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i A

For air E =0287 LI¥Kg K; ¢, = 1.005 LI'KgK; y=1.4.

1 {a) 0.5 kg of air {(ideal gas) executes a Carnot power cycle having a thermal effidency of 50
percent. The heat transfer to the air dunng the isotherma expansion 13 40 kI At the
heginning of the 1zothermal expansion the pressure 15 7 bar and the wolume 15 0.12 m.
Determine the maximum and minitoum temperatores for the cycle, in K, the volume at the
end of 1sothermal expansion, in m®, and the work and heat transfer for each of the four
processes, in kT
Forarc, 0.721 and cp 1.008 klfkg. K

(b} Stearn fows through an adiabatic steady flow turbine. The enthalpy at entrance 15 4142 kliks
and at ezt 2585 klfkkg. The values of flow availahility of steam at entrance and exit are 1787
Llikg and 140 kIikg respectively. If the dead state temperature T, 12 300 K, determine, per kg
of stearn, the actua worly the masmum possible work for the given change of state of steam,
and the change in entropy of steam. Neglect changes in kinetic and potential energy.

2. (&) 4 compressed ar bottle of 0.05 m® wolume contains air at 3.5 atm pressure. This ar is used
to drive a turho generator supplying power to a device which consumes 5 W. Calculate the
titne for which the dewvice can be operated if the actual output of the turbo generator s 60
percent of the mammum theoretical output. The ambient pressure 15 1 atm. For ar, {opfoy) =
14,

)] An tnsulated wvessel 15 divided info two compattments connected by a valve Initially, one
compartment contains steam at [0 bar 500°C, and the other 1z evacuated. The walve 1z opened
and the steam 1z allowed to &1l the entire wolume, achiewing a final pressure of 1 bar
Determine the final temperature, in °C, the percentage of the vessel volume initially occupied
by steam and the amount of entropy produced, in kg K

3. (a) In ah [.C. engine operating on the dual cycle (limited pressure cycle), the temperature of the
working fluid {ar) at the beginmng of compression 15 27°C. The ratio of the masmum and
minttmuin pressures of the cycle 13 70 and. the compression ratio 15 15 The amounts of heat
added at constant volume and & constant pressure are equal. Compute the air standard
thertnal efficiency of the cycle. State three main reasons why the actual thermal efficiency 1s
different fromm the theoretical walue.

{h} The following data refer to a steam turhine power plant employing one stage of regenerative
feed heating:

State of steam entenng H.P. stage: 10 MPa, 600°C
State of stearn entering L. P. stage: 2 MPa 400°C
State of steam entening condenser: 0.01 MPa, 0.9 dryness fractions

The correct amount of stain 15 bled for feed heating at exit from the HP. stage. Cdlculate the
mass of steam hled per kg of steam passing through the H P stage and the amount of heat
supplied in the botler per second for an outputof 10 MW, Neglect pump s work.

4. {a) For steady adiabatic flow of an 1deal gas wath constant specific heats through a nozzle or
diffuzer, show that

£=1+ [EJM?’
r 2
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Where T, and T are the stagnation and static temperatures, respectively, k 15 the ratio of
specific heats and I the Mach number.

i) In aturbo jet engine, air enters the diffuser at 0.8 bar, 240 K, with a velocity of 1000 kn/hr,
The pressure ratio across the compressor 15 8. The turbine inlet temperature1s 1200 K and the
pressure at nozzle exit1s 0.8 bar. The turbine work just equals the compressor work input.
The diffuser, compressor, turhine and nozzle processes are isentropic an there 1s no pressure
drop for flow through the combustor. Determine the pressures at ext from the diffuser, the
compressor and the turhine, and also the welocity at the nozele exit Show the wvanous
processes on a temp erature-entropy diagram. For air o = 1.001 klfke K and opfe, = 1.4,

5. (a) A vapour compassion refrigeration system using refrigerant 12 15 emploved to produce 8640
kg ofice per day. The condensing and evaporating temperatures of the refrigerant are 48°C
and 200 C, respectively. Saturated ligquid leaves the condenser and saturated vapour leaves
the evaporator. Compression is isentropic. Water at 35°C 15 used to from ice. The temperature
ofice should be -8%C. Heat flows into the brine tank from the surroundings may be taken to
be 10 percent of the total heat removed from water to fonm 1ce at the specified temperature.
Determine the power required to dnve the compressor, in kW, Take specific heat of 1ce =
2.26 klikg. I, latent heat of ice = 334 72 klikg and specific heat of water =4 187 klikg K
The following data for refrigerant 12 may he used:

Tonporawrs | Prguwe  Eathalpy, KAz Erdropy, ifeg K
°c bar liquid vapour beaid  vapour

