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Q.1 () [(i) The crank of a crank and slotted lever quick return mechanism is driven at 240 rpm
clockwise, The vertical distance between the centres of rotation of the crank and
slotted lever is 100 ecm. What should be the length of the crank if the quick return
ratiois 1 : 2? Also, determine the angular velocity of the slotted lever when the tool
; post attains maximum velocity during cutting stroke.
(i) Compare involute tooth profile with cycloidal tooth profile for a gear.
[6 + 6 marks]
- 7 -\. pers = L v T T
ﬁr&s.____: @1 > Pl =S ME i
0§ 1o
/
PR/ - 7
860 — &%
(P2 ————
=
t -
e g
2 e .
- n CAY,
\\.f;‘fﬂ“x?- {}*ﬁl-fﬂr
G‘?F‘f e, oy H 'p(l\.
| cK = F20
jl Sl
i
; {o [ee
2 s LY ‘2_11—')5—?9 X rreo+82 )
l."' a r-!:" f;._:' T _-»1- :| l‘:j' ./é_{‘-l ( E
.-‘_\ -,Tr‘_}g?:l . o E'T'}_ﬂ -_2_'_ .-—_‘:} 1-\?..' a
: ~ / =) =N :
X 3
[ \‘| s 7 = )
(Ml = - ™2 N
Fa i—ﬂ—
z - A
P e &A-2T
e X "
F e K
i S e
Bt \V










MRDE EBSY Question Cum Answer Booklet | Page 2 of 59

Co no
wrrtz in
this margn

= le

Q1 (b)

53:3 g/ is @05;‘1’. ’,“"A77jm’f
, vl e

ﬁfimﬂﬂﬂﬁﬁa | ﬂx,)cﬁ,ﬂﬂ“ll'e -—pXU'Ufﬁ‘ II'—"T‘TfﬂJ?

2 :)Em(/ ﬁ’i‘w';d/ o

frd%g""ﬂtﬁ‘ fjﬁ

js Froi mum\ﬁ)j}/{‘

In the pump mechanism shown in figure, OA = 320 mm, AC - 680 mm and

0Q = 650 mm. For the given configuration, determine the
(i) angular velocity of the cylinder.

(i) sliding velocity of the plunger.

(i) absolute velocity of the plunger.

The crank OA rolates at 20 rad /s clockwise,
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Q.1 (c)| Define the terms used in radial cams with the help of a neat sketch.

[12 marks]
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Q.1 (d)| Explain the fundamental law of gearing with a neat sketch.
S . 3 -[12 marks]
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Q.1 (e)| In a Hartnell governor, the extreme radii of rotation of the balls are 30 mm and 70 mm,
and the corresponding speeds are 320 rpm and 350 rpm. The mass of each ball is 5 kg,
The length of the ball armn and the sleeve arm are 80 mun and 40 mm respectively.
Determine the initial compression and the constant of the central spring,
[12 marks)]
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Q.2 (a})

The piston diameter of an internal combustion engine is 120 mm and the stroke is
250 mm. The connecting rod is 4.5 times the crank length and has a mass of 50 kg. The
mass of reciprocating parts is 20 kg. The centre of mass of the connecting rod is 160 mm
from the crank pin centre and the radius of gyration about an axis through the centre of
mass is 130 mm. The engine runs at 320 rpm. Determine the magnitude and the direction
of the inertia force and the corresponding tarque on the crankshaft when the angle
turned by the crank is 120° from the inner dead centre.

[20 marks]
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Q.2 (b)| A port indicator for a twin-screw ship is shawn in figure below. It is found that the
pointer ‘P’ remains stationary if the propeller runs at the same speed and drive the
gears C and D in the same direction through equal gears A and B. If the number of teeth
on G and F are 32 and 60 respectively. Find the ratio of the number of teeth on gear “C” to
that on gear ‘D' Also, calculate the speed of the peinter, if B runs at 10% [asler than A

and if the speed of gear ‘C’ 15 120 rpm.
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Q2 (c)

A shaft, rcﬂ:ating at a uniform speed, carries two discs A and B of masses 5 kg and 4 kg,
respectively. The C.G. of each disc is 2.5 mm from the axis of rotation, and the angle
between the radii containing the centres of gravity is 90°. The shaft has bearings at C
and D, between A and B, such that AC = 300 mm, AD =900 mm and AB = 1200 mumn. It
is desired to make the dynamic forces on the bearings equal and opposite and to have
a minimum value for a given speed by means cf a mass in the plane E at a radius of
25 mm. Determine

(i)  the magnitude of the mass to be attached at E and its angular position with respect
tothatat A.

