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Euler number or pressure coellicient may be
represented as (nmalions have their usual
meanings)
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Aspillway of an irrigalion project is to be sludied
by means of a mode! constructed (o a scala of
1:9. The prototype discharge is 1000 m3s.
Neglecling the viscous and surface tension
elfecls, the required tlow rate lor the model is
a) 12.35m¥%s {b) 111.11 m¥s

(€} 4.32m¥s {d) 1.37 m%s

A 1: 30 scale medel of a submarine is to be
lested i a vwind wnnel for its drag when il is
operating at 15 kmM in ocean. The kinemalic
viscosily of air 1s 1.51 x 1075 m2/s and that (or
water1s 1,02 » 10°% m¥s, Whal is e velocity of
air in wind lunnel Ihat should be maintained for
kinemalic similarity?
{a) 1500m/s

{€) 1850.5mfs

{p) 2000 m/s
(d) 2500.5 mfs )

The geomelrical similarity between model and

protolype is achieved by

{a) using different made! scales lor horizantal
and vertical dimension

{b) using the same mode! scale throughout

{c} having (he same radius of curvalure al
identical places in madel and protolype

{d) Noneolthese

Whichol the lollowing could be ax-parameter of

the funclion §£, V,r.m, L) = Owhen V., rand Lare

laken as repeating variables?

Fluid Mechanics

Dimensional Analysis

Q.6

Q7

Qe

Q9
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A ship's model of scale 1: 100 had a wave
resistance of 1 kg at s design speed. The

carresponding vave resistance in prototype will

(@ 100 kg
{c) 1000000 kg

A harbour mode! has a harizonlal scale of 17150
and a vertical scale of 1/60. The intervat batween
successive high tides in the mode! will be nearly
(@) 90 min {b) 40 min

€} 15 min {d) 5 hours

{b) 10000 kg
(d) 1000 kg

Amodel of reservoir is empiied in 10 minules, if
the madel scala is 1:25, the time taken by the
protaiype fo emply itsell, would be

(a) 250 min {tz) 50 min

(c} 6250 min {d} 2 min

Assuraing that the thrust Tol a propelier depends
on the diameler D, speed of advance V. angular
velocity w, dynamic viscasily 1 and mass density
p.which ol the following nen-dimensional parameters
canbe derved by dimensional analysis?
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Seleclthe correct answer using the cades gven
below:

Codas:
(@ 1. 2and 3 (b} 2, 2 and 4
(c}1, Jand 4 (d) 1, 2 and 4

Q.10

a1

- Q12

Q.13

Q.14

Kmugsen numberis

(a) the ratio of mean free-path of molecules to
the characleristic length of flow

{b) a non-dimenslonal number characterising
viscous flow )

{c} lhe ralic of velocily of sound to the velocily
of light in tha medium

(d} anon-dimensional number relating the heat
transfer in the flow.

The Buckingham n theorem is widely used in the
dimensional analysis and expresses (heresuling
equation in lerms of

@) geometric, kinematic and dynamic varizbles
(b) n-dimensionsless variables

{c) (n-m)dimensionless variables

{d} theindependent and dependeni variables

Gas-fiows canbe treated asincompressible when
the Mach number is less than

{@} 05 (b} 1.0

fcy 0.2 {d)0.1

Assertion (A) : When both gravitational and
viscous forces are predominant in a flow, scale
ralio can be chosen at will, .

Reason (R) : With balh gravitational and viscous
forces baing predominant, scale ratio depends
upon Kinematic viscosity of the fluids,

(a) both A and R are frue and R is the correct
explanalion of A

poth A and R are true but Ris not a correct
explanation of A

(€) Aislrue but Ris false

(di Als lalse bul Ris true

{b;

-~

The reasons lor adopling dislorted models arg

1. lo maintain accuracy in vertical
, Measurements

2. tomaintain lurbulent flow

3. tooblain sultable roughnass condition

- 4. 1o obtain suitable bed material and ils

adequale movement
Which of these stalements are correct?
(@ 1.2and3 {b) 1,3and 4
{©) 2,3andd  (d) 1,2.3andd

Q.15

Q.16

Q.17

Q.18

Q.18

oOm>

In & model buill of Froude law of similarily, a
phencmenon fasts for 20 min. f the model scale
is 1/25, the duration of the phenomenon in the
proiglype, in minules, is

@ {b) 100
{c} 2500 {dy 4
Inan auiomabile traveling al60 kmvh, Iha power

in overcoming wind resistance is 1.5 kKW. if the
aulomobile travels at 90 km/h the power in
overcoming wind resistance, inkW, is

