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Fluid Mechanics

(Solutions for Text Book Objective & Conventional Practice Questions)

Common data Q. 04 & 05

Chapter
Properties of Fluids 04. Ans: ()

Sol: D;=100mm , D,=106 mm

01. Ans: (c) Radial clearance, h = M
Sol: For Newtonian fluid whose velocity profile 2
is linear, the shear stress is constant. This 106 -100
=—=3mm

behavior is shown in option (c).

L=2m
02. Ans: 100 L=0.2 pa.s
Sol: =BV _02xL5 00 Nym? N = 240 rpm
h  3x1073
o 21N - 21t x 240
03. Ans:1 = 3
Sol:
O =87

WSin30 por 0.2x8Tx50x107>

T=

h 3x1073
= 83.77N/m’
w
05. Ans: (b)
F=1txA 2 3
AV Sol: Power,P = m—qu
Wsin30 = nav h
21 x (875)2 x0.2x2x (0.05)3
100 1x0.1xV = 3
= 3 3x10
2 2x10
= 66 Watt
V=1m/s
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06. Ans: (¢)
Sol: s

T
30T

18 +
Slope = constant

! >
T T v

du/dy

07. Ans: (a)
Sol: T=U—
u =3 sin(5my)

% =3 cos(Sny) x 5mt= 15mcos(5my)
y

du

y=0.0s ~ M g0

i
y

y=0.05

=0.5x15mcos(5mx 0.05)

- 0.5x157cxcos(%j ~0.5x15mx L

V2

=7.5%3.14x0.707 ~ 16.6N/m>

08. Ans: (d)

Sol:

o Ideal fluid -  Shear stress is zero.

o Newtonian fluid — Shear stress varies
linearly with the rate of strain.

e  Non-Newtonian fluid — Shear stress does

not vary linearly with the rate of strain.

09.

Sol:

10.

Sol:

11.

Sol:

Bingham plastic — Fluid behaves like a
solid until a minimum yield stress beyond
which it exhibits a linear relationship

between shear stress and the rate of strain.

Ans: (b)
V=0.01m
B=0.75x 10° m*N
dP =2x10" N/m*

U R
B 0.75x107 3
_ —dp
dv /v
~2x107 x107 x3
dv = ><4 Tog = = 15x107
X

Ans: 320 Pa
_8c _8x0.04 _32x107

AP = - = -
D 1x10 10
AP =320 N/m’
Ans: (d)
As the temperature is increased, the

viscosity of a liquid decreases due to the
reduction in intermolecular cohesion.

In gases, the viscosity increases with the
rise in temperature due to increased
molecular activity causing an increase in the
change of momentum of the molecules,
normal to the direction of motion.

Thus, statement (I) is wrong but statement

(IT) is correct.
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Fluid Mechanics

12. Ans: (¢)
Sol: The surface energy is given by
E =0 x area
As area increases, surface energy will
increase. Thus, statement (I) is correct.
e Surface tension, ¢ is the property of fluid.
Hence, it is independent of the size of the

bubble. Thus, statement (II) is wrong.

Conventional Practice Solutions

01.
Sol:
(h-y)
h v 291
A I F
T y )
Assumptions:

o Thin plate has negligible thickness.

o Velocity profile is linear because of narrow
gap.

o Given fluid is a Newtonian fluid which

obeys Newton’s law of viscosity.

The force required to pull it is proportional
to the total shear stress imposed by the two
oil layers.

F=F +F,,
Where F; = Force on top sides of plate,

F, = Force on bottom side of plate

The plate moves with velocity V

I (h-y) i

[ —V
YI H2

From Newton’s law of viscosity,

_ pdu
dy
F, = 1y x Area of plate

T Let A be area of plate

F =p, x x A
1= h
F, =, x Al x A
¥
(1) Shear force on two sides of the plate are equal:
F1 = F2
uxVA  u,VA
h-y y
BT y
H, y
h K |
y K
h_p+u,
y K,
_ H,h
(i

(1i1)) The position of plate so that pull required to
drag the plate is minimum.
h—-y 'y
[V, A, w & W, h are constant]

b
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.. F
For minimum force, d— =0

dy Assumptions:
VA -y 2 (=1) - luVAY 2 = 0 e The gap between two cylinders is narrow
WVA  pVA and hence velocity profile in the gap is
Zyz - (h 1_ yf assumed linear.
( )2 e  No change in properties
h—y) _n
Yo u_l
? Torque = Tangential force x radius
h-y_m Force = shear stressxArea
y Ky _uxVA
h u, : . h
—=1+_|— where y is the distance of the | )
y L, Where h is the clearance (radial)
thin flat plate from the bottom flat surface. h= 521475
h 2
y= m =0.125 cm = 1.25x10° m
M
I+ I, Area = DL

= 1x0.15%2.5x1072

02. Ans: 0.372 Pa.S = 11.781x107 m2

Sol: Torque = 1.2 N-m

Ux orx A
Speed, N =600 rpm F, = Y
Diameter, D;=15cm, D,=14.75cm o 2N 27x600 N
H=2.5cm 60 60
© Torque = Fgx r
9 poTA r
h
2
5T _ hor x A
h
£ 12_;,l><207c><(0.07375)2><11.781><10’3
pt ' 1.25x107°
Z 7 p=0.3726 Pa.s
o
14.75 cm

le J
15 cm !
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Chapter Pressure Measurement
2 & Fluid Statics
01. Ans: (a)
Sol: 1 millibar = 10>x10°> = 100 N/m>

One mm of Hg = 13.6x10°x9.81x1x10~
=133.416 N/m*
1 N/mm® = 1x10° N/m?
1 kgf/em® = 9.81x10* N/m?

