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Newvton may be converted to kg using the equality
1 kilonewton ( 1 kN } = 100 kg, if found necessary.
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SECTION - A

1. Answer any three of the following ( each answer should not exceed 200 words ) :
3x 20 =860

@ A system of two inextensible, flexible cables is shown supporting a 10 kN
platform in a horizontal position. What are the inclinations of the cable
segments AB, BC and DE to accomplish this and what lengths should they
be ? Neglect the weight of the segments.

B 6 o9 —— 3
L

‘-l |
IEi

3000N °© 0
A??oDimensions are in mtrs,

(b} The coefficients of friction between the 12 kg block and the 3 kg platform BD
are § .=050and p, = 0-40. Determine the accelerations of the block and of’

the platform immediately after wire AB has been cut.
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{c)

(d)

4

A space satellite of mass m is known to be dynamically equivalent to two thin
disks of equal mass. The disks are each of radius g = 800 mm and are rigidly

connected by a light rod of length 2a. Initially the satellite is spinning freely
about its axis of symmetry at the rate o o = 60 r/min. A meteorite, of mass

m, =m/1000 and travelling with a velocity v of 2000 m/s relative to the
satellite, strikes the satelilite and becomes embedded at C. Determine (i} the
angular velocity of the satellite Immediately after impact, (ii) the precession
axis of the ensuing motion, (iti) the rates of precession and Spin of the ensuing

motion,

Derive the response of a system with single degree of freedom. free vibration
for overdamped, critically damped and underdamped condition. Also derive

the logarithmic decrement.
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(a}

(b)

(a)

{b)

6
Four masses W, =100 kg, W, = 175 kg, W . =200 kg and W, = 125 kg are

fixed to the cranks of 20 cm radius and revolve in planes 1, 2, 3, 4. The
angular positions of the cranks in planes 2, 3 and 4 with respect to the crank
in plane 1 are 75°, 135° and 200° taken in the same sense. The distances of
Planes 2, 3 and 4 from plane 1 are 60 cm, 180 cm and 240 cm respectively.
Determine the position and the magnitude of the balance weight at a radius of
60 cm in plane L and M located at the middle of planes 1 and 2 and the
middle of planes 3 and 4 respectively. 30

A train of spur gears is required to give a total reduction of 250 to 1 in four
steps. No pinion is to have less than 20 teeth and the diametrak pitches are to
be 5 for the first step, 3-5 for the second, 2.5 for the third and 1.5 for the
fourth. The centre distances must not involve recurring decimals. Find the
numbers of teeth, the pitch-circle diameters and the centre distances for a
suitable train of gears. 30

The turmming moment diagram for an engine is drawn to the following scale :

1 cm = 3-1 tonne metres and 1 cm = 16° The area of loops above and below
the mean torque line taken in order are + 0-77, — 219, + 5-88, - 5.22,
+0-97, - 1.16, + 12:0 and - 11.05 cm 2. The mean speed of the engine is
300 r.p.m. and the permissible fluctuation in speed is + 2 percent of the
mean speed. The stress in the material of the rim is not to exceed 49 kg/cm?
and density of its material is 7-2 gm/cm ®. Assuming that the rim stores

15/16 of the energy that is stored by the flywheels, estimate

) Diameter of the flywheel rim

(i) Area of cross-section of the rim. 30
A belt 10 em wide, 1 em thick running at 1000 m/min has net driving tension

1.7 times the tension on the slack side. Density of the belt material is
1 gm/cm @, Safe permissible pull on the belt is 20 kg/cm 2. Calculate

() Maximum horsepower that can be transmitted
() Absolute maximum horsepower that can be transmitted

(iily Speed at which the absolute max H.P. can be transmitted. 30
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= 100 kg, W, = 175 kg, W, = 200 kg W, = 125 kg o e,
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4, fa) The arms of a Proell governor are 275 cm long and are pivoted on the axis of
rotation. Each ball is carried on an extehsion. 100 cm long, of the lower arm
and weighs 22 kg, The central load on the sleeve is 350 kg. If the ball centres
are vertically above the pinjoints connecting the upper and lower arms when

the radius is 20 cm, calculate the corresponding equilibrium speed. 30

{b) A single plate clutch used in a passenger car has to transmit 100 h.p. at
3000 r.p.m. The spring exerts an axial pressure of 0-75 kgf/cm 2. Determine
the inner and outer diameter of the friction surfaces if the ratio of the two

diameters is 1.5. 30
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SECTION - B

5 Answer any three of the following { each answer should not exceed 200 words ) :

3 x 20 = 60

@ W Wwhat is machinability ?
(i) What are the factors affecting machinability ?
(p) Whatare the ways of evaluating machinability ?
(c) Explain the various characteristics and elements involved in queuing theory.

@ Afirm produces three types of cloth say A, B and C. Three kinds of wool are
required for it, say red wool, green wool and blue wool. One unit length of
type A cloth needs 2 metres of red wool and 3 metres of blue wool. One unit

tength of type 3 cloth needs 3 metres of red wool, 2 metres of green wool and
2 metres of blue wool. One unit length of type C cloth needs 5 metres of green
wool and 4 metres of blue wool. The firm has only a stock of 8 metres of red
wool, 10 metres of green wool and 15 metres of blue wool. 1t i8 assumed that
the income obtained from one unit length of type A cloth is Rs. a/-, of type B
cloth is Rs. B /- and that of type C cloth is Rs. 4/~ Determine how the firm
should use the available material 10 maximise the total income.

6. la Explain the principle and applications of EDM process. 30

(b) Explain how % - R and X - © charts ar¢ constructed. What are its uses ? 30
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(a}

(b}

(a)

{b)

12

(il Discuss how gauges can be classified.

