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Time: 3 Hours Total Nlarks: g0

N.B: I) Question No. I is contpulsory.
2) Attempt any THREE quesiions our of rernaiuing FIVE questions.
3) Assume suitable data wher:ever necessary.
4) Use of Craph paper is alloweJ.
5) Figures to the right indicare full marks.

l. Answer of the tbllorving questions larty Four). (20)

i) Differentiate berween systematic errors and random errors.

iD What are optical flats? Holv can optical flats be used for checking flatness?
iii) The dead zone of a certainpvrometeris 0.15% of the span. The calibration is 5000C to

8590C. What temperature change may occur before it is detected?
iv) Whar is RTD? How does it work?

v)DefinecontrolSySteln'Whattherequirementsofagoodconh.olsystem?

vi) Using Routh's criterion examine the stability of a control sysrem whose characteristic
equarion is Ss +S4 + 2S3 + 2S2 + 35 + I5:0

2' (A) Explain the'Tltree tuire Lterhocl'used in screrv thread measurement. ( l0)

(B) Draw the root locus and cotnuent or4the stability of the control systeln having open ( 10)
loop transler function as follows: 

KG(s)H(s):Ffu

3. (A) Explain generalized measurement system elemenrs with block diaEam. Deseribe (10)

lunctions with suitable examples

(B) with neat sketch, expiain the constructional fea[ures and rvorking of (10)

i) Ulrrasonic Flow Meter

ii) Parkinson's Gear Tesler 
\

4. (A) Describe with neat diagrams the construction and working principle of lotrization snd .OO)
Tltermal Conductivity gduges for pressure measurement.

(B) A uniry feedback sysrem lias (l 0)

100
G(s) : sr(0.s.r+1)(s+2)

a. Type ofsystenr

b. En'or constants Kp, Kr, Kn

c. Find steady state emor for unit parabolic input
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Paper / subject cod,e:32621/ Mechanical Nleasurements & controls

5' (A) Design a general rype of Go and No Co ptug gauge for inspecting a hole 25 dg. Given (10)

i = 0.40 Dt/r + 0.001D micron

a) Tolerance for hole = 25 i
b) Fundamental deviation of hole = l6 D0.44

c) Wear allowance = l|%gauge toleranCe '

(B) Define the terms a) Rise time, b) Peak time, c) Senling time d) peak overshoot with (10)

, 
respect to transient response of a system.

,

6. Write short note on (any Four) 20
''l .*

c) LVDT
d) RepeatabilityandReproducibility

e) Strain Gauge based load cell

. D Irequency Domain Specificatio4po ', 
, 

, 
'-

..:,\
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Paper / Subject Code: 32622 / Thermal Enginnering

g? La,)e - too 85 + t t

[Time: 03 Hours] [Total Marks: 80

ting five cluesriotts.
. Figm'e to tlte right indicates ftill ntarks.
. Assmne suitable data wlterever reqrtired, but jttstify the same.

Q. 1 Solve ANY FOUR questions fi'om following. (Each question carries 5 marks) 
*t";f

a) State and explain Fourier's larv ofconduction.
b) Discuss the relation between thermal boundary layer and hydrodynamic boundary

layer r,vith respect to variatiou in Prandtl number.
c) Explain the concept ofcritical radius of insulation rvith reference to a cylinder.
d) Define overall heat transfer coefficient and explain its significance.
e) Explain knocking in SI engines and methods to suppress it.
t) Explain the term Voluntetric Efficiency in internal combustion engines. "i

\

Q. 2 a) During the trial of a single-cylinder, four-stroke oil engine, the following results were 8
obtained.
Cylinder dianreter: 20 crn
Stroke = 40 cm
Mearr effective pressure : 6 bar .i.-.
Torque:407 Nm
Speed :250 rprn
Oi1 consumptiron : 4 kg/h
Calorific value of ftiel : 43 MJlkg
Cooling water flow rate: 4.5 kg/min
Air used per kg of fuel : 30 kg
Rise in cooling water temperltur-e = 45oC
Temperafure of exhaust gases : 420oC
Room temperature: 20"C
Mean specific heat of exhaust gas : I kJ/kg K
Specific heat of water = 4.1 8 kJ/kg K
Find the ip, bp and draw up a heat balanc-e sheet for the test in kJ,/h. 

