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B.Tech.
Fourth Semester Examination
Fluid M echanics MEABF)

MNote : Attempt any five guestions.
1. (a) What do you understand by the hydrostatic equation 7 With the help of this equation,
derive the expression for the buoyant force acting on submerged bodies. 10

Ans, Hydrostatic law states that the rate of increase of pressure in vertically downward direction must
be equal to specific weight of fluid at that point.

ie. —=pZ
L
When a body is immersed in fluid, an upward force is exerted by fluid on body which is equal to weight
of fluid displaced by body and is cailed buoyant force.
5]
LUlpon integrating P p-g, we gt

Oz

Consider a surface submerged in liquid. Pressure force on small strip taken

el = pxarea

=pgz- A

Buoyant force

= F=Id’F =pg.+-zx{bdz}
=pgd = Z

Q. 1. (b) A rectangular tank 4m long and 1.5 m wide contains water upto the height of 2 m.
Calculate the force due to water pressure on the base of the tank. Find also the depth of centre of

pressure from the free surface. 10
Ans, Force on the base of tank
=pgAz
=1000x= 081x (Lix d)x 2
=117,720N

The resultant passes through the certrond of base and is directed vertically downwards.
Q. 2. (a) Derive continuity equation in eylindrical coordinates. Also list the assumpiion made.
Ans. Consider fluid element ABCD between rand (r + dr)
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Side, AB =rdl, BC =dr, DC ~(r+ dr}dB, AD=dr

Mass of fluid enicring the face AB per unit time =p » velocity 1 r-direction = Area
=pxu, x[AB=1)
=pu, (rdd)

Maszs of fluid leaving face CD per second

2
=-p[u, Pl -:fr]x Co
ar )

=D(Hr + ?"L--'fr}x (r cdr)dB
cr

h
=p E_w,: +u,dr+ ol I tﬁ] Feis )
L dr
{small terms neglected)
~Gain of mass in r direction

=pu, rdd —-prurr ru,dr+ ¥ o zfr:| o8
or

1

r+r—-— er df

il
l—: Jr dr- do

Similarly gain in mass in 8 direction

= puydr % I—|:1£nEI + %—:Efﬁ]xrfrx 1

dhig }
= - —2. 48 |dex
"[ @ )

Oup i

=R & r

Total gain of mass per second


http://studentsuvidha.in/forum

downloaded from http://studentsuvidha.in/

u, du Oty rdBdr
s=p| =t 4t | rdrdf —p 2.
p[ +ar:|rr "aa r

F

But rate at increase of fluid mass per second

&

=

Bug 1
i

=§[ﬂrﬂ'ﬂ[ﬁrxl]]=%?rﬂadr
W, o ;
-p[-}-qr ar)rdrﬁ i _

ip
=-— ) dr
o

0

Q- 2. (b) A fluid is given by :

V=xpli-21zt ) - (9 -2°3) k

Prove that it is a case of steady incompressible fluid flow. Calculate velocity and acceleration ata

point |1 2, 3].

Mow,

10
Ans. For steady three dimeasional incompressible fluid flow, the contipuity equation is

=0
&
u=1}r:
gy 4
ax—."

v=-2yz} wi}-hl

a
2 220w 2 2
=— ~—— 80 — ==y + 2
R

S-O.

¥ (=221 y + 227 =0

Hence, flow is steady incompressible.
Now substituting x =1, y=2,2=3

.. Resultant velocity

3
y=1x2%i-2x2x 32j_[3x 32 —-2-533--]&

=4i - 36/ + 6k
=367Im/s Ans.
on  Ou ou

ﬂ_l, 2"_—+'.’“—+ Wo—
£%

dz
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7 Ou cu
— = |—=ﬂ'
dy h}raﬂ' -

a, =xp* - y? +(=2y2% ) (20) =16 - 144 =128

w_,
i

o 2 2 2 227
a, =xy 0+ (-2pz" W-22" )+ |q 2y = (—4yz)

a, =648+ (12-18)(24) =504

!

aw a“" a'“’ - 2
20,2 (2), =y 42
(i 4 o ) iz ) ‘

3
a, =07 0+ (-2yz7 ) (<22v) + [{z}fz - %H (=3 +227)

=432+ [~ (12-18)(~4 + 18)] =516
Acccleration =-,|’|[IEE::1 +(504)° +(516)°
=73256m’s” Ans.

