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MECHANICAL ENGINEERING
Paper 1
! Time ;3 Hours ] [ Maximum Marks : 300
g
INSTRUCTIONS

Each question is printed both in English and in”Kannada.

Answers must be written in the medium specified
(English or Kannada) in the Admission Ticket issued to
you, which must be stated clearly on the cover of the
answer book in the space provided for this purpose. No
credit will be given for the answers written in a medium
other than that specified in the Admission Ticket.

Candidates should attempt questions 1 and 5 which are
compulsory, and any three of the remaining questions,
selecting at least one question from each Section.

The number of marks carried by each question is indicated
at the end of the question.

If any data is considered insufficient, assume suitable
value.

Newton may be converted to kg using the equality
1 kilonewton (1 KN) = 100 kg, if found necessary.
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SECTION A

L. Answer any three of the following (Each answer should not exceed
200 words) - 20x3=60

2y A 300 kg crate hangs from a cable which passes over a pulley B
and is attached to a support at H. The 100 kg boom AB s
supported by a ball and socket at A and by two cables DE and DF.
The centre of gravity of the boom is located at G. Determine (1} the
tension in cables DE and DF, (ii) the reaction at A.

by A rod AB is held by a ball-and-socket joint at A and supports a
100 kg mass C at B, This rod is in the zy plane and is inclined to
the v axis by an angle of 15° The rod is 16 m long and F is at
its midpoint. Find the forces in cables DF and EB.
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portion D of the cable, (iii) the relative velocity of A with respect to
B, (iv) the relative velocity of portion ¢ of the cable with respect to
portion D.

(d) Sketqh and explain the important facts of the following curves; for
a typical system with forced vibration -

tir Magnification factor Vs Frequency Ratig

{111 Transmissibility Vg Frequency Ratic for different values of
damping factor.

2. (a) A motor car weighs 1000 kg and the engine develops 40 b.hp at
3000 r.p.m. The efficiency of the transmission is 90¢% in the top
gear of 5 to 1 and 80% in the second gear of 9 to 1. \WWhen the
engine speed is 3200 r.pm. (i) the car reaches its maximum speed
of 100 km/hr, in top gear on a level road and (ii) the car is just
capable of climbing a gradient by R = a + bV2, where 1V is the
speed in kmvhr. Find the values of the constants a and b. 30

‘b The exhaus: valve of a diesel engine has a lift of 6:21 em. It is
operated by a cam to give cycloidal motion during the opening and
closing periods, each of which corresponds to ggo of cam rotation.
The follower is provided with a roller 7.5 em diameter and its line
of stroke radial. Draw the profile of the cam, if the minimum

radius of the cam is 12 em.

Determine the maximum values of the velocity and acceleration of the
follower during outstroke for 2000 r.p.m. 30
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3. (a) Describe one form of mechanism, consisting of turning pairs onlyv,
that will give an exact straight-line motion to a given point. Prove
that the path followed by the point is a true straight line. 30

(br A pair of 20 involute gears has module of 5 mm. The pinion has
20 teeth and gear has 60 teeth. Addenda on a pinion and gear
wheel in terms of module is 1. Find the following :

(i) Number of parts in contact.

(i) Angle turned through by the pinion and gear wheel one pair
N contact. 30

4. (ar Sketch the Dawis steering gear and show that it satisfies the
required conditions for correct steering.

If the distance between the pivats of the front axles is 130 cm and the
wheel base is 250 c¢m, find the inclination of the track arms to the
longitudinal axis of the car when the car is moving along a straight
path, 30

(b1 Design and draw a friction cluteh with two plates, both of each
plate being effective. The coefficient of friction beiween the contact
surfaces may be assumed as 02 and the intensity of pressure
between the contact surfaces limited to 0-7 kgcm®. The external '
diameter of the plates used in the clutch is 13 times the internal
diameter and the clutch is to transmit 60 hop. at 1500 rp.m.
Assume suitable material for plate and clutch body. 30
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SECTION B

3. Answer any three of the following (Each answer should not exceed
200 words) - 20x3=60

fal (i)  Skerch and explain the principle of ECM process,

(1) Mention its Process parameters ang their effeets.

bt (i Explain the brinciple and Process parameters of explosive
forming process.

(i) What is 3-2.1 principle of location 2

ici A firm manufactures 3 products A B and C. The profits are
Rs. 30, Rs. 20 and Rs. 40 respectively. The firm has two machines
and the required Processing time in minutes for each machine on
each product are given below -
Produets
A B C

Machines X 5 3 4

more than 150 of A Formulate into a 1,p problem to maximise profit

and solve it,

td)  Distinguish between chance causes and assignable causes  with
examples.

6. (a) (i) Derive for the EOQ of the hasic inventory model.

(1) What are the assumptions made in the above mode] ?

(i) What is ABC analysis ? What is its use ? 30 "
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(b) (1) Solve the following  transportation model and give the
optimum transportation plan.

LA Y Z Supply
A 22 4 100
B o2 3 10
¢ R A1 150
Demand 90 160 120

f11) What is an operating characteristic curve 7 What iz irs
significance ? 30

7. f(a) (i) Derive the relationship for the shear angle by JMlerchanr's
theory of metal cutting.