48 (14 | 3283 20683 | 6203 | 06802
Ly 151 L7 &2 17874 | 00731 07087

Specificheat of vapour =052 kg K

(k) Outside air at 35°C, 0% EH 15 paszsed over a cooling coil hawing an apparatns dew point of
10°C and 0.06 hypass factors The cooled ar iz then supplied to a room which 15 to he
mantained at 22°C dbt and 60% E H. The supply ar rate 4500 kg/hr. Estimate the sensible
and latent heat loads ofthe room and the heat removed 1n the cooling coil, 1n LW

fi. (4] Air flows over aheated flat plate at a velocity of 50 mfs. The local skin friction coefficient at
a point on the plate 12 0.004. Estimate the local heat transfer coefficient at this point. The
following propetty data for air are given:
Density 0.38 kofm® wiscosity 2.286 = 107 kogfms; specific heat = 1.001 kJke. K, thermal
conductivity = 0035 Wim K. Use

o
SfPrm=?f.

i) Two long rods of the same diameter, one made of brass (k= &5 Wim. K and the other made
of copper {kk = 375 Wim. K.) have tine of their ends inserted into a furnace. Both rods are
exposed to the same enwironment At a section 10.5 cm away from the furnace end, the
temperature of the brass rod 15 120°C. At what distance from the furnace end, the same
ternperature would he reached in the copper rod? Denve the fornlauzed.

7. {a) Show that in a Pelton wheel, where the buckets deflects the water through an angle (180 o),
the hydranlic efficiency of the wheel 1s given hy:

EH[V—H) |[l+ cos r:z:)
where V 15 the velocity of the jet, and u the welocity of the wheel o the pitch radius.

{h} A 15 scale model of a centrifugal pump absorbs 20 kW when pumping aganst a test head of
8 m at its hest speed of 40K rpm. If the actual pump works against 32 m head, find the speed
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and power required for the actual pump. Determine also the quantities of water discharged by
the two pumps.

() A single acting reciprocating pump operating at 120 rpm has a piston diameter of 200 min
and stroke of 300 mm. The suction and delivery heads are 4 m and 20 m, respectively. If the
efficiency of both suction and delivery strokes 13 75 percent, determine the power required by
the pump.

8. {a) Determine the adiabatic flame temperature for the combustion of carbon monozxide (CO) with
150 percent theoretical amount of oxygen to form CO;. The reactants enter the steady flow
reactor at 25°C, 1 atm and the products (C0; and excess Og) leave at | atm. At 1 abm, 25°C,
the enthalpies of formation of Oy CO and COy are, respectively, 0 kIfkcg mole, -110, 418
llkg mole and -393 137 klfkg mole. The constant pressure specific heats of COq and Oy at 1
attn tnay be assumed tobe 56.43 and 36,5 kIfko mole. K respectively.

{h} The following data were obtained from a single glass cover flat plate solar heat collector:
Idean plate temperamare = 70°C; Ambient and sky temperatire = 10°C; Back insulation
thickness =5 cm; Insulation thermal conductivity 0.05 Wi °C; Coefficient of heat transfer
by convection from plate to cover 3 Wim® °C; Equivalent coefficient of heat transfer by
radiation from plate to cover = 6 Wim®. °C, Coefficient of convective heat transfer from
cover to ambinet air = 25 W/m®. °C and Equivalent coefficient for radiant heat transfer from
cover to sky 5 Wim® °C. Compute the total heat loss per m® collector area Assume that
resistance to heat low by convection at the back surface of the insulation 15 negligihle.
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SECTION A

What 1z coriolis accelerat on® Give its formula,

Wame mechatisms for generating accurate and approzimate straight line motion.
How can the quality of a governorbe ascertained ¥

State the conditions for complete balancing ofreciprocating parts of an engine,
Ezxplain the meaning of the foll owing

Hexagonal screw M 12 = 1.5 = 70; T-Bolt 22 = 100

Why more than one full length leaves are provided in a leaf spring? State the ratio of stress
between full length and graduated leaves.

State the units of dynamic and kinematic wiscosities in the 5. L. units.
What do you understand by basic static load rating of a heaning?

State the standard walue of pulley groove angle and the minmum recommended angle of are
of contact for a V-belt.

Define diametral quotient and thermal capacity of awortn gear set.

A timber hearn 15 to be reinforced with two steel flitches of same size. They can he attached
either at the top and hottom or symmetrically on the sides. In which case will the moment of
resstance be larger?

What type of nvetted joints are used for the longitudinal and circumferential joints of a
cylindrical pressure vessel and why?

