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1 zr. Explain cclr-rilibrir-rm lvitir rc
b. Determinc the requirecl

Fig Ql(b) fbr static cquilibri
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Fig.Q 1 (12 Marks)

Determine the or:t ol balance primary and secondaty forces and couples on this engine,

taking a plane rlidrvay betrveen the cylinder 3 and 4 as the re ference plane. (16 NIarks)
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2 a. Explain l)'Alernbcrt's principle. (04 Nlarks)

b. A slide r crank nrechanisrr.r of a single cylirrder diesel engine shown in Fig.Q2(b) is subjected
to a qas fbrce o1'18000 N. fhc crank rotates countcr clockwise at a constant speed of
l8-50 rpm. Dctcrmine (i) Forcc Fr+ and Fr: and the torquc T2 exerled by the crank shaft on

the crank lbr equilibriLrm. (ii) Magr-ritude and direction of the shaking force and its location
from point Ou. Take m2 = 2.-5kg, r*:3.7kg, ma:3kg, I2:0.0055 kg-*', Ir:0.041 i<g-rn2.
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(()tl Nlarks)

in Fig.Q8(b) by using (i) Newton's method
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(08 NIarks)
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Module-3
Definc the fbllow'ing :

(i) Isochronism (ii) Sensitivcness. (02 Nlarks)

A pu,a", govemor has equal arms each 250nlm along ancl pirroted on the axrs of rotation'

Eacir bail has a mass of 5 k-s ancl the rnass of cettfral loacl otl the sleeve is 25 kg.'l-he raditrs

ol rotation of ball is 150rnrl when the govclxor begir,s to lift arld 200 mm 1vhctr the

governor is at rnaximum speed. Fincl the range o1'speeci, sleeve lifl, govemor c{ rt ancl

powcr of the govenlor in the follorving cilscs:

(i) Whcn the fiiction at tl're sleeve is neglccted'

1ii; fVhen the friction attire sleeve is eqr-rivalent to l0 N' (l4xlarlis)

ol{
With a neat sketciles. explain rhe efltct tlf g1't'oscopic cotlple on steering o{'aeroplane' when

it takes aright turn. Tlte runs is ciockn'isc rvhen viewcd lioln rear' (0'l Nlarks)

Each rvheei of a lnotor cycle is ol 600nrm di.at-netcr atld has a molllent of inertt:r ol
ii f.g-rr..,' The total mass of rhe rnotor cvclc ancl ricler is 180 kg and the cornbincd centre ol'

mass'is 580rlrn abot,e the ground 1evcl. When tltc -tttotor cycle is r-r1lnght. The tllomctrt of

i,efiia of the rotatingparts Jf the cngine is 0.2 kg-nt'. T1.," engitre speecl is 5 tirnes the speed

of the r,vheels and is in the salr-ie sense. Detenninc thc anqle of'lieel l-lccessary rvhen tlie

rnotorcycle takes a tunt o1'35ni raclius at a specd of'.-54 kmph. (l2l\'llrrks)

M ocltr lc-4

Deline the lollowing :

(i) pcriodic morion (ii) Resonance (iii) Degree of frceclotr.i (iv) Phase angle {0'l Nlarks)

Add the following motion analyicaliy and check thc solr.rtion graphically.

xr:2 cos(wt + 0.5)
xz : 5 sin(wt + 1.0) (12 Nlarks)

OR
Determine thc Natural fi-equency of the systerr shou,n in Fig.QS(a).

.J



Module-5
9 a. Set up thc diffcrcntial cclr"ration fbr a spring mass

solution tbr the nndcr dar-r-rpccl condition.
b. In a spring nrass systcl-n, thc rnass of l0 l<g

l0 a.

15ME52

and obtain the complete
(08 Marks)

40 oscillation in 20 seconds without

b
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OR
Define the temr "Transmissibility" derive the expression lbr transrnissibility ratio due to
Iurrrnorric cxcillttiort. (08 Nlarks)

A urachine rnass one tonrr is acted upon by an e xternal force 2450 N at a fi'equency of 1 500

rpnt. To reduce the cfltcts of vibration. isolator oln-rbberhaving a static deflection of 2 mm
uncler the rnachine loaC and an cstimated darnping factor r:f 0.2 are used. f)etermine
(r) Force transrnittecl to the ibLrndation
(ii) Amplitude olvibration olthe nracirinc
(iii) Phase 1ag of the transnritted forcc lr,ith respect to the extenral force. (08 Nlarks)

**,kit*



ffiffiffiEMH
USN 15ME53

ulylAugu st 2022

Max. Marks: E0

from euch module,

Filth Semester B.E.

Time: 3 hrs.

Note: Answer any FIVE full q

1 a. Describe thc parts of'a
b. F:xplain tlie efTbct of'Reyncr

4

5

ONE full question.
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th ncat sketch.
in turbor-nachines.

(08 Marks)
(04 Marks)

6a What is mcant by rcac
( 509 o Reaction) turbinc

a)I C(.)S {}
n = 

_"''.*l
' I snut ll Cos- ({,

OR
tion staging? Prove that thc maximum stagc efficicllcy of Parsotr's

is given by

I o1'2

(Otl N{arks)

(08 Marks)
(08 Marks)

Turbomachines

Module-2
Dcrive Euler's turbinc equation with usual notatiot-t. (0tt llarks)
In a radial inward flow turbine, the runner outer diameter is 75 crn and the inner is 50crn

The runncr speed is 400rpm. Wate r enters mnner at a velocity of 15 m/s at an angle of 15' tcr

the whee I tangent at inlet. The flow is radial at exit with a velocity of 5 mis. Fincl blaclc

angles at inlct and exit. Also find powcr output for a mass flow rate of 1.5 m'/s, degrec ol
(08 Nlarks)rcaclion and utilizalion factor.

