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How machine is different from mechanism. State Grashof's law and discuss the
condition for whi_ch at least one link to make a full revolution.

(i) Discuss double slider crank chain mechanism and its inversions.

7 ‘ [6 + 6 marks]
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A punching machine carries out 8 holes per minute. Each hole of 45 mm in 35 mm
thick plate requires 9 Nm of energy/mm? of the sheared area. The punch has a stroke
of 100 mm. Find the power of the motor required if the mean speed of the flywheel is
25 m/s. If total fluctuation of speed is not to exceed 3.5% of the mean speed, determine
the¢-mass of the flywheel.
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® gy R

(i) Explain the differences between the flywheel and the governor:

(i) Define the term interference. Discuss the methods that can be used to avoid

interference.
[6 + 6 marks]
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The exhaust from a single cylinder four stroke diesel engine is connected to a silencer
and the pressure therein to be measured with a simple U-tube manometer. Calculate the
minimum length of a manometer tube so that the natural frequency of oscillation of the
liquid column will be 3.25 times slower than the frequency of pressure fluctuations in
the silencer for an engine speed of 540 rpm.

{12 marks]
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Distinguish between the pressure angle of a radial cam and that of a spur gear with the
help of neat diagram.
[12 marks]
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Q.2 {a)

A machine has a total mass of 120 kg and unbalanced reciprocating parts of a mass 2 kg
which moves through a vertical stroke of 90 mm with simple harmonic motion. The
machine is mounted on four springs. The machine is having only one degree of freedom

and can undergo vertical displacement only. Calculate the combined stiffness of the

1
springs if the force transmitted to the foundation is 5ot of the applied force. Neglect

damping and take the speed of rotation of the machine crank-shaft as 900 rpm. When the
machine is actually supported on the springs. it is found that the damping reduces the

amplitude of the successive free vibration to 70%. Determine:
(i) the force transmitted to the foundation at 900 rpm.
(i) the force transmitted to the foundation at resonance, and

(iii) the amplitude of the forced vibrations at resonance.
[20 marks]
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Q.2 (b)

(i) Define arc of contact and deduce the expression to find its magnitude.

(ii) Each of two gears in a mesh has 54 teeth and a module of 8 mm. The teeth are of 20°
involute profile. The arc of contact is 2.3 times the circular pitch. Determine the
addendum.

[10 + 10 marks]
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Q.2 ()

The driven shaft has a moment of inertia 3 g-m? and is inclined at 25° to the axes of the
driving shaft. If the driving shaft rotates at 2700 rpm with a steady torque of 280 Nm,
determine the maximum fluctuation of output torque. Also, determine the maximum

and minimum torque at driving shaft.
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3 (a)| A door having mass moment of inertia of 19.25 kg-m? is fitted with an automobile door
closer. The door opens against a spring with a modulus of 2 kg-cm/radian. If the door is
opened 90° and released, how long will it take the door to be within 2° of closing? Assume

the return spring of the door to be critically damped.

[20 marks]
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3 (b) | A quick return mechanism of the crank and slotted lever type shaping machine is shown

in figure below. The links dimensions are as follows:
0,0, =800 mm; O,B =300 mm; O,D = 1300 mm; DR = 400 mm
The crank O, B makes an angle of 45° with the vertical and rotates at 40 rpm in anticlockwise

direction. Determine:

(i} the velocity of ram, and
(i) the angular velocity of link O,D

Tool

\ {a) Canfiguration diagram

[20 marks]
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Q.3 (c}| The length of each connecting rod of a 60° V-engine is 240 mm and the stroke is 120 mm.
The mass of the reciprocating part is 1.2 kg per cylinder and the crank speed is 3000 rpm.

Determine the values of primary and secondary forces.
[20 marks]
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Q4 (a)

Each wheel of a four-wheeled rear engine automobile has a moment of inertia of 2.5 kgm?
and an effective diameter of 640 mm. The gear ratio of engine to back wheel is 3 to 1. The
rotating parts of the engine have a moment of inertia of 1.25 kg-m?. The engine axis is
parallel to the rear axle and the crankshaft rotates in the same sense as the road wheels.
The mass of the vehicle is 2500 kg and the centre of the mass is 560 mm above the road
level. The track width of the vehicle is 1.6 m. Determine the limited speed of the vehicle
around a curve with 80 m radius so that all the four wheels maintain contact with the
road surface.