\
b) A wall of a fumace is made up of inside layer of silica brick 120 mm thick covered '-12

with a layer of magnesite brick 240 mm thick. The temperatures at the inside surface
of silica brick wall and outside surface of magnesite brick wall are 725"C and
11OoC respectively. The contact thermal iesistance befween the two walls at the
interface is 0.0035'CAV per unit rvall area. If thermal conductivities of siiica and
magnesite bricks are 1.7 W/m'C and 5.8 WmoC, c4lculate
(i) The rate of heat loss per unit ar-ea of wal1s, and
(ii) The temperarure drop at the interface.

Q.3 a) Airatatmosphericpressu'eand40'Cflowswithavelocityof U=5m/s overa2m 8
long flat plate whose surface is kept at a uniform temperarure of 120"C. Determine
the average heat transfer coefltcient over the 2 m length of the piate. Also find out
the rate of heat transfer between the plate and the air per 1 m width of the plate. [The
thermo-physical properties of air at I atm. and 80oC are p:2.101 ,. 10-s m2ls, k:

. 0.03025 WmK; Pr: 0.69651. Use the following con'elation:
Ni = 0,664 (Rer)t/z7pryr/z
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Paper / Subject Code:32622 / Thermal Enginnering

b) The air flow to a four cylinder, four-stroke oil engine is measured by means of a 5 cryr
diameter orifice having a coeffiorent of discharge of 0.6. During a test on the engine
the following data were recorded : bore : 10 cm; stroke : l2 crn; speed: 1200 qrm;
brake torque : 120 Nm; fuel consumption: 5 kg,&r; calorific value oifuel :42MIkg;
pressure drop across orifice is 4.6 cm of water; ambient temperature and pressure aie
l7 oC and I bar respectively. Calculate

i. the thennal efficiency on brake power basis;
ii. the brake mean effective pressure and
iii. the volumetric efficiency based on free air condition.

a) The temperature of an air stream flowing rvith a veiocity of 3 m/s is measured by a
copper-constantan thermocouple which may be approximated as a sphere of 2.5 mm
in diameter. Initially the junction and air are at a temperatwe o f ZS.C. The air
temperature suddenly changes to and is maintained at 215'C. Determine the time
required for the thermocouple ro indicate, t.rp..uru.e of l65oc. The thermal

' junction properties are: p^ = 8750 kg/mr, c = 3g0 J/kg'c, k (thermocouple) : 2g
W/m'C and h: I45 WmroC.

b) The flow rates of hot and cold water streams running through a parallel flow heat
exchanger are0.2 kgA and 0.5 kg/s respectively. ttre intet tJmperatures on therhot
and cold sides are 75oC and 20oC respectively. The exit temper-ature of hot ,ru,.i i,
45"C. If the individual heat transfer: coefficients on both sid.s ur. 650 W/m2 "C,
calculate the area ofthe heat exchenger.

a) Calculate the shape lacrors lor thc co,figurations shown irr the Fig.

"ii: 
-'

,j,ot''-

:. ,ri '"r. ,.', ,t,

'$' l'"1'

a,,.,,_,.., _,.:, _,,_, r"_,_-,,r1,1,,,'1.

^' :::illliJ,T,'fi:,';[ "
b) Explain willan's line method for measurement of frictional po,ver.
c) Illustrate the variation of temperature of hot fluid and cold fluid from inlet to outlet
_- T.:3r. ofa parallel flow heat exchanger andcounter flow heat exchanger.
d) Differentiate belween the efficiency and effectiveness of an extended zurface.

a) Explain Nucleate boiling and Film boiling.
b) Why is short ignition delay favourable for CI engines whereas it is undesirable for an

SI engine?
c) Srate and explain Fick's Law of diffusion.
d) Explain different types of emission control norms implemented in order to control

the air pollution due to IC engines.

