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Q.1

Q2

Magnus effecl may be used advanlageously in
garﬁes such as cricket. lennis, lable lennis and
goll. tn order to obtain a lilt, i.e. a rising curve
for the trajectory of the ball, fromlelt lo right, the
nalure of the spin 1o be given is

(@) anliclockyise in Ihe verlical plane

{b) anticiockwise in the horizonlal plane

(c) clockwise in the vertical plane

{(d) clockwise in the harizonta! plane

Maich List-] with List-1l and selecl the correct

answer using the codes given below 1he lists:
List-1

@] is 7ero
Yo
{le is+ ve
% J.o

C. Dispfacement thickness
D. Momenlum thickness

List-

The llow is allached flow

The llow is on the verge of separation

3T u
3. ja E["‘a]d}

4, j:(1—5)dy

N =

Codes:

A B C D
@ 1 2 3 4
® 2 i 3 4
€ v 2 4 3
@ 2 1 4 3

Q3

Q.4

Q35

Q.8

Qz

Fluid Mechanics

Boundary Layer Thickness

“A lhin smooth plate 1 m wide and 2 m long is

lowed thraugh waler al a vefocily of 2 mfs,
Assuming thal boundary remains laminar, then
drag on bath sides of the plate is (kinemalic

viscosily = 108 m?fs)
(@ 53N (b) 266 N
(c) 53N {d) 725N

The velocity distribulion for {low over a plate is
given by u = 0.5y~ ¥’ where 'v'is lhe velocity in
m/s al a distange "y meter above the plae. I
the dynamic viscosily of Ihe fluid is 0.9 N-sfm?,
then what is the shear siress al 0.20 mirom the
boundary? .

(@) 0.9 Nfm?
{c) 2.25 N/m?

{b) 1.8 tjm?
(d) 0.09 Nfrn?

Inthe case of 2 sphere placed in a (luld stream

(@) flriclion drag is very large and pressure
drag is zero

{b) pressure drag is very large and friction
drag is praclically zero

(c) pressure and Iriction drags boih coninbute

almos! cqually
friction drag is predominant and pressure
drag is considerably less

{d

Avery tiny sphere is setling down in 8 viscous
hiquid at Reynold's number of 0.2. Iis drag
coefficient will be

(a) 320 (b) 120

e} & ) @5

in which of the following the friction drag is
generally larger than prossure drag?

(8) acirculor disc or plate held normal 1o How
(b) asphere ’

(c) acylinder

() an airloil

Qs

Q9

Q.10

Q.u

Q.12

Q.13

The drag force experienced by an object in a
fvid stream is

{a) the resultani liuid dynamic force actingon
the object
(b} the horizonial component of the resullant

Nuid dynamic force acting on the object
(c] the horizontal forge due 10 pressure variation
over the surface of object
(0} thecomponentof the resullant fiuid dynaniic
force in the flow direction

The correct refarionship among displacement
thickness ‘d’, momentum thickness '# and
energy thickness 'e'is

@ dom>e byd>e>m

&) e>m>d {de>d>m

The exislence of boundary layer is an account
of

{a} fluid densily

(b} gravitational effect

(©) fuid viscosily

(d) flowlurbulence

The boundary layer exists in
(a) tlow of ideal fuid
(b} flove of real Huid
{c) onlyin pipe flow
{d) only flow over flat plate

The concept of boundary layer decides the llow

fluid into iwo zones Ihese zones are

{2} 1he region in which eddies formation takes
place

(b} the region in which viscous effecl are
negligible and llow is analysed by polential
Howtheory

(¢} tha regionin which wrbulence and viscous
eflect both takes place

{d) lhe region in which viscous eflecl are
predominant

For air Nows over a flat plate, velocily (U) and
houndary layer thickness () can be expressed
respaclively, as
7] _g_;_r__(z)“_ 5o 464
j 5 /ﬁe‘

Wi the free siream velocily is 2 mis, and air has
kinamatic viscosity of 1.5x 105 méfsanddensily
of 1.23 kg/m?, the wali shear stress atx = 1 m, s
{8) 2.36x10% Mim?

{b} 436 x 1079 N/m?

€} 4.35%10°N /m?

{0} 218x10° N/m?

Q.14 Tre velocily prolile in fully developed taminar

fiow in a pipe of diameter Dis giveniby u= ug
(1 4r4DP), where r is the radial distance frorm
the center. If the wiscosity of the fluid is m, the
pressure drop across a fength Lof the pipais

L 4
W e

Bl 1
0 gt

Q.15 The mass flow rate {in kg/s) across the section

Sris
B M misae
P

{&) zewo {&) 005

{c) 0.10 {8} 0.15 -
Q.16 The integrated drag force {in Nj on the piate,

between p-s, is

(a) 087 {b} 0.33

©) 017 {d) zero

Q.17 Consider an incompressible laminar boundary.

layer fiow over a flal plate of tenpth L, afigned
with the drwuction of an incoming uniform free
stream. If Fis ihe ralio of the drag force on the
front half of the plate 10 the drag force on the
rear hall, then

{a) F<1i2
o F=1

{b) F=1/2
dFo



Qiﬂ

Q.18

Q.20

Q21

Q22

The power consumed per unit length in laminar
fiow for the same discharge, varies direclly as
[Pwhere Dis the diameser of the pipa. Whatis
the valug of 'n'?