() Explain the principle of any one type of comparator. | 30
{i What is Line balancing ?

{il What is cycle efficiency of line balancing ? How it can be improved ? 30
) Distinguish between orthogonal type and oblique type of metal cutting.

() What is high velocity forming ? How is it different from conventional
forming ? 30

Explain the following cases giving examples as applied to graphical method of
linear programming : 30

(i Alternate optima
(i) Unbounded Solution Space

{lif} No Solution,
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1 kilonewton ( 1 kN ) = 100 kg, if found necessary.
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SECTION - A

Answer any three of the following parts ( answer to each part should not exceed

oo words b

[:n)

s,

(c)

(d)

(@)

{L)

Determine the amount of heat that must be spent to heat polytropically 5 kg of

air from 300 K at a pressure of 4 bar o a temperature of 1000 K at a
pressure of 10 bar. The C of air is 1 kJ/kg-K. 20

Explain in detail about the Laminar and Turbulent tlow velocity distribution
with respect to the fluid properties. 20

Explain the concept of thermal boundary layer with respect to mixing length
and also define the term heat transfer co-efficient. 20

Determine the difference between the inside and outside surface temperatures
of the steel wall of a boiler operated at a gauge pressure of 19 bar. The boiler
wall is 20 mm thick ; bofler feed water temperature is 46°C. Boiler capacity is
25 kg/hour of saturated dry steam per m ? of heating surface. The thermal
conductivity of steel = 50 W/m-K. Barometric pressure is equal to 750 mm
Hg. The boiler wall is assumed to be planar. The absolute pressure in the

750 = 20 bar.

hoiler = Pgauge + Py = 19 + B0

At 20 bar enthalpy of steam = 2799-2 kd/kg

|l

At 46°C enthalpy of feed water 192 kJ/kg. 20

Define Mach number. Explain in detail about the subsonic, sonic. supersonic
and hypersonic flows. 30

A thin smooth plate of 0-3 m width and 1.0 m length moves at 4 m/sec,
velocity in still air of density is 1-20 kg/m 3 and kinematic viscosity
1.49 x 109 m 2/sec. Calculate the drag force on the plate (i) when 0-3 m side
(i) 1.0 m side is parallel to the direction of motion. Why there is a difference
in the drag force under these two conditions ? 30
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3.

(2

(b)

(a)

{b)

4

d 00
A steel tube with diameters a—l = 2556 mm and a thermal conductivity
2

50 W/m-K is covered with two layers of insulating material. The thickness of
first layer is 50 mm and of the second layer is 80 mm while the thermal
conductivity of the first layer 0-2 W/m-K and of the second layer is
0-1 W/m-K. The temperature of the tube’s inner surface = 327°C and that of
the outer surface of the insulation = 45°C. Determine the heat losses through
the insulation for a length of 1 m of the pipeline and also the interface

temperatures between the individual layers. 35

Derive the relation for log mean temperature difference for a parallel flow heat
exchanger. Also compare its effectiveness with the counter flow heat

exchanger effectiveness. 25

By how many times shall the rate of heat transfer by radiation between two
surfaces reduced, if their emission co-efficients are E, = E, =52 W/m2-K*
and if a nickel screen is placed between them with an emission coefficient of
0-4 W/m2-K*. 30

Calculate the coefficient of heat transfer in boiling water and the quantity of
steam produced in an evaporator in 1 hour. if the total surface of the
evaporator is 5 m 2, The temperature of the evaporator wall is 156°C. Steam
pressure is 4-3 bar. At the given pressure the saturation temperature is
148°C. The heat of vaporization is 2120-9 kJ/kg. the difference between the

wall surface and steam temperatures = 8°C. 30
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SECTION - B

Answer any three out of the following four parts. Answer 10 cach pait should not

exceed 200 words :

{a)

{b)

(c)

{d)

(a)

{b)

Explain the construction and working of a fuel injector of a diesel engine and
also derive the relation for velocity of injection in & diesel engine. 20

An inward flow reaction turbine having an external diameter of 1-56 m runmning
at 350 r.p.m-. has a velocity of flow 6 m,/sec at inlet. If the guide blade angle
is 10°, find (1) the absolute velocity of water. (i} the velocity of whirl at intet,
(ii1) the inlet Vane angle of the runner and (iv) the relative velocity at inlet.

20

Explain with a neat sketch, the working of yapour absorption refrigeration

system with its operational limitations. 20
Explain the jollowing factors in detail with proper jljlustrations : 20
W] Sensible heat factor

(i) Room sensible heat factor

i) Grand sensible heat factor.

List the five operating variables that strongly effect the thermal efficiency of an
open cycle gas turbine. Show by diagrams how the thermal efficiency varies

with a change in these operating variables. 30

In a multistage reaction turbin€ at one of the stages the rotor diameter is
1250 mm and speed ratio 0-72. The speed of {he rotor 18 3000 r.p.M-

Determine
@ the plade inlet angle if the blade outlet angle is 22°
(i) diagram efficiency

Gy the percentage jncrease in diagram efficiency and rotor speed if turbine
is designed to run at the best criticai speed. 30
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{a}

(b)

(&)

(b}

8

Explain with a neat sketch, the construction and operation of wind and tidul

power generation systems. 30

Explain in detail about any two Air-conditioning plants’ layout with its merits

and demerits. 30

A refrigerating machine working on reversed Carnot cycle consumes 6 kW for
producing refrigerating effect of 1000 kJ/min for maintaining a region

at - 40°C.

Determine

)  higher temperature of cycle

(i) C.0.P. of refrigerating machine

When this device is used as a heat pump, what will be the head delivered in
kJ/min ? 35

Explain the construction, working and advantages of La Mont boiler and also

indicate the pressure ranges of these boilers. 25





