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Instructions :

» The figures in the margin indicate full marks.
¢ Answer all questions.

» Candidates are required to give their answers in their
own words as far as practicable.

* All questions have been printed both in English and
Hindi. In case of any ambiguity in Hindi version, the
English version shall be considered authentic.

e Parts of the same question must be answered
together and must not be interposed between
answers to other questions.
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SECTION—I
Gus—I

Define the principle of virtual work.
Under what situation is the virtual work
method preferred to equilibrium equation
method? What is virtual displacement?
Explain.

A heavy spherical ball of weight W rests
in a V-shaped trough whose sides are
inclined at o and f to horizontal.
Determine the pressure exerted on each
side. Neglect friction.

What is Coriolis acceleration component?
In which case does it occur? How is it
determined?

Explain FAST diagram in value
engineering. What are its advantages?

.A carbide tool with mild steel workpiece
- was found to give life of 2 hours while

cutting at 48 m/min. If Taylor’s
exponent n =0-27, determine—
(i) the tool life if the same tool is used

at a speed 20 percent higher than
the previous one;

(i) the value of cutting speed if the
tool is required to have tool life of
3 hours.
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Derive the following relations in terms
- of elastic constants for an isotropic

material :
E=2C(1+pn) =3K(1-2n

where, K= bulk modulus, E= modulus
of elasticity, u =Poisson’s ratic, C=
modulus of rigidity.

A 30 m length of railway is to be laid
in such a way that there is no stress in
the rails at 10 °C. Determine the stress
induced in the rails at 60 °C, if (i) there
is no allowance for expansion and
(ii) there is an expansion allowance of
8 mm per rail.

Young’s modulus =2x10° N / mm?

Coefficient of linear expansion
=12x107° per °C

T GHefis Terd & ol ey TRt ¥ ugt
= wrdt B g fiRkd

E =2C(1+p)=3K (1-2y)
W& K = 9¥aq AN, E = YARYdal H6E,
=Wl I, C = gga1 Wi |
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(W) T 30 m &g & i@ 9¥ 39 YER fosmn s
2 f6 W@ § 10 °C W #1E vioww 7 & @ A
60 °C R 3@ yfvaa ya FRA, IR () R F
o =1 gz 78 & ofv (i) v ¥ 8 mm H
TR 2 2

I & A9iH =2 x10° N/mm?
¥ TR FhE = 12x107° 3fq °C

OR / steat

{a) A short column of rectangular cross-
section 200 mm x 150 mm carries a
load of 400 kN at a point 50 mm from
longer side and 875 mm from shorter
side. Find the maximum compressive
stress in the section. 25

(b) State and prove Castigliano’s theorem. 25

(%) 200 mm x 150 mm JAFATHR TTIEY FHIE FHl
T Y WY @& FR @ 50 mm @ B
R @ 87-5mm #H T & ot g ™
400 kKN & ¥R 984 Ha1 g1 FE § 3dftean
gudftes gfdee @ Hild)
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The following data relate to two meshing
gears :

Velocity ratio =%, module =4 mm,

pressure angle = 20°, centre
distance = 200 mm

Find the number of teeth and the base
circle radius of the gear wheel.

What is a clutch? Make a sketch of
a single-plate clutch and describe its
working.

frfefaa e @ A firedl @ g w1 § -
%m:%,ﬁsﬂ@=4mm,mm=
20°, % g = 200 mm

firr afgan & <fdt A de g smuR gw B
Fa FRR

TS T g7 THA-TE S F @ G99y
qAT TUFH FRFET TR |
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What is the effect of centrifugal tension
on the tight and slack sides of a belt
drive? Derive the condition for maximum
power transmitted by a belt drive
considering the effect of centrifugal
tension.
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(b) The following data refer to a single-.
cylinder reciprocating engine :
Mass of revolving parts = 30 kg at
crank radius
Mass of reciprocating parts = 40 kg
Speed = 150 r.p.m.
Stroke = 350 mm

Determine the (i) balance mass
required at a radius of 320 mm and
(ij unbalanced force when the crank has
turned 45° from the top dead centre. 25

(%) % Yoe AIEH F HY a1 A R W SR
FIE H T UG 27 SR qE F AW W
R F@ g3 T S0 e gh S 1
Iwor % R Twn/ad ogem AR

(@)  Eo-Rert yarm R % fol
frafefe sfws A ™ ¥ -

ofge sraEt & 5eA = 30 kg,
e w

JerTHT S7agal @ g5 = 40 kg

Ty = 150 r.p.m.