Q.3. (2) Explain the principle of orifice-meter, Derive an expression for flow through it. What are
its merits and demerits over the venturimeter. 10
Ans. Orifice meter works on principle of Bernoulli's theorem,

A.
N

Apply theorem at (1} and {2)
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=y, _vi-vf
2¢

- . 2

'I'z = l': ﬁzg&
% _

8v, =¥ 4 26
Now, coefficient at contraction
(i
ap

Also, :
ﬂ':P: Eﬂzvz
=%
Y =ayv,la = E{'C‘vz
a
=N ayC v, )
W [l ot
] +2-x i'.'
'I'IK f J i
Lo ¥
- P L
Vg ===l _ 2k
a
=k lz - zg}r
—_—
- 2
I—(-“”C*
Misch v -
charge
O=va, =v, xg.C
- 1 0 s
a,C, 2k

Taking €, = coefficient of discharge

Crifice meter is i
cheaper device ap venturimeter but Josses gre more |
e m orifice meter.
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Q. 3. (b} An orifice-meier with orifice diameter 15 cm Is inserted in & pipe of 30 cm diameter. The
pressure gauge fitted upstream and downstream of the orifice meter gives reading of 14.715 Nicm® and
9.81 Nicm® respectively. Find the rate of flow of water through the pipe in liters/sec. Take C',; = 0.6.

Ans. Area of orifice a =Exnsf’
=1767cm?
Area of pipe, a, =E:~: (30)* =70685em’
&
P 14715 1(}__ 18 sk o vt
pg  1000x 981
L} =—.—_—.-—"13“ 10° =10m of water
pg 1000% 981
h=15-10 m=500 cm of water
0=C, o 28h
a; -ay,

1767 % 70685 x 2% 981x 500
J(70685)* - (1767)

=108451cm’/s = 1084litres/s Ans.

Q. 4. (a) Derive the relation for power absorbed in foot step helring and colour bearing. 10
Ans. Let N =Speed of shafl

=06

L R et

t =Thickness of oil film
Area of elementary ring = Inrdr
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du
1=p.—tp.-?

dy
v =Tangential velocity at radius r=%ﬂ r

Shear force, dF =txarca E’
-,_:I_[ﬂx:xz';u-dr 7
a0
2
k= N’Jdr
15 «
Torgue, dl =dF = r= T"g =2 Nr' dr
" T gt e
T L mnm’dr S\

Power absorbed, P=

For colour bearing

Bz 4 4
=——mn*NIR; -R
= E N, i)

Pi o
B0= 304 _
Q. 4. (b) Determine : 10

(i) The pressure gradient,
(ii) Shear stress at the two horizontal plates,

(RF -R)
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(ili} The discharge per meter width for laminar flow of oil with a maximum velocity of 2 m/s
between two plates which are 150 mm apart. Take viscosity of the oil as 2.5 Ns/m?,

g : 1

Ans. Maximum vclumtyl, e =—-§1 —gt'?r’

1 dp 4

2= = — (015
= Bxasax )
= a_P.zw-l??BH"mIpcrm Ans,
ox
Shear stress, tu=——l§:xr
2

:-3’ (~1778) x (055) =13335 Nim®

Discharge per meter width,
(@ =Mean velocity = Area
2
= 3 U % (2% 1)
=-32-x 2% (115=02m%s Ans.
). 5. (a) Explain doublet and define the strength of the doublet. 5

Ans. Doublet is case of source and sink pair both of equal strength when two approach each other in
such a way the distance 2a between them approaches zero ar1 product 24 -4 remains constaat. This product is
called doublet strength and is denoted by p.

u=2agq :
Q. 5. (b) Distinguish between source and sink. 5
Ans. Source flow is coming from a point and move out radially in all directions of plane at uniform rate.

Sourca

In sink flow fluid moves radially inwards towards a point where it disappears at constant rate.
Q. 5. (c) A uniform fow of velocity 6 m/s is lowing along x-axis over a source ard a sink which are
situnted along x-axis. The strength of the source and the sink is 15 m /s and they are at a distance of 1.5
m apart. Determine : : 10
{i) Location of stagnation peint
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(i) Length and width of Rankine oval
(ili) Equation of profile of Rankine body
Ans. Distance between source and sink=2a

= a=%j=u?5m

) X, =a I+J-—-=QTSJ;+—--—-1-5—-=L[!TEm
nall nx075x 6

This is distance of stagnation points from origin. Then will be two stagnation points. The distance of
stagnation points from source and sink =x, —g=1076-075=0326m.

Length of Rankine oval, L=2x, =2152m
Width, B=2xy...
Wi -:.a.:-ut[f-m-'—”';i]ﬂlﬁcutru-‘lnym x 180° }
q \ n
=075cot (72 g I
Using hit and trial Yo =067m
: B =134 m Ans.

Equation of profile of Rankine body
,u 88270 158;-8, 0398(8,-0,),
In Usin@ 2n 6sin @ sin 6

Q. 6. (a) Explain the diTerent types of losses in a pipe line. Derive the relation for measuring any
one type of loss, ! 10

Ans. There are two kind of losses in pipe flow :

(I} Major losses : This is due to friction present in pipe.

