihration signals on the frame of the
engine direction in which the signals will he predominant,

(4)
Expression for the piston acceleration is given by efag + a; cos 8+ 3 cos 26 + a

cos 468) where m 15 the crank speed in radfs, r crank radius, & =0, =1, a=0.2 and
as = .00Z, &-the crank angle.

4. A hot rolled steel shaft 1s subjected to a torsional load that vanes from 300 KMNmimn cloctwise
to 100 KMNmim anticlockwise as an applied bending motnent at a critical section waries from
+400 KNmm to 200 KENmm. The shaft 1z of uniform cross-section and no kev-way 1s
present at the cnitical section. Determmine the required shaft diameter by talang factor of safety
1.5 For the material, take ultimate tensile stress as 560 MPa, stress at wield point 420 MPa
design stressis 280 MPa Also take the modification factor as 0.62, size correction factor as
0.85, theload factor for hending as 1 and the load factor for torsion as 058,

(40)

SECTION &

5. (4] What are the velocities which come into existence when a metal 15 cut orthogonally 7 Show
these wvelocties graphically on a wvelocity diagram and detertmine the mathematical
relationship in terms of shear and rake angles.

(b} Dustinguish between ajig and fxture, wath the help of diagrams for at least five each
(40}

é. {a) What are the steps involved in malang of carbide tool bits? What do you understand by the
green density of a metal powder compacted part? What are the chief ments of a hush made
hy tetal powder compaction?

(20}

(k) The demand for a product during the last 10 yvears 12 given helow. Estimate the demand for
the next two vears by the method of regression.

Year | 1 2 3 4 5 fi 7 8 3 1a

Urats | 124 | 135 | 145 [ 150 | 167 | 157 | 161 | 170 | 187 | 168

(15)
{c) Define Value Engineering. What are the conditions conducive to take up VAMNVE study.
(5)
7. (&) In amachine shop, certain type of machines hreak-down at an average rate of 6 per hour. The

hrealdowns are in accordance with Poisson process The estimated costs of idle machine 1s
Esz 15 perhour. Two repairmen A and B with di fferent skills are being considered to be hired
as reparmen. Eepairtnan & tales 81 minutes on an average to repair a machine and his
wages are Es. 8 per hour, whereas the repainman B takes five minutes to repar and the wages
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are Es. 10 per hour. Which repainman’s service should be used and why? Assume the work

shuft of & hours.
(20}

(k) For zvz company, the annual requirement of an itemn 15 2400 units. Each itemn costs the
company R 6. The supplier offers a discount of 5% 1f 500 or more quantities are purchased.
The ordering costiz Bz 32 per order and the average inventory cost 15 16% Is it adwizable to
accept the discount 7 Comment on the result?

(20)
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