(if) the distance of the plane E from the plane through A, and

(iii) the dynamic force on the bearing wilh the allached mass in the plane E for a speed
of 250 rpm.

[20 marks]
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Q.3 (a){ (if Write a short note on the following terms used in governors:

N

(a) Sensitiveness of a governor
(b) Hunting
(c) lsochronism

(ii) The following data relate to two meshing gcars:
Number of tecth on the gear wheel = 80
Pressure angle = 20°
Gear ratio=2
Speed of gear wheel = 120 rpm
Module = 5 mm
The addendum on each wheel is such that the path of approach and the path of
recess on each side are 60% of the maximum possible length each. Determine the

addendum for the pinion and the gear. Also calculate the length of the arc of contact.
[8 + 12 marks]
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Q3 (b)
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A mass ‘m’ of the system shown in figure, is displaced from its static equilibrium position
to the right at a distance of (.01 m. An impulsive force acts towards the left on the mass
at the instant of 1ts release to give it an initial velocity V|, in that direction, The stiffness
and damping coefficient values are 15700 N/m and 1570 N-sec/m respectively. If the
mass of the block is 10 kg, then

(a) Derive the expression for the displacement from the equilibrium position in terms
of time t and initial velocity V.

(b) What value of 'V, would be required to make mass pass the position of the static

equilibrium 0.01 sec afler il is applied?
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Q.3 (c)

A machine of mass 500 kg is acted upon by an external force of 2650 N al a frequency of
2000 rpm. To reduce the effect of vibration, isolator of rubber having a static deflection
of 1.5 mm under the machine load and an estimated damping factor of 0.25 are used.

Determine

(i) the force transmitted to the foundation
{(ii) the amplitude of vibration of machine
(iii) the phase lag

m: ‘;T"‘Dh? A: E'?éﬁEQN

[20 marks]
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Q.4 (a)| The total mass of a four-wheeled trolley car is 1600 kg. The car runs on rails of 1.5 m
gauge and rounds a curve of 20 m radius at 36 km/h. The track is banked at 15°, The
external diameter of the wheels is 650 mm and each pair with axle has a mass of 210 kg
with a radius of gyration of 250 mm. The height of centre of mass of the car above the
wheel base is 850 mm. Determine the pressure on each rail allowing for centrifugal force
and gyroscopic couple.

[20 marks]
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Q4 (b)

In a Proell governor, the mass of each ball is 10 kg and the mass of the sleeve is 130 kg,
Each arm is 200 mm long. The length of extension of lower arms to which the balls are
attached is 80 mm. The distance of pivots of arms from axis of rotation is 30 mm and the
radius of rotation of ball is 170 mm when the arms are inclined at 30° to the axis of

rotation. Determine the
(i) equilibrium speed.

(i) coefficient of insensitiveness if the friction of the mechanism is equivalent to 50 N,

(iii) range of speed when the governor is inoperative,

[20 marks]
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Q.4 ()

(1)
(ii)

Write the differences between the functions of flywheel and Governor.

The crankshaft torque of a petrol engine varies as follows:

* During the first 30° crank angle, the torque increases from zero to 800 N-m

linearly.
* During the next 30° crank angle, it remains constant.
* During the next 120° crank angle, it decreases linearly to zero.

The average speed is 250 rpm and the cycle 1s repeated every half revolution.

Assuming that the engine drives a machine that requires a constant torque. Caleulate

the maximum fluctuation of energy of flywheel. Also, determine the mass of the
flywheel, if the radius of gyration of the flvwheel s 200 mm and the variation of

speed is limited to 1% of the mean speed.

[ + 15 marks]
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Q.5 (a)

A truncated cone of height 20 cm has bottom and top diameters of 15 cm and 30 cm
respectively. The bottom surface is stated to intercept 15 percent of radiation leaving the

top surface. Calculate the sha pe factor between the

(i)

top surface and conical side surface, and

(1) the side surface and itself.
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Q5(b)| (i) Define RSHF and GSHF by showing it on Psychrometric chart.
(i) The air-handling unit of an air-conditioning plant supplies a total of 4800 cmm of

dry air which comprises by weight 25 percent fresh air at 40°C DBT and 27°C WBT,
and 75% recirculated air at 25°C DBT and 50 percent RI1. The air leaves the cooling
coil at 13°C saturated state. Calculate the total cooling load and rcom heat gain.