[20 marks]
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Q.4 (b)

The arms of Hartnell governor are of equal length. When the sleeve is in the mid-position,
the masses rotate in a circle with diameter of 160 mm (the arms are vertical in the mid-
position). Neglecting friction, the equilibrium speed for this position is 390 rpm.
Maximum speed variation, taking friction into account, is to be 5% of the mid-position
speed for a maximum sleeve movement of 40 mm. The sleeve mass is 6 kg and the
friction at the sleeve is 36 N. Assuming that the power of the governor is sufficient to
overcome the friction by 1% change of speed on each side of the mid-position, determine
the

(i) mass of each rotating ball

(i} spring stiffness

(iii} Initial compression of the spring

Neglect the obliquity effect of arms

[20 marks]
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i

Q4 ()] () Make a comparison of cycloidal and involute tooth forms.
(i) The number of teeth in-the gear train shown in figure below are as follows:

Ts =18, TP= 24, T.=12,T, =72

I

P and C form a compound gear carried by the arm ‘2’ and the annular gearﬁi is held
stationary. Determine the speed of the output at “a’. Also, find the holding torque
required on A if 6 kW is delivered to S at 840 rpm with an efficiency of 95%. In case
the annulus A rotates at 100 rpm in the same direction as S, what will be the new

speed of ‘a’?
A
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5 (a)

Section : B
A vertical rectangular gate, 5 m high and 3 m wide, has water on one side to a depth of
3 m and a liquid of specific gravity 0.85 to a depth of 2 m on the other side. Calculate:
(i) total pressure exerted on each side of the gate and

(i) resultant hydraulic pressure both in magnitude and point of application with respect
to the bottom., e

[12 marks]
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Q.5 (b)

In a centrifugal pump, the outside diameter D, is twiee the inner diameter D,. For this
condition, show that the minimum diameter of an impeller which will enable it to pump
water to a head H, metres at a speed of N rpm at a manometric efficiency of 0.75 is

D, =846 ‘/?

where H, is theoretical head generated by a centrifugal impeller.
[12 marks]
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Q5 (q)

Define Lambert’s cosine law of radiation and prove that intensity of radiation is always

constant at any angle of emission for a diffused surface.

[12 marks]
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Q.5 (d)

Describe briefly the working principle of the vortex tube refrigeration system. Also, write

the general expression for C.O.P. of the vortex tube.

[12 marks]
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Q.5 (e)

A closed tank 2 m x 2.5 m in plan % 4.5 m high weighing 1250 N is filled with water to
a depth of 3 m as shown below. A hole in one of the side walls has an effective area of
7.5 cm? and is located 20 cm above the tank bottom. If the coefficient of friction between
the ground and the wheels is 0.015, determine the air pressure in the tank that is required
to set it into motion.
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Q.6 (a}| An inward flow reaction turbine with vertical shaft operates under a net'head.of 25 m
and consumes 10 m®/s of water while running at 250 rpm. The inlet angle of runner vane
is 115° measured from the direction of runner rotation. Entry of water to the runner is
without shock and with a velocity of flow 6.5 m/s, and to the draft tube is without whirl
and with a velocity of 6 m/s. Discharge velocity from the exit of draft tubeis 2.5 m/s.
The height of the runner entry surfacejs 1.5 m and the entrance to the draft tube is 1.2 m
above the tail race level. Assuming a hydraulic efficiency of 90% and mechanical efficiency
as 95%. Make calculations for |

(i) diameter of the runner at entry surface.

(ii) pressure head at entry to the runner and at entrance to the draft tube if friction loss
in the runner is 0.9 m and that in the draft tube is 0.6 nrof water.

(iii) specific speed of the turbine runner,
[20 marks]
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Q.6 (b)

(i)

(i)

Write the assumptions made in Nusselt’s analysis of laminar film condensation on
a vertical plate.

