BECR ¢laeyp . HHN

Fime Allowed: 3 hours Meocimaen Medts: 200

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

P ER -

1 {a) 0.14 m® of steam at 20 bar and 250°C is expanded reversibly and polytropically to 2 bar Find
the fina temperature, work done heat transferred and change of entropy, if the index of
expansion is 1.25

(b} The specific heats of a gas are of the form op = a+ kT and oo =b + KT, where & b and k are
constants and T is in K. Derive the formula T v* ™ €% = constant, for adiahatic expanson of
the gas.

{c) A closed system contains 0.5 kg of ar It expands from 2 bar, 60°C to 1 bar, 40°C. Curning
ezpansion it receives 2 kI of heat from a reservoir at 100 C. Assuming atm, aspheric
conditions to be at 0.95 bar and 30* C, calculate (1) the masmmum, work, (1) work done an
atmosphere, and (111) change in availahility.

2. {a) Frove that for the same compression ratio the Otto cycle 15 more efficdent than the Diesel
cycle.

(b} Sketch and explain the worlang of a simple carburetor. Also explain how the slow running
and compensating jets work,

() The wolume ratos of compression and expansion for a Diesel engine as measured from an
indicator diagram are 153 and 75 respectively. The pressure and temperature at the
beginning of compression are | bar and 27°C. Assuming an ideal engine, determine the mean
effective pressure, the ratio of mammum pressure to mean effective pressure and the cycle
efficiency.

Alzo find the fuel consumption per KWh 1f the indicated thermal efficiency 15 0.5 of 1deal
efficency, mechanical efficiency 0.8 and calonfic value of o1l 42000 klikg

3. (a) What do yvou understand by nuclear fission? What are the essential requiretnents to cause

nuclear fission? Draw a neat diagram of a unclear reactor and explain the function of
different components.

)] Followang observation’s were made duning the trial of a gas fired boiler of steamn power plant.
Generator output 50000 kW
Steamn conditions pressure ... 50 bar, temperature 500°9C
Feed water ternperature .. anec
Steatn output fi5 legfs
Fercentage composition ... CH= 945
of fuel (natural gas), ... . CHy;=05
by wolutne {rest incombustibles)
Higher calonfic walue ... .. 35700 klfm® at
ofgas 1.013har and 15°C
Tas consumption ... 6.5 mfs

Calculate the hoiler efficiency and the overall thermal efficiency hased on the lower calorific
value of the, fuel.
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4. {a) Idention the types of nozzles you know. Where are these used?

(k) From first principles, prowve that masimum discharge per unit area in a steam nozzle at the

throat 1z @iven by the expression

w1 T

s Hﬂ( 2 ]H—l
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where pp and v are pressure and specific volume at the inlet and risthe index of expansion.

() At aparticular ring of areaction turbine having 50% degree of reaction, the blade speed 1z 70
tnfs. The tass of steam 13 5 kgfs. dry saturated at 1.5 bar, Both fized and mowving blades have
inlet and ezt angles of 352 and 207 respectively. Detennine

{1 the power developed in KW by the par of rings,
i) thehlade height, which 15 to be one-tenth the mean hlade ring diameter,
fi1)  theheat drop by the pair if the steam expands with an efficiency of 80%%

5. (a) Given the radial equilibrium equation in the form
d_rl
dr g r

where Vi 15 the tangential component of velocity of a gas element of density p a a radivsr,
the pressure heing p, derive the free vortex equation stating dearly the assumptions made.

i) A centrifugal compressor has a pressure ratio £ 4/1 with an 1sentropic efficiency of 82% when
running at 16000 rpm. It takes in ar at 17°C, CGwide vanes at inlet give the ar a pre-whirl of
207° to the amal direction and radii and the mean diameter of the eve 13 200 mm, t absolute air
velocity at inlet 15 120 mis. At emt the blades are radically inclined and the impeller tip
diameteris 550 mm. Calculate the slip factor of the compressor.

{c) Describe wath aneat sketch the worlang of aturbojet engine.

. (a) What 15 effective temperature * Sketch a comfort chart and explan its significance.