[Use Psychrometric chart]
[4 + 8 marks]
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Q5 40)

A pump of the equipment is shown in figure, draws a solution (density 1750 kg/m”)
from a store tank through a 85 mm steel pipe in which the flow velocity is 2.0 m/s. The
pump discharges through a 60 mm steel pipe to an overhead tank, the end of discharge
pipe is 18 m above the level of the solution in the feed tank and the friction losses in the
entire piping system are 6 m, What pressure must the pump develop and what should
be it's power? Pump efficiency is given 70%.

i3
songe | La /s
lank —_ . '
11 \}\J<
& 85 mm,
pump Lo

[12 marks]
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Q5 (d)

The outer surface of a vertical tube which is of length 2.5 m and outer diameter 100 mm
is exposed to saturated steam at atmospheric pressure. If the tube surface is maintained
at 80°C by the flow of cooling water through it, determine the rate of heat transfer to the
coolant and the rate at which steam is condensed at the tube surface.

If the tube is held in horizontal position, calculate the percentage change in condensation
rate. Use the following data:

For saturated steam, [_, =100°C

Latent heat, 1. = 2285 k] /kg

At mean film?emperature, the properties of saturated water are:

Density, p = 965.3 kgjm"j

Thermal conductivity, k = (.68 W,/ mK

Dynamic viscosity, i = 3.14 x 107 kg/ms

Use the following relation for average heat transfer coefficient,

B e ) I:':E
; pighe |, i
By, = 0943 —————=- . Vertical position
l"t![!:isin! 'Fs,:'

025
kp? ghe,

B, = 0725| — =&
h ’ UD (kg — E)

,Horizontal position

[12 marks]
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Q5 (e)

The curved surface AB, which is the quadrant of a circular cylinder as shown in figure,
given that the racius of the surface is 3.0 m, the cylinder is 4 m long and water is 25 m
above B. Determine the magnitude, direction and location (horizontal distance from point
A) of total pressure force exerted by water on it.

= D f%f;f‘
: . &
i 25m ﬁ
55m Ok
i 5.}@ B
0
= ' | w Bl
A
(éruﬁﬂ C‘afﬂf}ﬂ j’ E S [12 marks]
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0.6 (a)| Two large parallel plates with emissivity as 0.7 for hot plate and 0.5 for cold plate are
maintained at 1200 K and 800 K respectively. Calculate the net radiant heat exchange
per unit area of two infinite parallel plates. What should be the emissivity of a polished
aluminium shield placed between them if heat flow is to be reduced to 30 percent of its
original value? Also calculate the equilibrium temperature of the shield.

[20 marks]
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Q.6 (b)

)

For a conditioned space given:

Room sensible heat gain = 40 kW

Koom latent heat gain = 10 kW

Inside design condition : 25°C DBT, 50% RH

Bypass factor of the cooling coil = 0.15

The return air from the space is mixed with the outside air at 43°C DBT and 27.5°C
WBT before entering the cooling coil in the ratio of 3 : 1 by weight determine:
(a)  Condition of air leaving couling coil.

(h) Dehumidified air quantity.

o) Ventilation air mass and volume flow rates.

(d)  Total refrigeraticn load on air-conditioning plant.

Take, apparatus dew point temperature = 12.5°C

|Use Psychrometric chart]

(if) With help of neat sketch, briefly explain working of evaporative condensor.

[15 + 5 marks]
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Q.6 (c)| Acentrifugal pump running at 800 rom has an impeller of 0.6 m outer diameter discharges
16000 LPM against a head of 35 m. The water enters the impeller radially without whirl
or shock, The inner diameter is 0.2 m. The vanes are set back at an angle of 32° (o Lhe

tangent at the periphery of the cutlet. The area of flow is constant from inlet to outlet of
the impeller and is 0.06 m?%. Calculate the

(i) Vaneangle at inlet
(i) Manometric efficiency of the pump.
(iii) Minimum speed at which the pump commences to work.
[20 marks]
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Q7 ()