(ii} Minor losses : This is due to :

(2) Sudden expansion of pipe.

{b) Sudden contraction of pipe.

ic) Bend in pipe.

{d} Pipe fittings.

(e) An obstruction in pipe.

Loss due to sudden expansion can be derived by considering two sections (1) and (2) and applying
Bernoulli’s equation. =
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® @
. IILE
| [T
@ )
Py W pr Vi
Sy lyz =iy 242z, +loss
P 2 PE 2
*> Pipe is horizontal, 7, =z, and

Let loss = h,

b =PLmPL MW
. Pg %
Let p' is pressure intensity of liquid eddies. Then force acting on liquid
Fo=pAdy +p(d; -4y, ~ pad,
P’ = p) (assuming)
Fe=(p -p2 ) 4;
Change of momentum of liquid/sec berween (1) and (2)

=pdyv; —pAyv;
¢ ! Ayv,
From continuity cquation, A, =—=
Wi
Chl nf 2 “2"2 2
nge of momentum =pd;v; —=p ¥
Y

=pds [¥] —w ;]
= IP1“F2}4‘2=M1{"§ -nvy)
P =P

2
=N

2
Sl _YaThh

—
Ps b4
= #‘_vf-uvi:vi-v,v,
2g g
o 41
= h, -—-——{p' ¥1)
2%

Q. 6. (b} A nozzle is fitted at the end of a pipe of length 400 m and 150 mm diameter. For the

maximum transmission of the pawer.
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Ans. Question is incomplete, it seems diameter of nozzle is required. Taking ¢ = 0009

5 1/4
a{ ELJ
. 8L
4
(s)®
= | =004
I:Rx Q009 = 401]] .
=40mm Ans.
Q. 7. (=) What is meant by boundary layer ? Why does it increase with distance from the
u;nt:eum edge. 10

Ans. When real fluid flows past a solid body, the fluid particles adhere to boundary and velocity of fluid
i5 same close to boundary. If boundary is stationary, velocity of fluid will be zero, Further away from
_boundary velocity gradient is set up in the fluid which develops shear resistance, which retards the fluid. Thus,
the fluid with uniform free stream velocity is retarded in the vicinity of solid surface of plate and boundary
layer begins at sharp leading edge.
G

ek ()
——

B c

o

At subsequent point downstream the leading edge, the boundary layer region mmm because the
retarded fluid is further retarded. Near the leading edge the flow is laminar though main flow is wrbulent.

Q. 7. (b) Find the displacement thickness, the momentum thickness and energy thickness for
velocity distribution in the boundary layer given by &/ U = 2(3#5) - (#5)* where 5= boundary layer
thickness. 10

Ans. Displacement thickness, & = j:{l - S}fy

- - ([ ] o
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=— AnS

15
Energy thicknes R
nergy thickness, LLE 'E',fﬂf!-'

(g
(-2 -5 a- )

Fl 5 4 rl 4 & 3
_ ;[H_.ﬂr_hihk_r_ﬁrﬂz__ia.}dy

&8 & & & 5 & 5 &

Q. 8. (a) What is a velocity defect 7 Derive an expression for velocity defect in pipes. 10

Ans. The difference between maximum velocity ‘u,," and local velocity at any point ‘&' in case of
turbulent flow in pipes is called velocity defect.

According to Prandtl

]
&
Let f=k}
2
TR [dy
. au_ [
dy \pk?y’
Putting JE =u’ (shear velocity)
p
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du_ 1.

dy ky
Upon mtegration u-—-ar In y+C
At ¥ = R radius oi pipe M=,

u,_,=ik-lﬂR+C

= Cnu,,._—%luﬁ'

w="_In Y+, -E—InR
k k -
u y
ﬂ:km-l--{{]ﬂ _}""LHR}
= U pax ril.n ¥ {*- K =04 Karman constant)
04 R ;

=l + 25" In [f]

B y‘ﬁ . R
= —t=—215 Inf =1=25u In|—
Mgy — U u H(RJ u [y]

Q. 8. {(b) What do you mean by Prandtl Mixing Length Theory ? Find an expression for shear

stress due to Prandtl.

Ans, According to Prandtl, mixing length /is that distance between two layers in transverse direction
such that lumps of fluid particles from one layer could reach other layer and particles are mixed in other layer

in such a way momentum in x-direction is same. Prandtl assumes that

iy L e e

dy

2

7v =t
dy

Substituting in Reynolds expression
2
du
T= pu’ v =p|'z[—-—-}
dy

2

Total shear siress ="%+pﬂ[ﬂ

dy
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