{h} The properties of ar in a room are temperature 35°C and relative humidity 70 per cent.
Determine (1) the partial pressure of ar, (1) the humidity ratio, (1) the saturation ratio, (iv)
dew point temperature, (v) density of the air-wapour mixture, (vi) the enthalpy of misture per
ko of diy ar. Assume room pressure to be 1.0132 bar and the specific heat for the super-
heated vapour as 1,863 klikg K. Solve the problem wath the help of stearn tables.

(c) A Freon -12 refrigerator producing a cooling effect of 20 kIis operates on a simple cycle with
pressure lirnits of 1.509 bar and 9607 bar. The wapour leaves the evaporator dry saturated
and there iz no under cooling. Deter V mine the power required by the machine.

If the compresszor operates at 3000 rpm and has a dearance volume of 3% of stroke volume

determine the piston displacement of the compressor. For compressor assume that the
expaision follows the law pv' = = constant,
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7. (a) Denve the equation for temperature distnbution in a fin with an insulated tip. Then obtain an

expression forheat dissipation be integrating the convective losses along its surface.

{h} Define the terms NTU and effectiveness. Denve an expression for effectiveness of a
counterflow heat exchanger in terms of NTU and capacity ratio.
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{c) Show. that the heat ermtted per unit area from a black body in the hemisphere above the body
surface 1z given by oy = wl where [ 15 the black body radiation emitted per unit time and solid
angle subtended at the source, and per unit area of emithing surface nonmal to the mean
direction in space.

8. {a) Define the terms houndary layer thickness, displacement thickness and the momentum
thickness and discuss their practical utility

(b} Obtain an expression for the specific speed of a hydraulic turbine and explan its
significance. Give the range of specific speed walues of the Kaplan, Francis turhines and
Pelton wheels.

{c) A centrifugal pump has an impeller with mner and outer diameter of 150 and 250 mimn
respectively. The pump delivers 0.05, m’fs of water when running a 1500 revitwn. The
velocity of flow through the impeller remains constraint at 2.5 mfs. The blades are curved
hack at an angle of 30 to the tangent at exit and the inlet 12 axial. The diameters of the suction
and delivery pipes are 150 min and 100 i respectively. The pressure head at suction 154 m
below and that at delivery 15, 13 tn above atmosphere. The power required to drive the pump
iz 18 KW

Find

1) the vane angle at inlet

1)  the overall efficiency, and
1) the manometer efficiency.
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SECTION A

State Grashof s criterion for atmmovability of a four bar linkage.

In an experiment on forced wibration response of a single degree of freedom system, it 1=
found that half power points lie at frequencies 40 and 44 Hz. Find the damping factor of the
systemmn.

Mame any two centrifugal gowvernors, which are gravity controlled. State which one 13 more
sensitive

Inreference to a cam-follower mechanism define

{1) Pritne crcle (1) pressure angle.

The elastic and shear module of an elastic material are respectively 2 x 10" Pa and 8 x 10"
Pa respectively. Determine Poisson’s ratio ofthe material

A uniform beamn of length L is carryving a uniformly distributed load w per unit length and 15
simply supported at its ends. What would be the maxzimum bending moment and where does
it occur?

Euler’s critical load for a column wath both ends binged s found as 40 kN, What would be the
change in critical load, 1f its hoth ends re fized ?

A thin cylindrical wessel of internal diameter d and thickness t iz closed at both ends and 13
subjected to an internal pressure p. How much would be the hoop and longitudinal stress in
the mater1al?

A power screw has a helix angle @ and coefficient of fiction p Express the condition to be
satisfied by the screw to be self locking.

State the modes ofloading on a steel key connecting a belt drven pulley to shaft.
What are the main constituting elements of brass and phosphor hronze?

Group the following materials into thermoplastics and thenmoses PVC, Balkelite, Teflon
Formica

How tnuch surface roughness is denoted by the following?

Mame the fortn of welds, which are represented symbolically as

o 1
W T

In at turning operation determine the material removal rate, if depth of cut = 2 mm, feed per
revolution = 0.5 mm and the surface velocity of the job piece = 50 mitmnute.

Mame any two advantages which a hot working process has over the cold worliing process.
List any two advantages of Rowan plan of wage incentive for direct workers.

