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B.Tech.

Fourth Semcester Examination
Fluid Mechanics (ME-208-F)

Note = Allempt any live questions. All questions carry equal masks.

(). 1. {a) What is meant by stability of a Boating body 7 Explain the stahility of a oating body with
reference to its metacentric height. Give neat sketches, [

Ans. A submuerged or a floating body 1s said to be stable if it comes back to its original position alter
a sl disturbance, '

Stability of Fleating Body : The stability of a Nloating body is determined lrom the position of meta
centre (M), In case of Doating hody, the weight of the hody is egqual to the weight of figuid displaced.

{a) Stable Equilibriam : [f the point M 1s above G, the Hloating body will be in stable cquilibrium as
shown in fig (a), 1T slight anpular displacemuent 1s given to the floating body in the clockwise direchion, the
cemry ol huovaney shilis from B o By such that the vertical line through By oots ot M. Then the buoant
loree Fyy through By and weight W through G constitute a couple acting in the anti-clockwise direetion
and thos bringimg the Moating body in the original position.

ib) Unstable Equilibrium : [ the peint M s below G, the floaung body will be in unstable
cguilibrium as shown in fig, (1), The disturbing couple is acting in the clockwisc direction, The couple due
o hugvant foree Frgand Wois also peting in the clockwise direction and thus overturning the Boating body.

(¢} Neutral Equilibrium : 11 the point Moas ot the contre of gravity of the body, the loating body wifl
he in newtral equilibrivm,

—— Deisturtisg

ja) Stable Equiibrium M is above G (b} Unstable Equilibrium M is below G
Fig. : Stability of Floating Bodies

(. L. {b) The end gates of o lock are Sm high and when closed include an angle of 1200, The width
of the lock is 625 m. Euch gate is carried on two hinged placed at the top and the bottom of the gate, If
the water levels are 4m and 2m on the upstréam and downstream sides, respective’s, Determine the
magnitudes of the forces on the hinges doe 1o the water pressure, 14

625

Ans. Width at cach lock, = T =36m
= Clin
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Willer prissure on upstream side

Fy=pgh Ay
Where Ay =1 x Hy = 36 x4 =1443m°

Fi = 1000 x 9.8 % 2 % 1443 = 282901.6 N
Whiter pressure on down stream side
Fa = pghy Az
Ar=1xHy=36%2=T2m'ha=1m
Fa=1000x 98 % 1 x 72=T632 N
Rusubtant water prossure = Fy = Fy
= 282H)1.6 — ToR32
= 212260 N = 212260 KN
The reaction bepween gates is given by
23 )

R and Ry are reactions al top and boliom hinges then,

Ry +Ry=R
BBu R =PF=212200 KN
Tl foree F) s iEL‘IiIIE% = .33 m frem botlom and Fa al
:';_- = 0.67 m from bottom, Resahiant foree at x distance given by
Fxs=F »¥133-Fx 067
. 282901 X 1.33 = 70.632 x 0.67

212268

It

135 m
Grkine moments of Ry and B ~bove bottom

Ry = (5)=R=x(x)
212204 % 1.55
= R.I. = __igﬂ!q 1.5

= 65,79 KN
Rp = 212269 — 65.79 = 14648 KN
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(). 2. (u) Deline and distinguish between stream line, path line and streak line. Also derive 2-D

differential equation for stream line,

Ans. Stream Line : A stream line is an instantancous fine drawn in a Tow Aeld in sech a way that
all the Tluid perticles fulling on the tine will have veloeity vectors along the tangents drawn to the line at

the particle locations at that instant.

Puth Line : Path lin¢ is the line drawn through the path traced by a single fluid particle over a period

isl i,

Steuk Line : The line, which al a given instant connects the temporary location of all the flud

partiches that have traversed a lixved point in the Row Neld, is called a steak line,

Derivation : The cquation of a stream line can be oblained by cquating the slope of the strcam line

ter the shepe of the velocity veetor,
s, at poimd Pan @ Qg

dy v dx dv
L L P
dx  u : v

Fig. ; Stream line

. 2. (b} Calevlate unknown velocity component to satisfy the conlinuity equation,

Ans. The conlinuily cquation is
g gy dw
—= 4

ox oy

=

A

i

iy
o
il

4x +

= iy
Lipon mlegrating, we gel

W=
Where ¢ is constanl 8l integration
=3

v=

212 +* 21:.'.. Wz r.“' - dxz — 2}.3

‘I_"jxﬂi_m,‘_q_ 5
chzl\_ ..xj}-—- X+ 2y

J L ) =2
o {.f. —dxz=2yz) =3 - -2y
Zv-fﬂ—vﬂ "-;2—'13'—23::[]
- ;’}F’ > -
(=3#7)dy
3
=Xy +

F(x, 7)
—37%y + E(x, /)
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Q.3 G

{2} Start from the first principles obtain the following expression for discharge of a liquid
through a erilicemeter.