02. Ans: (b)
Sol:
710 mm Local atm.pressure
1(350 mm of vaccum)
T3 60 mm
Absolute pressure

03. Ans: (¢)

Sol: Pressure does not depend upon the volume
of liquid in the tank. Since both tanks have
the same height, the pressure P, and Py are
same.

04. Ans: (b)

Sol:

The manometer shown in Fig.1 is an open
ended manometer for negative pressure

measurement.

e The manometer shown in Fig. 2 is for

measuring pressure in liquids only.

e The manometer shown in Fig. 3 is for

measuring pressure in liquids or gases.

e The manometer shown in Fig. 4 is an open

ended manometer for positive pressure

measurement.

05. Ans:2.2

Sol: h, in terms of oil

So Ny = Sphim
0.85xhy =13.6x0.1
hp=1.6m
h, =0.6+1.6

= h,=2.2m of oil

(OI') Pp — Yoil X 0.6 — YHg X 0.1= Patm

P —P
P am {Y‘*g ><O.1+O.6]

Yoil Yoil

= 3.6 x0.1+0.6=2.2 m of oil
0.85

Gauge pressure of P in terms of m of oil

=2.2mof oil

06. Ans: (b)

s syhy,
 hy—S%h =h - h,

Sol .
So ! So
9 18
hy —hy = —— ———— —
METN"083 083

hy; —hy =-13.843cmof oil
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07. Ans: 2.125 Fv =xxn
Sol: 52
o Fy = pgV=1000x10x ">
hp = h +—
Ah
4 FV =10 kN
=2+ “D2X4 S x=10
64xD"x2xm
2% x4
=2+ » =2.125m 11. Ans: (d)
Sol: Fpe=Fui—Fi
2
08. Ans: 10 FH1=y><2><D><1 _yD
Sol: F =pghA 2 2
__D.D__ 4yD?
=9810x1.625x%(1.22—0.82) Fyp =yx—xox1 =——
2
F = 10kN _yp2(Llol]l 3D
2 8 8
09. Ans:1
Sol: 12. Ans:2
Sol: Let P be the absolute pressure of fluid f3 at
mid-height level of the tank. Starting from
- the open limb of the manometer (where

2x

X
Foottom = pPg X 2X X 2X X X

Fyv =pgx x 2x x 2x

pressure = P,,) we write :
Pym+yx1.2-2yx0.2-0.5yx (0.6+%)=P

or P—Pyn= Pgauge
—y(1.2-2x0.2 — 0.5% 0.6 — 0.5 x %)

For Pgauge to be zero, we have,
v(1.2-04-03-025h)=0

05

=——=2
0.25
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Fluid Mechanics

13. Ans: (b)
Sol: The depth of centre of pressure from the

free liquid surface is given by

_ 1
he, = h+ 2= (1
P Ah M)
1 Ixxc
Or, h,—h=—=
Ah

From the above relationship, as h increases,

I
% decreases. Thus, at great depth, the

difference (he, — h) becomes negligible.
Hence, statement () is correct.
Also, it is clear from equation (1) that hg, 1s

independent of the density of the liquid.

Conventional Practice Solutions

01.
Sol:
H=8m
'y A<_FA
R=[3m Gate:
sidel/iew
. }
H=5+(3—4XRJ
3n
= 5+(3—%} =5+1.727=6.727 m
Y

Fy = vyw % 6.727 x Area (projected)

2
=1vYw X 6.727 x mx3

= Yw X 6.727 x 4.51
=932.94 kN

4
hep = 6.727 + —0;2()976R
™ 6.727

0.10976x3* x 2
nx6.727

=6.727 +0.0935
= 6.8205 m from free liquid surface
= (8- 6.8205) m from base B
= 1.1795 m from base B.
Taking moment about B
Fax3=932.94 x 1.1795
= FA=366.8 kN

=6.727+

02.
Sol:
R
FH
V, Fs
h= (1 S+ 5)
2
FH = ngAprojected
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= pg[l.S +%)(Rx3)

= y(1.5+1.5)3x3)

ESE - Text Book Solutions

R Buoyancy and
3 Metacentric Height

=27yN
Y 01. Ans: (d)
1 (3 x 33 ) Sol:
hep, =3+ 12"
(3x3)3) T
= 3.25 m from free liquid surface . m 1
=3.25-1.5=1.75m from A | A
R> Ax9x3 27wy ) 4m S
Fg= 3)=vyx = N
B v( 7 j( )= rx=— :