&y 122 oy -2

) -2 {d) 4

What is the commonly used boundary layer

control method to prevent separation?

{8} Useol smoath boundaries

(b} Using large divergence angle in the

. boundary

{c) Suction of accelerating fluid wilhin the
boundary layer )

{d) Suctionof retarded fuid wilhin the houndary
layer

Assertion {A) : Flow in Ihe boundary layer is

abnays laminar.

Reason (R} : in wibutent fiow on a smoolh

baundary, a laminar sub-layer still exists within

ihe boundary layer.

Codes:

{2) both Aand R are frue andms the correcl
explanation of A )

(b} bothAandRare e bt Ris notacorrect
explanation ol A

{c) Aisine butRis false

{d) Aisfalse but P is e

The mean drag coefiicient C,,, for a laminar
boundarylayer over a llal plale was found o be
0.015, If all other flow laclors remain the same
and the length of the plate is decreased lo 1/4
ofils original valye, the drag coofliclent Oy, would

be gquatic
{a 0015 {b} 0.060 -
{c) 0030 {d) 0.0075

The separation of boundary layer is a
phenomenon in which the boundary-layer gets
detached {or separaled} om the wall due to
progressive deceleration of flow.

The boundary-layer separalion occwrs when

Q.23

Q.24

Q.25

Q.26

Q.z7

G.z28

my 0
(a) (Elo =0 () ““

Ju U

b 0 =1 =0
fc )[C“ij,.f (d)(QY),ﬁu

Separatipn of llow occurs when

(a) Ine pressura intansily reaches a minimum
{b) ihe eross-section of a channel is reduced
{c) he oundary fayer comes to rest

(d) Aliofthe above

The ralia of the ceefficient of friction drag in
laminar boundary layer compared to thal in
lwrbitentboundary layer is proportiohat to

@) A7 () A5

(c) QLMG (ﬁ) Ria.'w

The displacement thickness of a boundary layer
is ; '
ta) ina distance to lhe point where (v/V)=0.99
{b) the dislance whare tha velocily 'V is equal
othe shear velocily V., (hatis, where v= V.
[©) the d?slance by which the main flowis to be
shifted from the boundary to maintain the
continuity equation
{d} ong-hall the actual thickness of lhe
boundary layer

({1 is friction {actor, then Chezy's coEflicient is
propodional to

{8 f ) i
! 1
@ ; @F

Tha shaar velogily ¥, is expressed as

@ pitg ® Jpxo
o,
© o (@ \F;;

Alang a surface vith adverse pressure gradignl,
the point of boundary layer separation is

characterized by
i

Q.29

Q.30

Bu
@ g1 =0

<D

{b) shear siress at surface is maximum

{c) airand other dissolved gases in water starl
appearing as liny cavilics

{d) lvid layer adjacent lo surface has velocily
equal 1o free stream velocity

)
For ibulent boundary layer, having velogily
distribution

_E_ ,_(!_]”m
vg \&

Which of Iha following matches are correct?

Column-A Column-8
5 m
A 1. (m+)(m+2)
0 1
B. 5 2 (m+1)
¢ ¥ 3. (———'”*2)
& m
Codes:
A B C
@ 1 2 3
b 3 2 1
€0 2 1 3
@ 1 3 2 ‘
The ratio of drag on 1 half of 1he plate to the

drag on 2™ hall of the plate in case of laminar
boundary layer tlroughout the plate is

N by 242

d 1+—1—

V241 N

Q.31

Q.32

o) Hopad P
()Oy an

Q.33

A laminar flow wind tunnel, has a tast section
i.e., 40 cmin dia. and 60 ¢m in lenglh, The air
Bowing through the wind lunnel has v= 1516 x
10-5 m¥s and at the inlel of wind tunnel, air
velocily = 2 m/s. By how much percenlage lhe
air velocity change by the end of the seclion
(a) 4%7T () 4%d

(c) 2%T (d) 2%

The boundary flow separates from the surface i

du do
M _Gand Z=0
@ g £Y

du dp
>0
dx

c} dU—O and _G_’Q<U

dy dx
{d) The boundary layer thickness is zero .

Asserilon {A): Boundary layer heory is
applicable only inthe vicinity of the loading edge
ol a tlat plate.