{a) 225 {b) 3.38
ey 5.06 {0) 7.59
inthe model ol a highway bridge construcled (o

a scale of 1:25, the lorce of water on the pipe
was measured {o be 0.5 kg. The force on the
prolotype pier will be

{8} 7501.5kg

{b) 76225kg

{c} 78125kg

{d} 79165kg

The height of a hydraulic jump in a stiling poot
was found o be 10cmin amodel with i1, =36.
The prololype jump height would be

{a) 0.6m

&) 38m

¢} 21.6m

{d) indelerminable for want of adequate data ,

Match List-l (Flow problem under study) with
List-N {Modef law) and select the correct answer
using the codes given below the lists:

List-l

Wave resistance of a boat

Valve ina pipe

Ripptes in water tank

Singing of transmissian line

List-i

kach number

Froude number

Sirouhal number

Reynoids number

Weber number

b
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Codes:

A B C D
@ 5 4 2 3
“oy 4 %+ 3 5
fcy 2 4 5 3
@ 2 3 5 2

©.20 Maich List-! {Flow problem under study) with

0.21

Uist=ll (Model law} and select the corect answer

using the codes given below the fists:

List-i

Rise of gas bubbles in liquid

Flow of gas in a pipe

Flow over a spiftway dam

Flight of supersonic jet

List-1

Euler number

Froude numbet

Machnumber

Reynolds number

. Webernumber

Codas:
A

@ 3

b 3

€} 5

g 5

Select the non-dimensional pararneler from the
following:

(a) Specific weight

{b} Manning’s coellicientn

{c} Angular velocity

{d)} Specilic gravity
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Q.22 Which of the following is a dimensionally

homogeneous equalion?
{a V= ;‘82‘38"2 {Manning's equatior)
D v=C J;ZTS{Chezy's eqution}

3zuue,
D?

M
HSF-!

fcy P= {Laminar flow in pipes)

@y A=

{Specilic speed of a lutkine)

Q.23

Q.24

Q.25

Q.28

Q.27

in which of (he following situation, the viscous

force rs unimpontant?

(2}, fiaw of incompressible fluids in closed
_pipes '

(&) rrotionof aeroplanes

) capilarywavesinchannels

{c) resistance to motion of a ship

In-which of the following silvations, tho inerlia
forcevould be unimportant?

(aj fiow over a spilivay crest

{0} Hfow through an apen channel iransition

() i through a long capillary tube

(d) Al of the above

S
In steady, iscthermal flow in long pipe lines, the
signifficant value of Mach number lor determining
{rends in flow propenies is

1
(& Jk Gl

1

@ & oy

Wrichia! (he following rules are used in choosing

ne repeating variables in dimensional analysis?

1. Repeating variables should include the
dependentvariables.

2. Repeating variables should contain ail
pimary units used in deseribing the variable
in the problam. '

3. HRepealing variables should combine ameng
fhemselves,

4. Repeating variables should nol contain the
dependent variables.

Select the carrect answer using the codes given

belov

Cades:
{a} 1and2 {o) 2and 3
() 2and4 (d)3and 4.

With rvariables and mfundarmental dimensions
in a system, which one of the following
slatemenis relaling 1o the applicalion of the
Buckingham's p/theorem is incoriect?

Q.28

Q.2s

{a) With experience, piterms can be wrillen
simply by inspection of variables in a flow
syslem.

(b) Buckingham's pf theorem is not directly
applicable in compressive (low problem

{c} Buckingham's pi (heorem yields
dimensionloss pi lerms given by the
dilferance between the number of variables
and the number of fundamental dimensions

(d) Buckingham’s pi theorem reduces the

number of variables by the number of
lundamental dimensions involved,

Flow ol air can be consideted lo be
incompressible within 1% error il the Mach
number of low is less Ihan
{a) o1 (o) 0.2
{c) 04 () 0.6

In order that results obtained in modal siudies
correctly represents the behaviour of the
prototype, which of lhe following similatities must
be ensured belween the model and the
prototype? '

(@) Geomelric similarity

(b) Kinematic similanty

(€) Dynamic similanly

{d) Al of the above

Q.

Q.32

Q.33

(¢} hoth posilive and negative
(d) noneollhcabave

Which of the lollowing statements are carrect?