A 7 m diameter penstock supplied water to a Francis turbine, running at a speed of 140
rpm producing 64700 kW,
Following other particulars is given below:
Flow rate = 120 m*/s, Hydraulic efficiency = 94%, mean diameter of turbine at
entry = 4.5 m, mcan blade width at entry = 1.2 m, entry diameter of draft tube = 4.6 m,
velocity in tail race = 2.5 m/s. The static pressure head in the penstock measured just
before entry to the runner is 60.4 m. The point of measurement is 4 m above the level of
tail race. The loss in draft tube is equal to 35% of velacity head at entry to it. The exit
plane of the runner is 2.5 m above the tail race and flow at outlet of runner is without
swirl. Determine
(i) The overall efficiency
(ii) The direction of flow relative to the runner at inlet.
(iif) The pressure head at enlry to draft tube.

|20 marks]
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Q.7 (b)

water as 418 k] /kgK.
T
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A single-shell pass, four-tube counter flow heat exchanger is used as an economiser on
a steam generator. Flue gases enter the exchanger at 250°C and leave at 150°C with a
flow rate of 2 kg/s. The feed water enters at 125°C at the rate of 1.4 kg/s. Determine
number of transfer units und the effectiveness of the heat exchanger. Also, if a change in
the operating conditions occurs, the feed water must be by-passed so the watcr enters at
60°C with a flow rate of 0.5 kg/s. Calculate the exit temperature of water when the
exchanger operates under the changed conditions and assume that the effectiveness of
exchanger remains unchanged. Take specific heat of flue gases as 1.05 k] /kgK and for

[20 marks|
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Q7 ()

(@

(ii)

Calculate the volume of air to be handled and quantity of make up water in kg/min
required by cooling tower which is used to cool 1200 kg of water per minute from
temperature of 35°C to 30°C.

Atmospheric conditions are 35°C DBT and 25°C WBT and air leaves the tower at
A0"C DBT and 80% RH.

100 m* of air per minute at 5°C DBT and 2.5°C WBT is passed through a heating coil
which gives 42.7 kW energy to the air. Saturated steam at 110°C and with a rate of
50 kg/hris mixed with the air leaving the heating coil. Determine DBT and WBT of
the air after mixing the stream
Take, h_enthalpy of saturated steam at 110°C as 2691 kJ/Lg.
[Use Psychrometric chart]

[10 + 10 marks]
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Q8 (a)

A Kaplan turbine working under a head of 30 m with a rotational speed of 170 rpm
develops 25 MW of power. The outer diameter of the blade is 500 cm and hub diameter
is 250 cm. The overall efficiency of the turbine is 94 percent and the hydraulic efficiency
is 96 percent. Determine the
(i) Discharge
(ii) Following angles at the tip of blades.

(a) inlel guide vane angle

(b) the inlet blade angle

(c) outlet blade angle

[Assume radial exit]
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Q.8 (b)| A Pelton turbine working under a net head of 200 m at a speed of 520) rpm, producing
power of 1500 kW.
Following are some relevant data of the turbine:
Bucket angle = 170°
Coefticient of velocity = 0.96
Friction and windage losses = 7 percent of velocity head of the jet
Bucket friction coefficient = U.92
Pitch diameter of runner = 1.4 m
Draw the outlet velocity triangle and prepare an energy balance of the jet and determine
(i) Hydraulic efficiency
(i) Mechanical efficiency
(iii) Owerall effiviency of the turbine
[20 marks]
Lo~ —= =St S A ! u’I / L
peldon nshee fuarbine
gl i =
5 i)
}’."’.-, Wi oo
)
N = 5RO 3 2 0 = o
P— il )= | o :
/ o L T 9
ﬁ.a‘.r’ ¥
= R
o = ST ??
¥
@ z

\ %






MEBDE ERSY Question Cum Answer Booklet

Do not
' Page 55 of 59 |Ymemn

this margin
g~ B

E= L j86 )
= %KQ’”)}’: 60

0- 040
h 3@41‘?3{14 92 9 )
2 C!l‘??&( ce-| 3¢ 1':}')‘}{






MEDE ERSY Question Cum Answer Booklet | Page 56 of 59

Do rat
wirite i
ths margen

Q8 (9

In a two-dimensional incompressible Alow field. The velocity components are expressed
! P F

as
"'.‘

u= . 4 +dy —x2 i
3 3
IZ’:
v=xy’ -y -—
(a) Is the flow physically possible? [f so obtain an expression for the stream function.
(b) Determine acceleration at point at a point P (x — 2m, y = 3 m).
(¢) What is discharge between the streamlines passing through (2, 3) and (3, 4)?
(d) Is the flow irrotational? If so determine the corresponding velocity potential.
{(e) Show thateach of the stream and potential functions satisfy Laplace equation.
[20 marks]
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