OR
Define degree of reaction. For an inlet blade anglc of 45'. blacL- rpcccl at crit as tr'r,icc of

that a1 inlct ancl a ir.rlct whirl velocity of zcro valuc. prove that R - 
(l*t!1!]

4

For a radial outward flow turbine where, p : Blade anglc at cxit, R: Degrcc olrcactiott.
(08 Marks)

b. Show that fbr maximum utilization of an axial flow turbine with R: %, tire spccd ratio is
. 1/

given by b : % cos cr,r , wlrere crr : Nozzle angle at inlet with respect to tangcntial direction.

(0tl NIa rks)

Nlodule-3
What is compounding'/ Explain pressure compounding rvith sketch. (06 \Iarks)

A single stage impulse turbine rotorhas a diarnctcr of 1.2m running at 3000 rpm.-fhc not.rlc

angle is l8o, Blade speed is 0.42.'fhe ratio of rclatil,e velocity at outlct to rclittirc t'clocilr rtl

inlet is 0.9. The steam flow rate is 5 kg/s. Draw the velocity diagram and find the lbllowing:
(i) Velocity of whirl (ii) Axial Thrust (iii) Blade angles (iv) Power devcloped.

Takc B2: Fr lo . (lo N{arks)
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Lll - Tangential velocrty o1'

lade discharge (08 Marks)
b.A pump I.9 cm widc al outlct

The vane angle is the area. Thc manometric
1S Determine the head generated by the pump

so determine the power required.
(08 Marks)

OR
Lin axial flor,r, compressor. AIso sketch thc velocit)' trianslcs at

(08 NIarksl
at 15,000 rprn and produces stagnation pressure ratio of 4

outlet. The stagnation conditions of air at compressof intakc
The absolute velocity at contpressor intake is axial. l-hc

between the impeller
are I bar. 25oC
ctlmprcssor has radial at exit, such that relative velocity at cxit is 13-5 n-r/s zurd total to
total efllciency tl is 0.78. Draw velocity triangles and compute slip anc'i slrp
coel'ficicnt. diameter of 58 cm.

>k*+*{<

l0 a.

b

2 of 2

(08 Marks)

15ME53

OR
Brielly explain the ditfere nt type of dratt tubes with neat sketche s. (0tt \,Iarks)
A tlircc jct Pclton turbinc is required to gcncrate 10.000 kW uncler a hcac'l o1':100m. I-hc

blaclc anele at outlct is l-5'anri the recluction in rclativc r,clocity whilc passins orer thc
blaclcs is 59r4. If'overall ctilciency of whccl is 809'0, Cl, - 0.9ti and spccd ratio,,,.0..16, tind
(i) T'otal flow in m'/s (ii) Dischargc through cach jet (iii) Dianreter of .jet
(iv) Force exerled by jet on whcel. (08 Marks)
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Note: l. Answer any FIYEfull
2. Use Data hand book

ONE full froru each module.

jrlii:l!$*-
Module-1

in machine design.I a. Explain the general

b. A ul0mrn di
load of 90Nm in Fie.Q1(b)

sttess.

(06 Marks)

rod supports 8.0kN in addition is subjected to a torsional
the maximum tensile and maximum shear

qa

(10 Marks)

is not so

(04 Marks)
Calculate

Fig.Q2(b) (12 N'Iarks)

Module-2
a. Derive an expression fbrutr.r, i,",d]ffin the rod clue to axial impact of a weight 'w'

<lropped lrom a height 'h' on a collar attached at the free end of the rod' (10 Nlarks)

b. An unknown weigh"t falls through 15mm on to a collar rigidly attached to the lower end of a

vertical bar l.5rrilong and 500sq rnm section. If the maximum instantaneous extension is

?rnfi), what is the cor:r-esponding stress and the value of unknown weight? Take E: 200GPa'
(06 Nlarks)
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9a.

b

l0 A rveight of 500kN is a speed of
of 50 x 8 cut on thr:m screw rods
deten-nine :

i) Torque
Speed of

screw rods with square threads

bevel gears drives by a motor,

stafi

(16 Marks)

assurning the threads are of double
the cross section of the screw rod

6mlminr.rtc by two
are driven through

raise the load
fthe screw rod

induced in
of screrv drive

ii)
i ii)
iv)
v)
vi)

! :: aiiriil

The
l'he
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Module-5
A bolt in a steel structure is subjected to a tensile load of 9kN. The initial tightening load on

the bolt is 5kN. Determine the size of the bolt taking allowable stress in the bolt material to

be 80MPa and K : 0.05. (04 Nrarks)

An MIO steel Bolt of 125rnm long is subjected to an impact load. The kinetic etlergy
absor{.ctl by the bolt is 2.5.1. l)ctcrutine:
i) Stress in tl,e shank of the bolt if there is no threaded portion between tl-re nut and the bolt

head

ii) Stress in tire shank if the area of the shank is reduced to that
or the entire length of the bolt is threadecl.

OR

the root area of the thread
' (12 Marks)
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