In a PERT analysis, the critical path of a project is of 120 day with a variance of 16 (days)®
Determine the 95%% confidence limits of the project completion time.
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{z) There are two car manufactuning factones & and B, producing same model of cars. They are
emploving 1200 and 3000 workers and producing 15 and 50 cars per month respectively.
Find ahour productivity of each firm.

{t) What 15 a compiler in a computer?
(2 % 20)
SECTION -B

2. (a) A zolid shaft of diameter 3 om 12 fized a one end. Itis subjected to a tensile force of 10 kN
and a torgque of A0 M. At apoint on the surface of the shaft, determine the principal stresses
and the mammum sheating stress

(15)

{h} The equation of the turming moment for a three crank engine 15 T, = 25.0 -7.5 asn 36 kNm,

whete 812 the crank angle measured from inner dead centre. The resisting torgque exerted hy,

the driven machine i3 given by Ty = 25.0 + 3.6 sin 8 kN m. The moment of inertia of the

flywheel iz 360 kg m® and the mean engine speed is 450 rpm. Cal culate

1) power of the engine

f)  manmum Quctuation of dywheel energy per cyce, and

{(i1)  the coefficient of fluctuation of speed.

(25)
3. {a) The link of a mechanism 1z subjected to aml compressive force. It has solid circular cross-
section with diameter 9 mim and length 200 mm. The two ends of the link are inged. Itis
made of steel having vield strength = 400 mm® and el astic modulus = 200 kN/mm®* Calcul ate
the critical load that the link can carty. Use Johnson™s equation.

(16
i) An automotive single-plate clutch consists of a pair of contacting surfaces The inner and
outer diameters of faction plate are 120 mim and 250 mm respectively. The coefficient of
frictionis 0.25 and the total axial forceis 15 kN, Calculate the power transmithing capamty of

the clutch plate at 500 rpm using (1) unform wear theory and (1) uniform pressure theory.

24

4. (4] An epicyclical gear train as shown in Fig 1 has a sun wheel 5 of 30 teeth and two planet
wheels P-F of 45 teeth. The planet wheel s mesh wath the internal teeth of a fized anmilus &

The drwving shaft carrving the sun wheel transtits 4 KW at 360 rpm. The driven shaft is

connected to an arm, which carnes the planet wheels Determine the speed of the driven shaft
and the torque transmatted, 1f the overall efficency 1z 95%%.

(16)

(k) A transmizsion shaft sapporting two pulleys A and Bare mounted hetween two hearings C)
and Ty as shown in Fig. 2. Power is transmitted from pulley 4 to B, The shaft 1z made of
plain carhon steel having ultimate tensile strength = 600 Nimm® and vield strength 320
Wimeré. Deterrnine the shaft diameter on the basis of torsional rigidity, if the permissble
angle of twist between two pulleys 15 050 and the shear modulus of the matenal 15 &0
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kN/mm® The permissible shear stress may he taken as 30% of the vield strength or 18% I:If
the ultimate tensile strength, whichever 15 mammum. Check forits - safety.

(24}

SECTION -B

5. {a) Discuss the factors, which govern the selection of a matenal for amachine component.

(13 &

(k) Descrihe hriefly different stages of tempering process in stesls.

(12) §
() What are the principal uses of (1) low carbon (1) mediuim carbon and (111) high cartbon steels?

Mention alzo the amount of carbon present in these steels.

(15) &
6, {a) What 15 upset forging and how 15 1t done? What are their linutations?
: (10y ¢
{h} Explain the working principle of ECM. Discuss how the machining rate in this process is &
affected by the following: (1) rate of flow of electrolyte (11) temmperature of electrolyte (1)
applied voltage hetween tool and workpiece i

@0 &
{c) Describe briefly the operation of a machining centre.
: (10
7. {a) Ifin alot 10 percent components are found defective, find the probability, that in a random
i sample of 5 components not more than one 13 defective.
(12

(b} Describe clealy the function of routing, scheduling and dispatching

(12 §

() What iz ABC analyais? Describe briefly the procedural steps taken in this analysis.

(e
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