Fp = weight of body

Fg will act through the centroid of the ovgVi = praVid

quadrant which is at a distance i—R from 640x4x2x1.25 = 1025%x(4x1.25%d)
T
. . . d=1.248m
the vertical line AB. Now, taking moment
of the forces about the hinge A, we write Via = 1248)(34“'25
Vfd = 6.24m

FS><3+FB><4—R—FH><1.75=0
3n

02. Ans: (¢)
where F; is the force in x-direction on the | Sol: Surface area of cube = 63>
stop at B & V; is in y-direction (does not Surface area of sphere = 4mr’
contribute in the moment). A = 6a2
3F, = 27x1.757— 21 ‘;—R —10%Q27x1.75 — 9x3) o [ajz
T 22
. 3 r
=10"x 27 x 0.75=202.5 kN.m
Fb,s oC Vs
:Fs:%=67.5kN 4
3 *TCI‘3 3
3 _4 m
a’ 3
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03.

Sol:

04.

Sol:

Ans: 4.76
Fg=Fpngt+ Fpw
WB = FB
X water
(10x) Hg

PbEVb= PHEV HgtPwEV w
PbVb = PHe VHgtPWVw
SV, = SpigVig+tSw Vi
7.6x10° = 13.6x10%(10-x)+10?xx
—6000 = —1260x
x=4.76 cm

Ans: 11

FB:W+T
W:FB—T
=pgVia — T

=10’ x9.81x§n(0.8)3 ~(10x10?)

=21-10
W=11kN

05.

Sol:

06.

Sol:

Ans: 1.375
Wivater = SN

Wi = 7N
S=0.85
W — Weight in air
Fgi=W-5
Fpo=W-7
W-5=pigVg.....(1)
W —7=pgVg.....(2)

Vig=Vy
W-5=p,gV,
W-7=p,gV,

2=(p, —p, eV,

2
* " (1000-850)9.81

Vi = 1.3591x10"°m’
W = 5+(9810x1.3591x107)

W =18.33N
W = Pb g Vb
18.33

=Py

9.81x1.3591x10°
pp = 1375.05 kg/m’
S, = 1.375

Ans: (d)

For a floating body to be stable, metacentre
should be above its center of gravity.
Mathematically GM > 0.
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07. Ans: (b) Shear stress on one side of the plate
Sol: W =Fg e udU
PogVo = PigVia dy
PV = piVid F, = total shear force (considering both sides
of the plate
0.6x%d2x2d:1x§d2xx pZA)V
=2Axt="2E1
x=1.2d y
GM =BM -BG ~ 2x1.5x1.5x2.5x0.1
I nd? d 11x107°
BM=_—_= = =0.052d
64x “d2x12d4 192 y (922727 N
4 Weight of plate, W =50 N
BG=d-0.6d=0.4d Upward force on submerged plate,
Thus, GM = 0.052d — 0.4d =-0.348 d F, = pgV = 900 x 9.81 x 1.5 x1.5 x 10”3
GM <0
. ' - =29.7978 N
= Hence, the cylinder is in unstable condition.
Total force required to lift the plate
08. Ans: 122.475
Sol =F,+W-F,
ol: A
I 1 A ~ 1022727 + 50 - 29.7978
=122.4749 N

09. Ans: (d)

Sol:

o Statement (I) is wrong because the balloon
filled with air cannot go up and up, if it is
released from the ground.

o However, with increase in elevation, the

The thickness of the oil layer is same on atmospheric p re?ssur.et and temperaturef bOt‘h
cither side of plate decre.ase resulting into a éecrease in air
y = thickness of oil layer density. Thus, statement (II) is correct.

_ 23.52—1.5 1 lmm
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Conventional Practice Solutions

01. Ans: (i) 0.33, (ii) 0.5 m
Sol: Given data :
Inner diameter of hollow cylinder, d; = 300 mm
Outer diameter of hollow cylinder, d, = 600 mm
S.G. of wooden hollow cylinder = 0.56
S.G. of 01l = 0.85

¢ do »
oM
Aval ; - )
oG L
h +B
io 52
fe 1 g
Let 'h' be the depth of immersion of the
cylinder in oil and L be the height of the
cylinder.
Weight of hollow cylinder = Buoyant force
acting on the hollow cylinder
Or, Veyl x%(dé —diz)xL =Y x%(df) —diz)xh
or, h=Terup =901 _gesL
Yoil 5

Let us then calculate the maximum height
of the cylinder, L for the stable equilibrium
condition.

The centre of buoyancy B will be at a

distance % from O as shown in the figure.

Or, OB= % =0.33L
and OG-= % =0.5L
I
Now, BM = —
v
i 4
= —(d} —d})x
64( o-d) nx(d2 —d?)xh
_(@+d) _ (06 +03?)
16h 16x 0.66L
_ 0.0426
L
Thus, GM = BM — (OG — OB)
L WS —(0.5L-0.33L)
_0.0426 o0

For stable equilibrium condition, GM > 0.
Putting GM = 0 for the maximum height of
the cylinder, we get

0.0426
o7 -
= L=05m
Thus, h=0.66 x0.5=0.33 m
02. Ans: Unstable
Sol: Given data:
d=1.0m, L=15m,
Psea water = 1026 kg/m
Mypyey = 80 kg
m =10 kg
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-
T Q

»----0--
o

o .