12

Q.4

.12

Q.s

5

5

5

5

5

5

\5

Q.6
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Paper / Subject Code: 32623 / Dynamics of Mechinery
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Time: 3llours

N.B^

1. Question No. I is compulsory
2. Answer any three questions from reaming questions
3. Assume suitable data if required
4. Figure to the right indicates full marks.

Total Nlarks:,80

Q I Solve any tbur
t20l

l' state the different type of goverxors. Explain construction and working of centrifugalGovernor. : \,

2. Explain two mass dyrarrrical equivalent systems, ,.. t

3. Explain Static and Dynamic Balancing
4. Cornpare Viscous aud Coulomb damping.
5. Classify vibration measuring instruments? Explain anyone.

t,

Q 2 A) A porter govemor has equal rxass each 250 rnm long and pivoted on the axis of rotation.
Each ball has a mass of 5 kg and the mass of the central load on the sleeve is 25 kg. The
radius of rotarion of the bari is I 50 mm when rhe goverrror o;;;; ro lrt una 200 mm when
the govemor is at maximtim speed. Find the range of speed, sleeve lift, govemor effort andpower olthe govelxor in the follo*,ing cases: i;i

(i)When fi'iction at sleeve is neglecred?
(ii)When fiiction at sleeve is equal to l0 N?

Q2 B) The comecting rod of a gasoline engine is 300 mm long berween its cenrres. It has amass of I 5 kg and mass of inerria of 7000 kg_mm2. tr, ..nrr""of g."r*, ,; ;, ;;;;"; ;; 
"its small end centre. Determine the dynamicai equivarent rwo-mass ,,,.1l;;;ifr.ffi; '

rod if one of the masses is located at the smal1 end centre 
t10l

Q 3 A) Determine trre narural frequency ror the given system as shorvn in Fig berow tr0l

it':;-."
_*_i

.. \:
1 . 'i: ..-'.

- ", ' .,, ' ,- *.,*;.
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Paper i Subject Code: 32623 / Dynamics of Nlechinery

e3 B) Derive the equation for critical speed of a light shaft rvith a sir-rgle disk rvithout damping

t10l

e 4 A) A Vibrometer has a period of fiee vibration of 2 sec. It is attached to a machine lvith a

vertical harmonic frequency of I Hz. If the Vibrometer mass has an arnplirude of 3 mm relative

to the vibrometer frame, r,vhat is the arnplitude of vibration of machine? tl 0l

e 4 B) A seismic instrument r.vith narural fiequency of 6Hz is used to measure vibration of

machine running at 125 rpm. The instrument gives reading for relative dispiacement of mass

as 0.05nrn. Determine amplitude of displacernent, velocity and acceleration of vibrating

machine. Neglected damPing [10]

Q 5 A) A,B,C,D are four masses carried by a rotating shaft at radii i00mm,125mm, 200mm,

and l50mm respectively. The planes in which masses revolve are spaced 600 mm apart and.

rnass of B,C,D are 10kg, 5kg, 4kg respectively. Find the required mass aud angtlar position of

mass A in order to have complete balance. [101

e 5 B) The rurbi1e rotor of a ship has a mass of 3500 kg. It has a radius of gyration of 0.45 m

and a speed oi3000 r.p.m. clockwise rvhenlo'oking fi-om stetrt. Detennine the gyToscoplc

couple and its effect upon the shtp: l1 0l

1 . When ttre ship is steering to the left on a curve of 100 rr radius at a speed of 3 6 km/h.

2. When the ship is pitching in a simple harmonic motion, the borv falling rvith its maximum

velociry. The period of pitching is 40 seconds and the total angular displacement between

the fwo exffeme positions of pitching is 12 degrees

e 6 A) ln Hartnell governor, the lengths of ball and sleeve arms of bell crank lever are 120 mm

and 100 mm respectively. The distance of the fu1crum of the bell crank lever from the govQmor

axis is 140 mm. Each govemor ball has a mass of 4 kg. The governor nms at a mean speed of

300 rpm with the ball arms vertical and sleeve arms horizontal. For an increase of speed ol+Vq

the sleeve moves 10 mm upwards. Neglecting friction, Find t10l

(i)The minimum equilibrium speed if the total sleeve movement is iirnited to 20 mrn.