Q=Cd.A.Vh
where () is discharge in m” /5, Cd-discharpe coefficient and A-constant of orificemeter. 1]

Ans. Neglecting the small loss of head that occurs in the jet contraction and applying Bernoulli's
equation between (1) and (),

AR
wo o YW 2

Where 2y and 2, are the heights of centres of scetion (1) and (c) above an arbitrary datlum
Dencting the differcnec between the piczometric bead by b, ic

P, P,
e (5+2) - (2]
2o vi

%z
Using the continuity equation :

——
C‘“ } 6
ViA = Vi, = S50 Ve ) _

Where A = area of cross-section ol pipe.

3 o ©
Vi Coa
2 [1 - [T] } -

Or _Vih

TVi- (G a/AR  VI-C(d/D)
The actual velocily is given by

o

Ser than,

b=

¢, vigh
V1 - C: (d/D)*

Where Cois a coeflicient of velocity that accounts for the small velocity reduction duc 1o friction

| e

The rate of Now s

Cy V2gh (nd’/4)
N e VoS
Q=8 Ve=Coae Vo= (,%}::dm}“
B1.|I. [.‘[ [.-I,. = (Id
2
Taking A=V 2BELA G 0= cuAvE
- [E
D

Q. 3 (b) Water under a constant head of 3m discharges through an meﬂwl cylindrical
muuthpiece 3 mm diameter, for which g = 0.82 find :

{i) discharge
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(i} absolute pressure at vens contracta and
(iif} the muximum head for the mouthpiece to Now full. 10
Ans, Arca of mouthpiece

A=Td= % x (0.05)2
=196 x 107" m?
Discharpe = cg XA X u'l'gﬁ
=082 x 196 % W77 x VIX TR %3

= 00123 m"/s Ans.
Proessure lead al vena contracta

Py Vi P, V2
_."}_.i_.--"}._i_zf\_—__"-* R +?_r-_
e 2 e 22
Pa J :
But ;:?_I_E:Ii“-'-H'\m:D‘ s =14,
V2 V2
Hy+H= =S4+ S = H %5
2 g
Ve
= Ho=H;+H-—
2y
Assuming C. = 0462
| I ] H
Ve=——andH=1315—»—=——
¢ = oz " % 28 1375

Taking H, = 10.3m

62

3
S5/ 1 g S
1.375 (0.62)

= T.62 m Ans.

vio(a)
HptHd'q’H_.’_rx e

Max. lead w Dow full
Hiax = Hym — He
= [0.3 = 7.62 = 267 m Ans.
(). 4. The nose of a solid strut 10 cm wide is to be placed in an infinite two-dimensional #ir stream

" of velocity 20m/s and density 1.22 kg;‘m} and is to be designed in the shape of 8 Rankine hall body.
Culculate

(i} strength of the corresponding source

{iii) distance between the stagnation point and the source

(ibi) equation of the surface in rectangular co-ordinates based on source located at the origin.
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(iv) pressure difference between the stagnation point and a point on the strut where it is Som wide.
20

Ans. Fur the Mow past a Rankine hall body.

Width of nose = (L1 m

Muximum ordinate oo™ 9.2_1 =005m
m LM
== s (05 =
Bl Ymax = 3050 = 005 = 37350
= m = 2m%/s Ans,
fe L 2 1.59 x 10" *m

Ty %2
The contour of Rankine half body

m_ oy mY

g T o

m_ M=l -
= ?—Uuy+l_|rsm T
= E—EJIJv+*?‘Fs'n_’ : =1

g ST R

With source al origin, the coordinates of point on sturt where itis § em wide i.c. y = 0.025 m can be
ealimated ay

m mi!
2 _U”FIFLT
= %=2[lxﬂ.025+§-
=T _ o
= H—z o)

X OB s

= sinfl sin 90

s my¥
= e T
g = Ll rsinf

The velocity components

V.= % (%J = Upcos8 + _?:':';

and vﬂz—%{_ﬁ=-ugs;na

AL point (0.025, /2)
V= Llnc.ns% + = xz{}.!ﬁf = 1273 m/s
Vg=— Eflﬁin% = =2 m/s
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Resultan velocity V=V(1273)" + (2‘[}]'! = 2371 mAs