What 15 standardization? Give 1ts four advantages
Mate four types of steel castings.
What are preferred numbers? Give their main advantages.
Mame four locating dewices for 1125 and fixtures.
List four adwantages of mumerical contral.
Write four ohjectives of plant layout.
What 15 production planning? State its levels.
Ezxplain standard rating and standard performance.
(2=20)

SECTION -B

A disc of mass 5 kg 1z mounted in the middle of a sample supported horizontal shaft of span
0.5 m and of diameter 10 mim. The centre of grasity of the dizcis displaced 2.5 mm from the
geometric centre. The equivalent viscous damping for the system may be taken as 50 N.sm™
The shaft rotates at 740 rpm. Calculate (1) dynamic stress in the shaft (1) static stressin the

shaft, and (i1} power required to drive the shaft. Take E=2 x 10° N. {mm)*.
(20)
The roller follower of a cam moves with SHM dunng ascent and with uniformly accelerated

and decelerated motion during descent The cam rotates at 370 rpm. Draw the cam profile for
the following

data:
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Least radius of cam = f0 min

Angle of ascent =540
Angle of dwell between ascent and descent =48°
Angle of descent =662
Lift of follower =450 min
Roller dia =30 mm
Offset =20 mm

Determine the mammum wel ocity and acceleration of foll owing during descent.

: (20) &
o3 (a) A spur pinion 13 driven by an electric motor of power 15 KW running at 740 rpm. Pitch
3 diamneter of pinion is 108 mm and speed reduction 15 3:1. Moduleis 6 mm and pressure angle £
200. The pinion is mounted on a shaft located in symmetrical bearings over a span of 300 £
mm. The gear is overhanging by 50 mm on the left of two bearings 200 mm apart. Calculate 3
the hearing reactions for the gear when the pinion rotates o ockoa se. i

@0 &
(b)  An & x 19 (3/9/1) steel wire rope is used to lift aload of 20 kKN from a depth of 1 km. The 2
mazimum speed of rope iz 2.5 ms!' and the acceleration is 1.5 ms® when starting under no &
slack conditions. Determine the size of the rope required for a desired factor of safety of 4.5 &
Modified modulus of el asticaty for rope 15 68600 MPa #
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£ 4 (a) A thick spherical pressure vessel of inner radius 150 mm iz subjected to an internal pressure &
: of 80 MPa Calculate into wall thickness based upon the (1) mazimum principal stress theory, £
and (11) total strain energy theoty Poisson’s ratio = 0.30, yvield strength = 300 MPa i

Qo
(b} Construct the bending moment and sheanng force diagrams for the beam shown in Fig. 1. i
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,, SECTION - &
5. {a) What are the major dloyving elements to aluminium? Discuss their effects.
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(10}
)] What are the different types of defects which generally develop due to heat treatment of
steel ¥ What are their causes and the measures which can be taken for their prevention?

(20)
{c) DCnscuss the underlying principles forthe design of j1gs and fxtures.

(10}
fi. (&) Show with a neat sketch the forces acting on a chip in orthogonal machining. Derive an
expression to calcul ate the coefficient of frction between tool chip interfaces.

(15)

i) A seamless tube 32 mm outside diameter 15 turned on a lathe Cutting welooty of the tool
relative to the worlpiece 15 10 mfmm. Rake angle = 35°, depth of cut = 0,125 mm, length of
chip 60 tm, horizontal cuthing force of the tool on the workpiece = 200 N, vertical cutting
force required to hold the tool against the work = 80 M. Calculate

(1) coefficient of friction

{11) chip thickness ratio

{11)  shear plane angle

(iw)  welocity of chip relative to the tool, and

() welocity of chip relative to the worlcpi ece

(20

() Dufferentiate between the decmal and binary code systems Find the decitnal and hinary

codes for the number 140,

(5)

7. {a) The annuval fized costs of a product are known to be Rs. 2 = 10° and the annual net profit is
Rs. 4 = 10* the average monthly sales heing 820 units & new design iz contemplated

involving an expenditure of preparations amounting to Rs. 8 = 10* to be returned in two

vears. It 18 expected that with new production methods the product to volume ratio may he

increased by 5 percent. What would be the new annual sales figure for the new product so

that
(1) same net profit 1z realized
1) in addition to this profit avield of 10 percent on the capital involved will be obtained.
(20)
{h} A huilding project consists of 10 achivates. Their estimated duration 1z given helow
Activily Drasztion
i-1 5
2.3 3
24 ]
d-35 4
d-5 4
4.5 z -
4.7 3
5-B 7
&8 (-]
i 2

Draw the network and compute (1) event times (1) activity time (i) total float, and determine
the (iv) critical path

(20)
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