1. Kinematic similarity is necessary and
suflicient condiition for dynamic simitarity.

2. Geomelrical similacity is necessary
candition for dynarnic similarily.

3. Geometrical similarity is necessary
condilion for kinematic simiarily,

4. Dynamic similarily is necessary condition
Jor kinematic similarity.

Codes:
(@) t1and2 (b) 2and 3
“fc) 1,2and3 {d) 1,2and q

Alaboratory model of a river built 1o a geomelrical
scale of 1; 100, the fluid usedin the medetis il
of densily 900 kg/m3. The highest flood in Lhe
tiver is 10000 mfs, the corresponding dischargo
in the mode! shall be
(a) 0,093ms

() 0.105m%¥s

(b) 0.1 m¥s
(d) 10.5m¥s

Two geomeirical similar pumps are running at

the same speed of 100 rpm and litting water
against head of 25 m and 16 m respectively.
The first pump is having impeller diameter ol
300 mm. Whatis the impelter diarnater of secend

Q.30 The scale affect inmodels can be pump
{a) positive only (@) 192mm (b) 240 rom
{b) negative only {c) 300mm (c) 468 mm
‘ [T 1]
Dimensional Analysis
1) 2.() 3.() 4 S5 () 6.() 7.(0) B () 9 (c) 10.(d)
1. (e} 12. {c) 13.(d) 14. (d) 15. (b} 16.{c) 17.(c) 18 (b} 19.{c) 20.(d)
21.{d) 22, {(c) 23.{c) 24.(c) 25. (b} 26.{c) 27.(c) 28.(b) 28.(d) 30.(c}
31.(b) 32. (b) 33.(b)




SLUGUCLHEDEY  Dimenslonal Analysis

2.

]
Discharge ratio, Q, = 125
Prolotype discharge = 1000 ms

Mode! dischargo = (lg—g =412 m¥s

(c)

The Reynold's model law shall be appliedinthe
case of fully submerged objects

Yok Wiy
Vo \'g
- yfte }(i]
vp L
-5
- 15x-‘—'§i‘ﬂ?xso
102x10°

= 6661.8 km/h = 1850.5 mjs
The Reynald's model law ensures dynamic,
kinematic and geomelric similarilies.
{b)
Geometne: similarily exists between the model
and the prototype il Ihe ralios of corresponding
length dimensions inthe model and the profolype
are equal, Different model scales for horizonial
and ventical dimension are used in a disiorted
model. Geomotric simitarity is achieved by using
Sama model scale throughout,
(c)
A n parameler is constanl and has zero
dimensional unit i.e. RAILOTO,

(¢)
poho L 1
"o T 00

Froude model law is applicable here becayse
ofinfluence of gravity force. Using Froude model

Law

V=
Fu _ 1kg _ VD
Fy Fe s V‘

5N

11,

=(P=2= [m]a

or, Fp = 1000000 kg = 105 kg
(0}
Time scale
I:ﬁ:é’-:i
RN

and Tidal velocity V = fgy
V60

[ - 150 _ V6O
' J’I 150
60
Taking =12 hrs, .
50

= b
{n = 12x60x 750
= 37 min. =~ 40 min.-

(b)

{c)

Numbosr of variables = 6

Number of lundamental dimensions =3
. Number of dimensionless parameters
=6-3=3 )

Take D, V, and p as repeating variables,

v . . :
—:l—D- will not be dimensionless number as its

dimension is [-'L7)

(e} .

Buckinghan's n-theorem slates that if there are
n variables (independent and dependent
variables)ina physical phenomenon and it these
variables contain m lundamental dimensions
{M, L, D), then the variablgs aro arranged inio
{n- m) dimensionless terms. Each term is called
w-term.

15,

16.

17.

19,

1]
f=Fy
f = ij=’£
p
t 20
[ = =
= o= 1 " Jies
) g.—.ﬁx?ﬂ
= 100 minvies
{c)
Power, Po 0

thn the automobile ravels at a speed of
90 ke, power

9
p= 1.5x§ =506 kW
{e},
F=iP

T

- 2o

5 05 _(1¥
F o |25

Solving, we gel

F,=25%x05
~ = 78125kg
{c]
Strouhal number § = f:—:j-
where,

n = frequency of sheading of vortices
o = diameler of cylinder
V=ftee siream velocity

3,

Alternale shedding of vorticos fromthe {wosides
of a cylinder gives rise 10 the phanomencn of
“singing™ of {elephone or power tines in thawing,

o)
1t is possible to have kinematic similarity yet no
dynamic similarity,
o
L= —-
Q- 10000 .0, =7

iR
=(T(:Te} 10000 = 0.1mPfs

(B}