Applving Bernolli's cquation hevween stagnation point (H.{JZE, %J or strut,

] ? i 3
Pu+EpUn=F+Ep‘u"

= ' Fﬂ+i!=F+%xt.12H{1‘!.?‘i}2

Po—P = % X 1200 32071 e B428pbeAELylates kept ¥ cm apart
hiave lamiwar Aow of oil between them with 1 maximum velocity 1.5 m/s. Taking dynamic viscosity of ofl
to be 2 NS/m” find

{ij discharge per m width

(it} shear stress at the plates

{iii) pressure differvnce between two points 25 m apart

{iv) velocity at 2 cm from the plate

v} the velocity gradieat ut the plates wid, 14
Ans. Dizcharge per m width () = Mean velocity X Area

Where, mean velocity = % Llpax

I dp s
| — e =
L-m.n' H;rﬂ.“.‘t
w e o OB e d
15= Exzxmxiil.ﬂﬁ}
- %=-3?5¢1mez}n.rm

D=§xljx{l.x*t)=%x L5 % (008 % 1)
=008 m'/s Ans, (i) .
Shear siress = - 18p...
=-%5< = (37500 % (L08
= 150 N/m" Ans. (ii)

12 x2x [—%xlj ¥ 25

1Zuul
P - Py= =572 -
P (0.08)°
= 03750 N/m" Ans (iii)
Veloenly distribution is given by
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1y

I ’
= x| =3730) [{{].ﬂﬁj = (U02) = (0.02) ]
= 1125 m/s Ans. (iv)

o _1ap  [_1ap,
v M oax y i 2uoax

B du_ 1 dp
ALy =1 iy - i 0%
1
mom {=3751) x (0.08)

= — T5m"s perm Ams. (v)
Q. 5. (1) Wourk nut a relation prescribing the power absorbed due to viscous resistance in a bush
bearing. (]
Aps, Lot N = speed of shall inorpom,
t = thickness of vil film
L = length of oil film

. Angular speed of the shaft, o = _3‘;]”
s Tangential speed ol the shalik = w X R
2N ] aDN
v Ve X3 e
The shear stress in the oil is given by,
| e
T = 7

d _V-0_V _aDN
dy ot ot 60xt

2 DN
=
l 6 = 1
~Shear foree or viscous resistance = 1 % Arca of surface of shafi



http://studentsuvidha.in/forum

downloaded from http://studentsuvidha.in/

2 Torque required Lo overcome the viscous resistance,

T = Viscous Resistance % %

2 rydng 23
L DP“LXE=E"E D"NL
ol 2 1201
. Puwer absorbed in overcoming the viscous resistance
. P= 2NT .
_ 2N " pr” DPNL
T 60 1201
DNPL
o i il
k) = 60 = | v
. 6 (a) Start from the first principles, derive

Hagen-Poiseuille equation for fully developed Now through pigd "H-F ?
— 1 (=8P 2 D,:l_____ e _:['
Ans, u= Ru {-_15'5 )R -__: o _--_p:ql
0 1
] T
_ (=8P} _ Buu s e
Tl éx ) R?
integraling the above equation w.r.Lx, we get
1 1
- | &t
= f dp= j 7 dx
3 2
u
- [Py~ P2 = %in = x
ur (P = FE}FE;?E"! = x|
or =§‘£L {~%2 = = L From fig.)
Suul g B
= 5 { R = —}
(D/2) 2
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i
Lr iPp— Py = éi"%‘i:ﬁ'hum Py = Pzis the drop of pressure,
D ;
P~ P

 Luoss ol pressure head =P

Py—- P> h 32 pul

—-_IT—- = fip = = —-I—'

u PgD

This equation is callicd Hagen Poiseuille Formula.
. 6. (b) At a sudden enlargement of a water main from 240 mm to 480 mm diameter, the hydraulic

pradicnt rises by 10 mm. Estimate the rate of Dow. 8
Any, Hydraulic gradicnat = Ul m
F 2
Vi v M-
PUL g
B e g2 2
ut ey EA'.I =N dl
; 2
0.48) :
=V L”E‘*] =4V,
3 Z
4Vi Vi (4Vy-V
5 oprad V. (V=g
g g g
6V3
= 0 = —=—
e
= Vo = (L18UE mo's
& discharee 0= AV