An electric wire of 1.5 mm diameter and 250 mm long is laid horizontally and.

submerged in water at atmospheric pressure. The wire has an applied voltage of
20 V and carries a current of 45 ampere. Calculate

1. The heat flux, and

2. The excess temperature

The following correlation for water boiling on horizontal submerged surface holds
good:

Q 0.75
h= 1.58(2] = 5.62(At,)> W/m?2°C

where, Af, denotes the excess temperature.
[8 + 12 marks]
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6 (c)

An air-conditioned space is maintained at 27°C DBT and 50% relative humidity. The
ambient conditions are 40°C DBT and 27°C WBT. The space has a sensible heat gain of
25 kW. Air is supplied to the space at 7°C saturated. Calculate

(i) Mass of moist air supplied to the space in kg/h;
(i) Latent heat gain of space in kW;
(iii) Cooling load of air washer in kW if 30% of the air supplied to the space is fresh, the

remainder being recirculated.
[For moist air, take Com = 1.022 K]/ keK; hfg = 2500 kj/kg]
[Use Psychrometric chart attached)|
[20 marks]
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7 (a)

A counter-flow concentric tube heat exchanger is used to cool the lubricating oil for a
large industrial gas turbine engine. The flow rate of cooling water through the inner
tube is 0.2 kg/s, while the flow rate of oil through the outer annulus is 0.5 kg/s. The
inlet and outer temperatures of oil are 90°C and 60°C, respectively. The water enters at
25°C to the exchanger. The inner tube diameter and outer annulus diameter are 25 mm
and 50 mm respectively. Neglecting tube wall thermal resistance, fouling factors and
heat loss to the surroundings, calculate the overall heat transfer coefficient and length of
the tube. Assuming uniform temperature along the inner surface of annulus. Take the

following properties at the bulk mean temperature:
Engine oil : ¢, = 2120 ] /kgK, p = 0.0325 N-s/m? k = 0.14 W/mXK

Water : ¢, = 4180 ] /kgK, pu = 725 x 10° N-s/m? k = 0.625 W/mK, Pr = 4.85
[20 marks]
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7 (b)

Air at 12°C DBT and 70% RFH is to be heated and humidified to 36.5°C DBT and 21°C
WBT. The air is preheated sensibly before passing to the air washer in which water is

recirculated. The relative humidity of the air coming out of the air washer is 70%. This

\ air is again reheated sensibly to obtain the final desired condition. Determine:

\(‘i)\ Temperature to which the air should be preheated.
(i) Total heating required.
(iii)y Make up

ater required in the air washer.

{iv) Humidifying efficiency of the air washer.

[Use Psychrometric Chart Attached)]

[20 marks]
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A converging two-dimensional channel of length 1.5 m has a linear area variation. The
depth of channel at inlet and outlet are 0.5 m and 0.2 m respectively. The flow rate of
incompressible fluid is constant at 0.95 m®/s per metre of channel width. Specify the

and it increases

the rate of 0.18 m?/s per unit width of channel.
‘\ [20 marks]
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8 (a)
N

A propeller turbine has been designed to develop 25000 kW under a head of 25 m, while
running at 160 rpm. The relevant data is :

draulic efficiency = 92%

Outer diamete ‘\5 m

Hub diameter = 2 m ™.

Determine the runner vanéngles at the hub and at the outer periphery. Assume that the
turbine discharges without whirl-at exit.

[20 marks]
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8 (b}

Consider two large parallel platés, one at 1200 K with emissivity 0.7 and other at 300 K
having emissivity 0.6. A radiation shield is placed between them. The shield has
emissivity as 0.1 on the side facing hot plate and 0.3 on the side facing cold plate. Calculate

the percentage reduction in radiation heat transfer as a result of radiation shield.

[20 marks]
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8 (¢)
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A double acting single-cylinder reciprocating pump of 20 cm bore and 50 cm stroke
runs at 40 rpm. The pump draws water from a sump 1 m below the pump through a
suction pipe 10 cm in diameter and 2.5 m long. The water is delivered to a tank 35 m
above the pump through a delivery pipe 10 cm in diameter and 40 m long. Determine
the net force due to fluid pressure on the piston when crank has moved through 60°
from the inner dead centre. Neglect size of piston rod and take friction coefficient f=0.0075
for both suction and delivery pipes. Atmospheric head at the location is 10.3 m of water.

[20 marks]
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