(ii) Spring stiffness.

(iii)The sensitiveness of the governor

e 6 B) A vertical double acting steam engine has a cyiinder 300 mm diameter and 450 mn:r

stroke and runs at 200 r.p.m. The recrprocating parls have a mass of 225kg and the piston rod

is 50 mm diameter. The connecting rod is 1.2 m long. When the crank has turned through 125"

from the top dead centre, the steam pressure above the piston is 30 kN/m2 and below the piston

is 1.5 kN/m2. calculate the effective tuming moment on the crank shaft. l1 0l
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Paper / Subject Cod,e:32624i Finite Element Analysis

Time: 3 Hours

o Question No.l is compulsory. '
o Solve ANY THREE questions from the remaining five:questions.
. Figure to the right indicates fuil marks.
r Assume suitable data wherever required, but justify the same.

Q.1

a)

b)

c)

d)

e)

Q.2 a)

ct- y___:_)_1t_2=0; 0<x(1,dx2'r
,, 

, i, ,, ' BCS; y(0) = y(1) = 0 ,:j

..: 
' b) Deiive shap-.e functions for lineaf bar elem'6nt in local coordinates and show the-:-.Variations.overelemi:ntdomain.--:,

Q. 3 a) For the triangular etelelt show-n-in figure, the nodal values of displacemenr are :- 
....' ' ttt :.2.0, uz : 3.0, u: : 5,0 .,, :f 

,

:r: ,' .: ,, v1 = 1.0, vz=2.0, v:= 3.0 _: ,

Determine the displacement (i.e. u, v) of point p e,2) within the element.

10

G.p(r&t,loogzTs)

lVlarks: 80

Solve ANY rouR queitions fr'm forlowing. (Each question carries s mjrks) 
*;f'

Differentiate betvleen Essential and'Natural boundary conditions:*ith suitible 5
exarnples.

Summarize the propertie:s of shape functions. ,,il r.' 5

Explain lumped mass matrix. corrsistent mass matrix and HM lumping scheme '5
wi th suitable examples.

Distinguish between h and p methods of mesh refinement with necessary 5
i I I ustrations.

Describe the signifrcance of principl. of minimrrm potential energy. ' ,' ,

Solve,the following differintial equation by Galerkin,,method and Sub_domain l5
method for y (0.5).
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I

b) Solve the following differential equation by Ruyl"rgh Ritz method. '.: 10

a*i_toxziS: . 0<*<1 ,='. ,1,..-- ,-l :_,

GivenBoundaryConditionsare:.y(0)=,,(1)-0.i.........,..:]'....ii.:...,
-l::. ',.

For a uniform cross-section-bir of length I. : tm made up of a rnaterial h-a,yfng 10., "

E: 2 x l0rr N/m2 uod p 5-l:7800 kd*', estirri,ate the ni-ilral frequencies of 'a*lal :..:,:ii':'

vibrations of the bar ,r#! Uott consisterrt and lumped mass miki""s. U.ii a two ,f i

element mesh. If the.eiact solwion is given by the relation. I 
, , 

i

ai : ? l" , i = 1-;3,5, ... ... ..... m. Compare your answer and give your :' zL{P .,, i "' :

comments. e = SO x -10 
-t m2.