= f(n_cu-:]z % 0.1808

> Q = 0.0327 m%/s Ans,
Q. 7. (a) Find the displacement thickness, the momentum thickness and energy thickness for the
velocity distribution in the boundary layer given by

2
u
523 - ()

Where u is the velocity at a distance y from the plate and & is buundary layer thickness. 1)

s, Velocity distribution ﬁ = 2 (5} 3 [&)

(i) Displacement thickness 87 is give n}m cquation

Substituting the value of ﬁ =2 [ér] - [5) we have
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(i) Momenium thickness 8, is

& d

_ Fufe Ve Pl & 2y
H“J‘U(’_U]dy"f _52}[“[5'5]]'1?

i ]

rl .,

y ¥ 2y

= - 1-5+|d

0L

& - , . ]

=J' %z_ﬂlfﬁ.zf._};} Ry

; . S LA L S

& -

f (- L)y 2 et

: & & 4 B 3 @ s

5&3 At 58 4
[ il za-?m—g
150 — 15“15& 30 _300-28 _ B
15 15 08
(iii) Energy thickness 8**

dii=

cle
g ol
I- —-
o, |
"E..]"'u
| —
o
e
il
!—_'h-
—
o2
|
A
o e o
of?
|
[
ol
o T
L
e

L}
&’.‘-‘-"—-‘ﬂ- u'ﬁ—_'n- r::‘—-.'ﬂ-

e, A ——
NTY
|
[a™
2]
T
—
|
%}
]
|
n'.h- rﬂh
|
=
™
(=N
g
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i 3 ! i )
él éﬁ a-i al I:a-‘l d“h a.‘illl'!
Y

2 a.:l' m-l- ]135_ al‘p _.;j_:"_

R ... et
_l'j' 1&1 aj 5&4 aj --I'a_l'r
o 12 ]
= - = = 3 L o =
e} 3 24 + Sd d+ =
3 12 5
gz S e
s} 3 + < . 7
oS¢ -39 £ 3520 + 189
- 1015
_ 2158 + 2678
- 11
24
_]ﬂ_{ Ans

). 7. il Fur the velocity profile given in .7, (a), lind the thickness of boundary layer at the end of
the plate iand the drag force on one side of a plate | m along and (1.8 m wide when placed in water lowing
with a velocity of 150 mmys. Calculate the valoe of coefficient of drag. Take dynamic viscosity of water
AN pasise. 10

Ans. Lenght of plate, L = Tm

Wicth ol Plate, b = hd m

Veloeity of fluid (water), U = 150 mmss = (115 m/s

. : 001 N—5 N-5§
1t For waler = (LN puise = — ——— = (N ———
0 m

Rueynold numaber at the end of the plate te,, 2t o distance of | m from lcading edge is given by

_ PUL _ 0.13x180 /. p_

Ry = = 1000 X = (P= 1{10{1)
W = 15 = 1.0
= - o 150000

As laminar boundary laver exists upte Revnold number = 2 % 107, Hence this is the case of
lamingr houndary laver, Thickness of boundary layer ot x = 1.0m is given by

b3 S48 L
& =544 \IR.C-_.: = V15 = 001415 m = 1415 mm Ans



http://studentsuvidha.in/forum

downloaded from http://studentsuvidha.in/

(1) Deag loree on one side of the plate 15 given by
Fp = 0.73 haU FE;”‘

=073 % 08 % 0,001 x 0,15 % VISO000 { PUL _, I

! el

Bl

= (L334 N Ans,

(i) Co-elficient of drag, Cyy is given by

: 1.40 1.46

o = YR, = vis0000
= [N1376 Ans,

Q.8. A smooth pipe line of 100 mm diameter carries 2.27 m*/min of water at 20° ( with kinematic
viscosity of (LO09 stokes. Caleulate the friction factor, maximum velocity as well as shear stress at the
20

boundary.
2.27

Ans, Mean velocity ¥V = 1 i = -
o 0 x‘; % ((1.1)°

=4817m"s
i
Vd _ 817 x 01 -~ 491530

STV nomes x 10

Henee fow is turbulan
0.3104
4F = — = = Q0119
(401530
. F=208%10"% Aps,

i 4F
=Y — =}
8 1% m

Friction lactor

Shear velocaly

i-—w‘s + 5,75 logy X}:‘
us
tv=R=1Im

0186 » 0.1 )
0.0008 % 1077

u=u" |55+ 575 logy {

= 56HmSs Ans,

The wall shearing stress is given by
Tt] =1u
= 34.596 N/m° Ans.

2 x p = (0.186)7 x 1000
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