(80 + 10)xg = §x1thx1oz6xg

where h is the depth of immersion of the
buoy.

4%x90

nx1026

OB = % =0.05585m

Thus, h= =0.1117m

The position of G due to a mass of 10 kg
added to the cylindrical buoy is evaluated

as:
80 x0.75+10x 1.5=90 x OG
Or,OG:E:O 833m
90
BM= L = "xptx 2
\v4 64 nx1°xh
= ; =0.5595 m
16x0.1117

Thus, GM = BM — (OG — OB)
=0.5595 — (0.833 — 0.05585)
= 021765 m

Or, GM<0

Thus, the buoy floats in unstable condition.

Fluid Kinematics

Chapter
4

01.
Sol:

o Constant flow rate signifies that the flow is

Ans: (b)

steady.
o For conically tapered pipe, the fluid velocity
at different sections will be different. This

corresponds to non-uniform flow.

Common Data for Questions 02 & 03

02. Ans: 0.94
oV

Alocal = ———

()
[t

05 \
2x0.8

=2(1 - 0.3125)* =0.945 m/sec’

Sol:

(aLocal)atx=0.5,L=08 =2 (1 -

03. Ans:-13.68
ov

~efefiaT[af0-3)
-2 pl- 2]

Att=3sec;x=05m; L=0.8m

Sol:

convective
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- 2 2
aconvective= 2( ar = _:(3) :2 = 1 m/82
2><08 2><08 2x0.8 | R 9 9
Aconvective — — 14.62 m/SGC a= Va—V::SXl =1 l’n/S2
Qtotal = Alocal T Aconvective = 0.94 — 14.62 ox 3
=—13.68 m/sec’ a= \/(ar)z +(a, ) =\/(1)2 2 = /2 m/sec
04. Ans: (d) 06. Ans: 13.75
Sol: u = 6xy — 2x*
: Xy . ) . SOl: at(conv) :Vavg Xd_V
Continuity equation for 2D flow dx
u v _g 3¢ com) =(2'5+3J(3_2'5j=2.75x5
ox oy 2 0.1
a (conv) = 13.75 m/s?
@=6y—4x .
Ox
. Ans: 0.
(6y—4x)+@20 07 ns: 0.3
oy Sol: Q=Au
ou o0(Q
—=(4x-6y)=0 A — Y
(4x-6) Local = o 8‘[[Aj
ov = (4x—06y) dy e 1 0Q
local = A A,
V= J4xdy—j6ydy A ot
1 oQ
= - 2+ ALocal = —j_
axy 33’2 \ osal (0.4—0.1){ at
=4xy — 3y" + f(x
e (@roaas 0= ——x0.12 (+ 2 =0.12)
LocalJatx =0 0.4 . . 6t .
05. Ans: V2 =1.414 =0.3 m/sec?
ov 1
Sol: a—XZE(m/sec/m) 08. Ans: (b)
V=3 m/sec s o
Sol: y=x"—y
aTotal = (ax)i +(ay)j
8 0
oy __( 2—}’2):2}’
dy Oy
oy 0 (5
= —=—1Ix"- =2X
Ox 8x( Y )
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u=3x, v =4xy
Ax=Uu—+VvV—
x o _fdv_du
= (2y)(0) + (2x)(2) 2\dx dy
Say = 4x
®, = %(4y ~0)
ay = ua— + V@
X
(0)Z )at(z 2) =5 X 4(2) =4 rad/sec
= (2y)x(2) + (2x)x(0)
ay =4y
sa= (4X)I + (4y)3 11. Ans: (b)
Sol: Given,u=3x, v=Cy, w=2

09. Ans: (b)

Sol: Given, The stream function for a potential
flow field is v = x*—y*
o=7
o0 _ oy

ox oy
_ v -y
oy ay
u=2y
9%
u=-——=2
ox Y
.[8(1) =— '[ 2yox
d=-2xy+c

Given, ¢ is zero at (0,0)

o= 0
S0 =-2xy
10. Ans: 4

Sol: Given, 2D — flow field
Velocity, V = 3xi1 + 4xy]j

12.

Sol:

The shear stress, 1y 15 given by

5= u[% +%j = M{% (3x)+ %(CY)}

=u(0+0)=0
Ans: (d)

The total acceleration is given as
% = %/ o (V.V)V

where the first term on the R.H.S is the
local acceleration and the second term is the
convective acceleration.