Reason (R): Boundary layer \heory is based on
the assumplion that ils thickness is small when
compared (o otherlinear dimensions in tha tigw,
(@) hoth A and R are lrua and R is the correct
explanalion of A

both A and A are Irug but R is not a correct
explanationof A

{c) Aistrue bul R is (alse

(d) Aistalse bul Ris lrue

{



Boundary Layer Thickness

L) 2(d) 3.() 4 5@ 6 () 7.(8) 8 9 (k) 10.(c)
11.(6) 12 (d) 13.(c) 14.(d) 15. (b} 16.{d} 17.(d) 18.(d} 19. (d) 20, (d)
21.(c) 22 (a) 23.(c) 24.{d) 25 (c) 26.(3) 27.(d) 28.(d) 29.(c) 30.(c)
31. (a} 32. (b} 33. (d) ‘ a -

Boundary Layer Thickness

1.

(d) 5. (d}
For rising curva, lilt lorce in the venical plane For a well streamlined body (he separalion
is needed. So for It (o right trajectory clackwise occurs only at the dovmstream end. As such the
ralation shauld te given in hatizoplal piane. wake in Lhis case is extremaly small, Hence the
pressure drag of such objecls is very small
{d) fraction of that of the disc. Howaver, the lricuomal
The paint of separation is defincd as ihe limit drag of slteamlined bodies is considerably large
between forwarda and reverse fiow in the layer than that of the sphere, since there being rore
surface area in contacl with the llow. Furthermore,
J =0. ) [or wellsireamlined cbjects friclion drag is usuatly
| larger than pressure drag, but both are so smalf
that their total drag is onfy about one-fortieth
(1/40) of that of the disc.

du
very close 1o the wall, Ey-
The mifmurn pressure ceeur little upsiream of
slagnalion point.

(a)
Friction coollicient, 6. {b) ‘
- 1328 Co= 2B iy
= oy R, 02
A 5. (b
A= L ix_g - ax10b Displacement thickness,
<7 v ot & v o
- (-5)
f Ge _15B__ seanto o
Jax108 Momenlum thickness,
The diag farce on both sides of the plate, Sul. o
P ~ o= [o(-5)
Fo=2C| =pv? BL g
° ‘(Zp }‘ ! Energy ihicknass,
A i
= 2x6:64%107 «1000(2)° x 1% 2 - 12[1"ff]dy
=531 N L L
(d) l 8 > 8 > §
_ du R 13. {c)
Shear stress, © = ;1@ =p {05 -2y Reynold number,
al y=02m Re - u_'x: 2:-:1‘5:133){10{,
1=089x(05-2x02) L 1510
= 0.09 i/m?

Mass flow rate entering (SR)
5= ‘}% = 454“5 =00127 ot ;
. ' 133x0Q ,52=9x1x§(§xm
au _ 131 afy? :
Now, " U[‘é‘-‘é_z(g{ =1x1x%x10xm"x1§
i auy = 0.05kglsec
, = a}-{yru =% -~ Massleaving(OR) :
" . =m-m,=01-005
ow, shear stress, = 0.05 kglsec
clu
o= p(_) 17. (g
& /o
. uxy _ Suxvxp Diaglorce  Fy=C,x %pﬁ.lﬁ
25 25
3x2x1.5%10°%1.23 : 1.328 1
= = == apAV?
' 2x0.0127 JRe, " 2

=436 % 103 Nfm?

14. (d) 1328 3 E
We know that . = v XEPW‘*-‘-KV}
Pressure drop across a length L of pipe is ",“‘l"

! 320 L .
Ap= e o (i
Dz ) i.e. % £ ‘f{
U, Now Drag force on fronthall
ard Yy 2 (i) 9
From equation i) and (i) Fop = \/g
ap = 18R UL
. Fu = _EQ
15. (b} - = 5
X (= m,) RU p Orag {orce onrear hail
{ =3 i,
LN il ? - Foy = Fy-Fp= (1"‘4—5')*-9
PERT] miscc} . ;
H P =]
! F
.P 7 Now Fe b2
771} For2
s
Mass How rate entering f [2]
{FQ} = p x volume = vfé, = ! >1
mo=pxAx U [1_”1}!_. 2 -1
= (1 xB)x 10 £
S = 1x1W0x105%10

= 0.1 kgfsee
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(c)
Cﬁ? -3 !
Pa
m RL = zi:
v
1
. C.ox
ML
Hence it the length of plate is decreased to %
of its original value, the value of drag coeflicient
04' = 2% Cé
=2x0.15
= 0.030
(¢}

L
va % Tyg xBx-a—

1,328
(Rew )2

=

xBxE
2

4 Ry ={(hall= k‘g

at.

£, = (Z9hall} = k[JE —\g]

{a)
Displacament thickness tor faminar boundary
layer is given as

1.
.- 72¢
_ _172x086 -367
2x06 .
1516% 10
Due lo mass conservation,
AV = szz

Zdix(2) = Ix{g-2x8 T xip

= V, = 2075 m/sec
. Parcenlaga increase
Y=Y v 100%
1 i
2.075-2
2

% 100% =3.75%