(i) What are the assumptions made in the above 7 30
(b)  Discuss the various methods of surface roughness measurement. 30
8. {ar Discuss the principle, applications and process parameters of R
ultrasonic machining. 30
(b)  What is work sampling ? What are its applications ° 30
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MECHANICAL ENGINEERING
Paper 2

P 03 Hours | [ Maximun Marks 0 300

INSTRUCTIONS

Ecch question is printed both in English and in Kannada.

Ansiwers musé be written in the medium  specifled
‘English or Kannada) in the Admission Ticket isswed to
vou, which must be stated clearly on the cover of the
crisiier book in the space provided for this purpuse. N
credit will be given for the answers written in « meefiin

other than that specified in the Admission Ticket.

Candidates should attempt questions 1 and & which wre
compulsory, and any three of the remaining questions,
selecting at least one question from each Section.

The number of marks carried by each question Is indicated
ai the end of the question.

If any data 1s considered  insufficient, assume switadle

Newton may be converted to kg using the eguality
1 hilonewton (1 KN) = 100 kg, if found necessary.
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SECTION A

1. Answer any three of the tollowing parts (Answer to each part should nat

exceed 200 words) -

tai  An ideal gas of molecular weight 30 and specific heat ratio 1.38 is
compressed  according to the law, PV 195 = Constant from a \
pressure of 1 bar absolute and 15°C to a pressure of 16 bar
absolute. Caleulate the temperature of the gas at the end of

compression, the heat received or rejected and the work donc b

the gas during the process. Assume the mass of the gas to be 1 kg,

LUze the caleulated value of C, . 2()
thy In a heat exchanger, air is heated from temperaturec T, = 40°C
and the gases are cooled from temperature Ty = 430°C to T, =

200 C The heat lost from the heat exchanger to the surroundings
amounts to 20% of the heat transferred from the gas. Determine
tne fall in efficiency per kg of the gas flowing through the heat
cxchanger due to the ir‘z'ever"sibility of the heat transfer process.
Assume the gas and air to be ideal gases possessing the properties
of air. The heat capacities of the air and gas are assumed to be

ccnstant. Ambient temperature T, = 235° C, 2}

el Explain in detail about the hydrodynamic boundary layer concept

over a flat plate as per the Prandtls mixing length theory. 20

rdi A flar plate 13 m wide and 20 m long is exposed tn longitudinal
air flow at a temperature of 293 K with a velocity of 4.0 nuvs.
Calculate the heat transfer coefficient and the heat flow, if the

surface temperature of the plate is 353 K. 20
2. 4wy Explain in derail about the Buckinghans 71 theorem used for

dimensionless analysis and also state its advantages while using for

the above analysis.
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Ui Show that the mean coefficient of drag for turbulent boundary

laver on a smooth flat plate
0072
L0

Cp=
Rc"

f

and also comment on the experimental validation of the above result. 35

3. 11 Determine thL heating surface of a counterflow heat exchanger. 1f
the inlet temperature of the hot water is 977 C and its rate of fiow
15 equal to 1 kg's. The hot water flows along an internal steel tube
having diameters d,/d; = 40/37 mm. The thermal conductivity of
the steel tube = 30 Wm-k. The cold water moves along the
ammlal passage formed between the tubes of the heat exchanger

:

and is heated from 17°C to 47°C. The inside diameter of ihe

external tube is 54 mm. The rate of cold water flow is 1.14 kz = 35

2 A nomn-insulated steel heater is installed in a workshop. The suricee
of the heater is heavily oxidized and its emission coefficient is
z 9 Wim2Zkt the temperature of the outside surface 430 Ko the
length of the henter is 2 m, its diameter is 1 m; room tempuram_;a‘e
is 300 K and tle omission coefficient of the walls 35 W/m- “Xk*: the
voom is 10 m long, 8 m wide and 4 m high. Determine the
quantity of heat exchange by radiation between the surfaces of the

neater and walls of the room. D3

4 a1 Determine the coefficient of heat wransfer from vapour to the
vertical tube of a condenser. The outside diameter of the tube is
30 mm, height 3 m and the tube surface temperature is 11 C.
Saturated vapour condenses on  the  tube surface at a pressure
0 04 bar and temperature 289 C.

The physical properties ave :

T, = 20% C, Density = 9982 kg.f'm"-j’;
Thermal Conduectivity = 1.006 x 10 =% m=/s at 29°C; and
the heat of vaporization = 24323 kJ/kg 35
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SECTION B

o Answer any three parts out of the following four pParts {(Answer to each
prrt =honld not exeeed 200 words) :
S hailer generates 750 kg of steam per hour at 11 bar ahsolute

aalowith 409 ¢ superheat, and burns 100 kg of coal per hour. If
e calorific value of conl is 29300 kd'kg. feed wator temperature is
5°C and  specific heat of superheated steam is 2.09 kJkkek,
cileulate {41 the factop equivalent evaporation, (i) the equivalent
evidporation from and at 100" ¢ per kg of coal and (i boiler

eificiency, 20
b Explain in detail the construction and working of presaurised-water

reactor and also write in detail about the generalised reactor

operation. 20
ol A S tan refrigerating machine operating on Bell-Coleman Cycle has

an upper limit of pressure of 19 bar. The pressure and temperature

ar the start of compression are 1 bar and 17°C. The compressaed

wir cocled at constant pressure to a temperature of 40° C enters the

expansion  evlinder. Assuming  hoth expansion  and  compression

processes to bhe adiabatic with a specific heat ratio of 14, determine

e COP.

s Quantity of air in circulation per minute

't Piston displacement of compressor and expander

v Bore of compressor and expansion cylinder.