If the flow is steady, then local acceleration
be the

acceleration.

will zero, not convective
The convective acceleration arises due to
the fact that a fluid element experiences
different velocities at different locations.
Thus,

statement (II) is correct.

statement (I) is wrong whereas
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- - - Or, dx _ f+ y£ -------- (2)
Conventional Practice Solutions dy dy
Equating (1) with (2),
.o .o f + y£ = _M
01. Ans: (ii) y = xx (ii) (0, 0) dy 2y xy
Sol: Given: u=c(x*— y2) and v = —2cxy oo g
The equation of a streamline is given by o of
dx _dy df  1-f 1-3f2
u v Or, y—= —-f =
dy 2f 2f
d 2C 2
o, XY= - A 2f dy
dx u C(X —y) X -y Or, 1_3f2df:7
6f df = _3dy
(i) For flow to be parallel to y-axis, u=0 32— y
Or, gy S S Integrating
dx x*-y’

In(3f>~1)+3Iny=InC
This is possible when x =+ y 0 3
Or, (3f—I)xy =C

2
(ii1)) The fluid is stationary when u & v both are Or, (37‘_2 _ 1},3 =C
Yy

Z€10.

2 ]
From the velocity components given, it is Ry gy -

2 37
possible when (x, y) = (0, 0) Or, x“y -y /3= constant, proved

(1) From the equation of streamline

dy  —-2xy
dx x*-y’
2 2
or, &__x-¥ ()
dy 2xy
Let x=1fy

or dx=fdy + ydf
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Energy Equation and
its Applications

Chapter
5

01. Ans: (¢)

Sol: Applying Bernoulli’s equation for ideal

fluid
P 2 P 2
-1+, +V—1:—2+Z2 +V—2
pg 2g pg 2g

2 2
h @ P O
pg 2g pg 2g

b PK_4 1
pg pg 2g 2g
PoP_3 1S
pg 28 g
02. Ans: (¢)
Sol: @
Sl @ 'y
2m
S
@ 2m v
2
V—1—1.27m , £:2.5m
2g pg
2
P
V—2 =0.203m , —2+=5407m
2g pg
Zl =2m , Zz =0m
Total head at (1) — (1)
2
= V_1+£+Zl
2g pg

=127+25+2=577Tm

03.

Sol:

Total head at (2) — (2)
2
= V_2 + & + Z2
2g pg

=0.203+5.407+0=5.61m
Loss of head =5.77-5.61 =0.16 m
. Energy at (1) — (1) > Energy at (2) — (2)
. Flow takes from higher energy to lower

energy
1.e. from (S;) to (Sy)
Flow takes place from top to bottom.

Ans: 1.5

A4Z§dfz%@if=785ﬂ04mm2

A2=§d§=§«MBY:496xur%nm2

2 2
i+V—1+Z1 :&+V—2+Z2 +h,
pg  2g pg  2g

Z, = Z,, it is in horizontal position
Since, at outlet, pressure is atmospheric
P,=0

Q = 100 lit/sec = 0.1 m*/sec

=—=———=12.73m/sec
v, =2 0.1 - =12.73m/
A, 7.85x10
=—=————=51.02m/sec
R 0.1 - =51.02m/
A, 1.96x10
Plgauge + (1273)2 _ O+ (5102)2
pairxg 2X10 2X10
i =121.53
pair'g
P =121.53xp,, xg
=1.51 kPa
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4. Ans:
04. Ans: 395 . A, =2d2=2(0.12)* =0.011m?
Sol: Q =100 litre/sec = 0.1 m’/sec 4 4
Vi=100m/sec;  P;=3x10° N/m’ AP = 4 kPa,
V, =50 m/sec; P, =1 x 10° N/m? h= AP _ AP
Power (P)=? w Pf £
Energy equation : AP 4x10°
2 2 s;p,g  0.85x1000x9.81
i+\2/—1+zl=5 V; 247, +h, Pu8
Pg 2g Pg 2g 0. __ 007x0011 \/2><9.81x4><103
5 2 2 Th 2 2
3x10 . 100 Lo 1x10° .\ 50 c04h; \/(0_07) _(0.011) 0.85x1000x9.81
1 1 2x1 1 1 2x1
00010 210 00010 240 =0.035 m’/sec = 35.15 ltr/sec
= hL =395 m
P=pgQ.hy 06. Ans: 65
P=1000 x 10 x 0.10 x 395 Sol: hg,e =0.30 m
P =395 kW hgtat = 0.24 m
V=c,2gh,..
05. Ans: 35 @
Sol: V= 1\’ 2g[hstag B hstat )
fluid, S = 0.85
= /2(9.81)0.30-0.24) = 1.085 m/s
=1.085 x 60 = 65.1 m/min
€ Pressure difference 07.  Ans: 81.5
Between A & B =4 kPa Sol: x =30 mm, g= 10 m/s2
Pair = 1.23 kg/m’;  ppe = 13600 kg/m’
d; =300 mm, d, =120 mm C=1
_ AN |
Qnm, —ﬁv 2gh V =,/2gh,
hy = Om 1
_ AA, (AP) =X g
1/A2 A2
h, =30x 10_3(%—1]
Ar=Ld>=2(030) =0.07m’
4 4 hp=331.67m
V =1x+/2%x10x331.67 = 81.5 m/sec

ACE Engineering Publications AR ELELERIELIK
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08. Ans: 140

A A
Sol: Q, =C,———,/2gh
Al —A;
1
Cyoc—
RN
Cdvcmuri _ 095 _ horiﬂce
C d O . 65 h venturi

orifice

hventuri =140 mm

09.
Sol:

Ans: (d)

° For an orifice meter, the fluid re-establishes
its flow pattern downstream of the orifice
plate. However, the fluid pressure
downstream of the orifice plate is not the
same as that at upstream of the orifice plate.
Thus, statement (I) is not correct.

o Bernoulli's equation when applied to any
two points (for irrotational, steady and

incompressible flow) can be written as

2 2
£+V_1+Zl :&4_\/_24_22
Y o2g Y 2g

If V] :Vz &Zl :Zz, we getP1 :Pz.