I (V%) = 350 mm

@ B () 320 mm H Bem w ke

wrafe FEWH @ (i) Egfd W, S b
o fifSsa ¥ ¥ 45° 90 gH A
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SECTION—II
@ us—II

4. (a) Define internal energy and show that it
is a property of the system. 10

(b) What do you mean by fin effectiveness
and fin efficiency? Why is the assumption
of one-dimensional heat flow made in the
analysis of fins? 10

(¢) Distinguish between the following : 10

() Black body and Gray body
(i) Absorptivity and Emissivity of a
surface
- (i) Laminar and Turbulent flow
(d) Explain the physical significance of Biot
number and Fourier number. Enlist the

assumptions made in lumped capacity
analysis. 10

(e) Describe briefly the various phases of
combustion in CI engine. 10

(%) r=fF == 6t sfomm AR/ qur <ofld &5
JUTE! F qE TH O B
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Describe the principle and working of
bootstrap air-refrigeration system using
neat diagram.

Explain the actual vapour compression
system on p-h chart clearly showing
the variation from theoretical system.
Discuss the effect of subcooling on
the coefficient of performance of simple
vapour compression refrigeration system.

wes o & v w1 @ ey ag-vee
vl @ g qun w5 awEes |

Ygfas qumelt ¥ wWE w9 ¥ oRadd @i @
p-h I8 W grafes ag wefier  yomedt
TR e a9 grdied wEfed Wonelt %
eI e W EEflaad % Wi o=l
Hif
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OR / st

At one stage of a multistage Parson’s
reaction turbine, the mean ring
diameter is 1-4 m and the speed ratio is
0-7. If the rotor turns at 3000 r.p.m.,
determine (i} the blade inlet angle if the
blade exit angle is 20° and (i) the
diagram efficiency.

Discuss the influence of reheating,
regeneration and intercooling on the
performance of a gas turbine cycle.

A ) T A WfATRAT @ % U =9
T 3lga o1 =@ 14 m o Wiy e 0-7
%1 3R ooi% (AR) 3000 r.p.m. W F&E T
2, (i) =S waw Fu, Ife = fFwm B 20°
YT (i) SAUTH €T WId FIRE

T N TR EF & T WO, gAsta
T SFausiaed & gWE F g9 A

Explain steam stop valve with reference
to its function, location, construction
and operation.

A Pelton turbine running at 720 r.p.m.
uses 300 kg of water per second. If the
head available is 425 m, determine the
hydraulic efficiency. The direction of jet
at inlet is parallel to tangential velocity
of runner. The bucket deflects the jet by
165°. Also find the diameter of runner
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and jet. The coefficient of velocity for the
nozzle is 0-97. The velocity ratio is 0-46.
The relative velocity at exit is 0-9 times
the relative velocity at inlet.

FM, R, Fwae qun warem % dad #§ Wiy =i
qed F GHETE |

720 r.p.m. | TG T T Yoo A
300 kg &1 v ufa v wHm F @ R
TRt egal y HINw AR Suwen W
425 m B! TN W S & R, T H wgffa 9
F IO B 99, A2 W 165° UrEdh Bl W
o e @ = oft wia il gus & Tl an
% 0-97 ¥ AT IFI[ 0-46 ¥ T W
qE A7, TN W g0 3 H 0-9 T L

OR / 3tern
Explain the following terms :
(i) Degree of saturation
(ij) Specific humidity
(iii) Relative humidity

~ (iv) Dew-point temperature

(b)
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(v) Thermodynamic wet-bulb teinpera—
ture

Liquid sodium is to be heated from
120 °C to 149 °C at a rate of 2:3 kg/s in
a 2'5cm diameter electrically heated
tube (constant heat flux). Calculate the
minimum length of the tube if its wall
temperature is not to exceed 200 °C.
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The properties of sodium at 1345 °C

are density = 916 kg/m?>, kinematic
2

viscosity = 0-594x107°2_  Prandtl
s

number = 0-0087, specific heat at

constant pressure = 1-3565 kJ/kg-K,

thermal conductivity = 84-9 —“—’E Use
m

the relation Nu =4.83+0.0185Pe%%%7. ,5
(i) =g hi wmE
(i) Tafire ek
(iii) | Ik
(iv) NFH
(v) SIS ATR-Sod ATIHH

(@) 2-5 cm I H forgq @ ot Ao (FBR sew
) ¥ 39 A A 120°C ¥ 149 °C
9% 2-3 kg/s # R { aifva A smw q) AR
A H A 200 °C @ @ T 8 W,
T R A wEE T ARR1 1345 °C
® W % U ¥ : W = 916 kg/m?,

2
s =o-594x10‘6n:, e

= = 0-0087, R T@ W Al F=n =

1-3565 kJ/kg-K, ST Sl = 84-9 v,
: mK
Nu=4-83+0-0185Pe %827 gy =1 v

Hifs |
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