The unit runs ar 250 rpm. and is double acting.

Stroke length = 20 em. 20

vl A four eylinder engine running at 1200 rpm delivers 20 KW. The
dverage torque when one eylinder was cut is 110 Nm. Find the
indicated thermal efficiency if the calorific value of the fuel is
43 MJkg and the engine uses 360 grams of gasoline per KW-hour. 20
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6o LExplain i detail premived and diffusion combusrion in C L engines

with proper illustraticns. S

b Caleulate the diameter of the fuel orifice of 2 four stroke engine
which develops 25 KW per cylinder at 2500 rpm. The specitic fuel
consumption using 0-3 kg/KW-h fuel of 30° APL The fuel is injecred
at a pressure of 130 bar over a crank trave! of 237 The pressure
in the combustion chamber is 40 bar, Coefficien: of velocity is 0875

and specific gravity is @ven by

Sy = _1_4_1‘)
]:%10 -+ OI\PI t-_;{]
o Anoair refrigeration svstem operating on Bell-Coleman Cvele, takes

moawr from o ocold room at 5°C and compreszes it from 1 bar to
55 bar. The index of compression being 1-25. The compressed air is
20

Y

cooled to 277 C0 The ambient temperature is 20°C Ajr cxpands in

ainexpander where the index of expanston iz 135, Calenlate

v CLOP of the system,

Al Queantty of air creulated  per minuie for proaduction of
1500 kg of e per dav at 07 C from wazer at 207 ¢
cire Capacity of the plant in terms of kJis,
Take € = 415 kJ kg-k for water and
3
C = 1005 kEke-k for air.
|
[Latent heat of 1ce = 335 kJke. J0

eI o laboratery test, a psychrometer recorded drv bulb temperature

ns 000 and wet bulb temperature 30° C. Caleulare
S Ndponr pressure

v Helative humadity
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il Specific humidity
(iv) Degree of saturation
‘vl Dew point temperature and
4 vi; Enthalpy of the mixture
Barometer = 101325 bar. 30
B tir A single stage single acting reciprocating air compressor has

clearance volume of 6% of stroke volume. The compressor takes in
air at 1 bar and delivers at 6 bar.

It is proposed to increase the delivery pressure to 8 bar by changing
the clearance volume. There is no change in r.p.m. and indicated
power,

If the law of compression and re-expansion is the same In two cases
PV 1.3 = Constant, determine the percentage increase in clearance
volume and percentage decrease in mass of air delivered. 3

Wi

(b Show that the maximum efficiency of a person’s reaction turbine is
. 3 7 - - .
given by (2 ens=c /(1 + cos= ¢ where « 13 the angle with the
direction of motion of the blade at which steam enters the blade. 25

www.upscportal.com




R s B W g Yo

:Ilwww.upscportal.com

14/2

(13)

w

35 es
LK}

63

(ii1)

(iv) RoZgBodh Dmre

[x] -

= DTHIT VIR0 HB)

]
[we]

{v)

(Enthalpy)

[

dneaset3ot 1.01325 wood.

.,

c“:oa;_}rarj QCTe D

{vi)

30

it
P
H
m
J—1
3
I
3
a
S
3
o
B €
mw 191
O &
g
11
@ i
™} )3
g s
. It
3 B
o
a3 f nw
T O
1
2 o
o W

J oL nm

(B

n..w .u_,...w Dw
i

50

\...w.s ﬁ.w nﬂ,w

13 er 42

m W

™1 TP

2u

D
By BRUS JEold ol

=
[l

m%cﬁ BT B oTs
=0

X
E‘J:_)
rg,a:i.s'a‘éoiv
3]

VST SN ERDR IO It

-

13
T
3
HM Qs
LN . D
3 E S
3 2T
B =
smw P mrl.u“\
i S S

33
7Y 0w
B m
™) &a X
[P T
283
LR e
ma
.,E...Jw Wb

)
ﬂd\U
5
.
P 63
138
: ]
2
5 B
2
SIRY
L €
. 3
m P
o
e
ol
g
gz 2
0 r

50,

%8

-
-~
T

=
ot ]
(4 ]
o]
L)
+
.1l
T
=
[t |
oo
aC m
O~
{(* —
T
o8
3
L]
3
-

25

[ Tata

i
Ta
w\w.u\ H\.w
28
i3 P
a
= 02
T o
T2
€L 3°
84

40

7

www.upscportal.com



UPSC|PORTAL

Downloaded from: http://www.upscportal.com

www.upscportal.com