Thus, statement (II) is correct.

Conventional Practice Solutions

01. Ans: 5.4 cm, 540 Pa

Sol: Air enters into the wind tunnel at P, and
V = 0. It attains a velocity V in the test
section and the pressure there is P.
Applying Bernoulli's equation for points (1)

and (2) as shown in the figure.

Wind tunnel

2 2
Y air 2g Yair 2g
But P, = Patm, Vi=0 and Z1=172,
2
ThuS, M — &
yair 2g
2
(108 % 158j
= =~ @00 @ =45 caeea 1
2x10 (1)
From manometer,
P2 + YWateth = Patm
or, Pom — P2 = Ywater X h (2)

Hence, equation (1) becomes,

Yuwerl _ 45 (from (2))
Yair
b= PV A5X12x8 g o541
YWater 10 Xg

= h=54cm
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Applying Bernoulli's equation for points (2)
geaall Momentum equation and
6 its Applications

and (3)
RS FR S
Yair 2g Yair 2g

But point (3) is stagnation point where

P3 =Py & V3=0 01. Ans: 1600
P _ ) Sol: S=0.80
Yair 2g ’ m

V=10

Or, P, —P, =45x1.2x10=540Pa m/sec
F=p.AV’
F=10.80 x 1000 x 0.02 x 10°
F=1600 N

02. Ans: 6000

Sol: A=0.015m’
V = 15 m/sec (Jet velocity)
U =5 m/sec (Plate velocity)

F = pA (V + U)
F = 1000 x 0.015 (15 + 5)*
F = 6000 N

03. Ans: 19.6

Sol: V =100 m/sec (Jet velocity)
U =50 m/sec (Plate velocity)
d=0.1m
F =pA (V- U)

F=1000><§><0.12 x (100 -50)"

F=19.6 kN
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04. Ans: (a)
Sol:

V—V

|

Ve—

Fx = paV( le — sz)
=paV(V - (-V))
=2 pa V?
=2x 1000 x 10*x 5°=5N

05.
Sol:

Ans: (d)
Given, V =20 m/s,
u=>5m/s
Fi=pA(V - u)’
Power (P)) = F; xu = pA(V —u)’ xu
F,=p. AV xV,
=p.A(V).(V-u)

Power (P,) = F; xu = pAV(V—-u)u

P pA(V —u)’ xu

P, pAV(V-u)xu

_V—u_l_i
A/ Vv
S

=0.75

1—
20

06.
Sol:

Ans: 2035
Given, 6 = 30°,
(P;)g = 200 kPa,
Ai=113x10" m?,
p =10’ kg/m’,
From the continuity equation :
pA; Vi= 14

m = 14 kg/s
(Pe)g=0
A.=7x10* m?
g =10 m/s®

or V. = 14

1 3 —=124m/s
10° x113x10

14
10°x7x107*
Let Fx be the force exerted by elbow on

Similarly, V, = =20m/s

water in the +ve x-direction. Applying the
linear momentum equation to the C.V.

enclosing the elbow, we write :

(Pi)gAi +F = rh(Ve cos30° —Vi)

F, = 1m(V, cos30° — V)~ (P), A,
= 14 (20xc0s30° — 1.24) — 200x10°x113x10~*
=225.13 = 2260

=—2034.87N ~—2035N

The x-component of water force on elbow is

—Fx (as per Newton’s third law),
ie.,=2035N
(e),
N . ,{

yl (P, =0
B 300

(;) — > F(X)on water
07. Ans: (a)
Sol: In a convergent nozzle, as the area

decreases in the direction of flow, the flow
velocity will increase (AV = Constant) in
the direction of flow. This will result in
increase in its momentum. Thus, statement
(I) 1s correct and statement (II) is the correct

explanation of statement (I).
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Conventional Practice Solutions

01.

Sol:

(a)

(b)

Ans: Right: a, b, ¢; Left: d

Let Fx be the force exerted by the fluid on
the device which will be different for
different devices. Since inlet and outlet
sections of the devices are at atmospheric
pressure, there will be no contribution of
pressure forces at these sections. Let V; and
V. be the velocities at inlet and outlet of the

devices in x-direction.

(a) (b)

(c)

(d)

Applying linear momentum equation to
each of the devices, we write

Fo=m,[V, - (- V.)]=m,[V, + V,]

Fx is acting in +ve x direction.

Therefore, the device (b) will move to the
right.