Figure shows u 
"lsti.. 

of four springs. Calculate.iieflections of ea"h:spring;vfiin 1[;';"-

urlr"e'ltjrzoool*,:is appuea. Modelthe springs.'as l-De.lement. ., .,':'" 
t' 

,.:':

JU 1\/Ullll

Ther-CST elementhas noiial coordinates (!0;10), (70i 35) an-d,(r5,25) fornode

-l.i aoae 2 ,3!d'node Jiitp""tiuUy. The eut is, i mm thick and is of material

iwith prgfties E=j0 GPa qis*oni5iiatio is-.0.3. Upon'ioading of model the

nodal.dtiflections.fuere found to be'u,i:0.01 ritm, vr : -0.04 mm, u2 : 0.03 mm,

vz ?::0.02 mrn, : : -0,02 mm and vl: -0;04 mm.

1 fle Jabobian for:(i-y) - G- n) transformation-:'

ii) Th.siStrain di$iu."*.rrt relation matrix. . 'r'
,i,t' \

Paper / Subject Code:32624 / Finite Elgment Analysis

.,-.,t Page 2 of 3
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Paper / Subject Code:32624 / Finite Element Analysis

b) Consider a plain composite rval1 which is made of 
1w1 .laterials'of 

thermal

conductivity ku:2o4wl* "c ut'a kJ:l 46 W/m "C and thickness hu = s cm ald

hu :2.5 
"*. 

Mutt'iul A adjoins a hot fluid at 150 "C for which heat tran-sf::

coefficient ua : 11,67 w/mr".c and the material B is rn conta:, 
Ynn 

a cold-fluid

at 30 oc and heat transfer coefficient or : 23.6 W/m2 oc':"'"*1t" rat::f 
,ett

transfer through the wall and the ternperature at the in!€rface' Th6 wail is 2 m

high and 2.5 m wide'

10

150 
0c,

ao = 11.67 W lmz 
oC

30 0c,

do = 23.6 W/m'"C

CI

Determine the'unknown reactions and displacer

shown in figure.

(2, 3) (4,3)

@ o

D

(2.s,2.s)

10

Q.6 a)

in the figure' 10
b) Coordinates of nodes of a quadrilateral element are as' th:Y1,
' 

i.*O*uror. alrt iUution at-each.node is computed as Tl : 100'C' Tz : 60oC'

T: : 50.c and r. : s0Jc calculate temperature at point p (2.5,2.5). Use local

co-ordinate sYStem'

aDr" (2, 2)

J f?)

t4, 2.)
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Paper / Subject Code: 32628 / Statisticil Techniques ..,i -
' :r:

,,.^ :1 ' 
tl': ' :;'

.;,:.- ..:". 
. 

.] , .: :r,

Q. 5. (a) What is analysis of variance (ANOVA)? Describe its assumptions. (10)
(b) A company wants to test if departnibnt (Salar Admin) and shift iMorning, ( 1 0)

Evening)influenceemployeeproductivity..fhefo11owingdatalGinits..-
completed per day) are collected:' .:,i" .:,i,: .

: .: ' 
: 
' '- 

:': t 
.,. ,,it'

Morning ...' Evening ':' .:.-' .:,,,

Sales 80,85,82 ' 78,76,77 : ,,-l' ,.'
Admin 70,72,75 68,65,67

,,:;.
Conduct a two-way ANOVdana delerrnine if: :l .:''-' ,j'' :

:-. ,' .:'"
a. There is a significant difference in productivity between

,t b. Shift timings have a significant effect.

.,..:i' c. Thiiie is a d,ep'artment X shift interaction .-..r .,i' 
,,,,ii, .

.. ,,- -,, \

Q. 6. (a) r6i ronowiil! data gii;as the q1*[s obtaiirid by students in two subjects-.ts 6A)
"..:SubjectA"j-5,40,45,..5.,055,60,6j::.],.--.,

(a) Compute Pearson's cqrrelation coe ffi c i ent.
i:" 

:-! 
,.i.:' 

^ 
,:.,: ,:,4,., ,..::' ,t-.' ..r ,., I

,..::: .:... .. , t._

..:', r:i .:'. .:r i '-
-:,..

:-,,'.:.' ..:{b) Explain Chi-.gLgiiare test--''' :,,,:;' (10):.....;.'..l..!.,..,.:|:..',...1..,,,

,. r.,1. r.* r( r. t * *i<**

.l
t,
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