Fy=m, (\/1 - Ve)

Since V; > V., Fx is acting in +ve x

direction.

(c)

(d)

02.

Sol:

(P -

Or,

Therefore, the device (a) will move to the
right.

F,=m (V. -0) = mV,

Fx is acting in +ve x direction.

Therefore, the device (c) will move to the
right.

Fy= 1y (V; = V,)

Since V. > V;

Fx is acting in —ve x direction. Therefore,

the device (d) will move to the left.

Given data:
A;=0.009 m’
V;=30.5m/s
Vs=3m/s

A, +A;=0.07m’ = Ay
As = (0.07 = 0.009) = 0.061 m*
AjVi+ AV = (A + Ay Ve

(From continuity equation)
0.009 x 30.5 +0.061 x 3=0.07 xV,
Or, V.=6.536 m/s = 6.54 m/s
Applying linear momentum equation:
Pi(As+ Aj) — Po(As + A))

= pAr X Ve[Ve] — pA V] —pA V!

P)AT= pA V. —pAV, —pAV]
= p|0.07x6.536* —0.061x9 —0.009x 30.57

=-10°(5.931)N

Pz —P1 = ﬁ = 84.73 kPa
0.07
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04. Ans: 1.92
Chapter Laminar Fl Sol: p=1000 kg/m’
aminar riow
7 Q = 800 mm*/sec = 800 x (10°)’ m*/sec
L=2m
01. Ans: (d) D=0.5mm
Sol: In a pipe, the flow changes from laminar AP =2 MPa =2 x 10°Pa
flow to transition flow at Re = 2000. Let V =7
be the average velocity of flow. Then AP = 128.uQL
-2 nD*
ZOOO:w:V:Im/S s
0.4x10 J 106 = 128x1x800x(107) x2
In laminar flow through a pipe, 7:(0.5 x107 )4
Viax =2 X V=2m/s p=1.917 milli Pa — sec
02. Ans: (d) 05. Ans: 0.75
2
Sol: The equation t= (— 8_Pj(£j 1s valid for Sol: U,=Uyu | 1- &L
ox N\ 2 R
laminar as well as turbulent flow through a 4 5
. U r
circular tube. —=1- (—j
Umax R
03. Ans: (d) 4 50 \
Sol: Q=A.Vyy, 200
Q=A=7 (Vo =2 Vay) —if1-1) =3 =075 ms
4 4
2
S EO
411000/ 2 06. Ans: 0.08
LN (0.04)* x0.75 Sol: Given,
4 b =0.8 x 1000 = 800 kg/m’
= E><i><i><E __3n m’/sec p=1 Poise = 10" N-s/m’
4 100 100 4 10000
d=50mm=0.05m
Velocity =2 m/s
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VD
Reynold’s Number, Re = P

08. Ans: 5.2
[ Sol: Oil viscosity, p = 10 poise = 10x0.1
_ 2
= M =800 I N-s/m
10 y=50x%10"m
(' Re <2000) L=120cm=1.20m
.. Flow is laminar, AP =3 x 10°Pa
For laminar, Darcy friction factor Width of plate = 0.2 m
P -0 _g08 Q=7
Re 800 Q = A.Vayg = (width of platexy)V
12uVL
07. Ans: 16 AP=—r
Sol: For fully developed laminar flow, 12x1xV x1.20
32uVL 3x10° = oY
h, = — (. Q=AV) (50><10
pgD 3
V =0.52 m/sec
320 QL Q= AVag = (0.2x50x107%) (0.52)
A 32uQL :
h, = — = = 5.2 lit/sec
pgD AD" xpg
h, - >2HQL 09. Ans: (a)
T
ZDz xD? x pg Sol: Wall shear stress for flow in a pipe is given
1 by,
h, c —
P o P R AP D
T2 T L
hy D? =h; D;
’ _APD
Given, D, D 4L
2
4
10. Ans: 72
h“xD? :hmx[&j ns 5
2 Sol: Given, p =800 kg/m”,
h, =16h; p=0.1Pas
Head loss, increases by 16 times if diameter Flow is through an inclined pipe
_ —2
is halved. d=1x10"m,
Var = 0.1 m/s,
0 =30°
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ACE Engineering Publications AR ELELERIELIK

Applying energy equation for the two
sections of the inclined pipe separated by 10
m along the pipe,

2 2
PVEL, RV
ButVv,=V;,,
(Zo—Z1)=105in30°=5m
and hf:%
pgd
Y Tpad®
32uV._L
(Pl—P2)=pg(Zz—Zl)+%
=800><1()x5_|_32><0-1><0.1><10
(1><10‘2

=40 x 10° + 32x10° = 72 kPa

Ans: (d)

In hydrodynamic entrance region of the pipe
of uniform diameter, the average velocity
remains constant in the direction of flow.
Thus, statement - [ is wrong.

However, in the above region the centreline
velocity increases in the direction of flow as
boundary layers grow on the solid surfaces.

Thus, statement (II) is correct.

ﬁ écp..% 24 ESE - Text Book Solutions
Re = PVad _ 800x0.1x1x107 _g
M 0.1 Conventional Practice Solutions
= flow is laminar.
01.

Sol: The velocity profile for fully developed

(@)

laminar flow between two stationary

parallel plates is given by

2u( aepj(By_yz)

At the upper surface

au ( aPJ(B 2xB)
G‘yy:B 2p ox
:__( anB
ox
ou :__( aPJB
ox
1

Ty=B= U
= %x1000x5x10*3 =-2.5Pa

ay

y=B

Thus, the magnitude of the shear stress on
the upper plate is 2.5 Pa and its direction is

opposite to the direction of flow.

(i1)) Discharge per unit length

B

[u(y)dyx1)
ﬁ(By - y* My

L(—@P
2u\ ox Jj

2 3B
:L(—al’j gY Y
2ul ox 2 3
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YT
2ul ox 2 3
_ B (-
12p{ ox
-3
S CE ) I
12

=20.83x10"° m’/s

02.
Sol: This is a problem of Couette flow with
pressure gradient. In this case the velocity

profile is given by

0.1 1 i
_ 1200)0.01y —
0.01Y+2><0.1( Yoory-y’)

=10y + 6000(0.01y — y?)
=10y + 60y — 6000y”

=70y — 6000y”
For maximum velocity
a =0=70-12000y
oy
Or, :7()><—1()0O mm= 5.833 mm
12000

and
Vinax = 70x5.833x 107 — 6000x(5.833x10°)?
=0.204 m/s

Chapter
8 Flow through Pipes

01.
Sol:
e  The Darcy-Weisbash equation for head loss

Ans: (d)

in written as:

2
. _fLV

" 2¢d

where V is the average velocity, f is friction
factor, L is the length of pipe and d is the
diameter of the pipe.

e  This equation is used for laminar as well as
turbulent flow through the pipe.

o The friction factor depends on the type of
flow (laminar or turbulent) as well as the
nature of pipe surface (smooth or rough)

° For laminar flow, friction factor is a

function of Reynolds number.

02. Ans: 481
Sol: Given data,
m = n kg/s, d=5%x10"m,
1=0.001 Pas, p = 1000 kg/m’
m 4m 4xm 4

V —_ — = =
™ pA pnd® pnd® pd?
_pVyd _ 4

Re >
H pd

d
X — =
0

px i
pd
4

T 0.001x5x10°
= Flow is turbulent

=8x10*
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N
: CE
S /2¥ Engineering Publications
0.316

—0'316: =0.0188

f= Re%? (8 %10* )0,25

2 2
AP:pgfLVaV:fPLX(iZ] 1
pd

X_
2gd 2d
AP 16 1 8f 8x0.0188
—=fx—x—=—==
L pd 2 pd® 10°x(5x107?f
=481.28 Pa/m

03. Ans: (a)

Sol: In pipes Net work, series arrangement

_ fxixV? fxIxQ’

~ h -
T 2ed 12.0xd°

hy £, x0,xQ} X 12.1xd;,
hy  120xdy  fyx/lyxQy

Given Iy = I, fa =g, Qa=0Q5p
by (da) [ da )
h, \d,) \12d,

5
(L =0.4018 = 0.402
1.2

04. Ans: (a)

Sol: Given, d; =10 cm;
d>, =20 cm
fi=1f;
Lh=hL=1
le=L+5L=2]
L_bo b2 1
d 4 4 d> 10° 20°
S.de=11.4cm

05. Ans: (¢)
Sol:

_>V1

.
.7

d

-V

Given dz = 2d1

Losses due to sudden expansion,
(Vl -V, )2
2g

A AT
2g \4

By continuity equation,
Q=A1Vi=AV;

2 2
Rl _(lj
vV, A, (d,) \2

5) 2
n=2(1:4)
2g 4

hL:

9 V]
Iy — <
16 2g
b %
V2 16

06. Ans: (b)

Sol: Pipes are in parallel

Qe=Qa+Qp - (1)
hLe: hLA :hLB
Le=175m

f.=0.015
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feLeQZ _ fA LAQ/Z-\

12.1D]

— fBLBQé
12.1D3  12.1D;,

0.020x150x Q2 _ 0.015x200x Qj

12.1x(0.1)° 12.1x(0.08)°
Qa=1747Qp  —mmmmv (ii)

From (i) Q.=1.747 Qg+ Qs
Q.=2.747Qp - (iif)

0.015x175(2.747Q,)°  0.015x200xQ},
12.1xD? 12.1x(0.08)’

D.=116.6 mm =~ 117 mm

07. Ans: 0.141
Sol:

Given data,
L=930m, Kyiwe=25.5

d=0.3m
g=10m/s

kentry = 0.5,
f=10.03,

Applying energy equation for points (1) and

(2), we write :

P V! P, V;
—+——+Z =+ +Z,+h
Ve 28 Ve 28

+ hL,valve + hL,exit + h

V1:0:V2

f,pipe

08.

Sol:

or

or

Z1_22:201'113 kexit:1
2 2 2 2
Z,-7,-05Y 1553 4 ¥ LV
2g 2g 2g¢  2gd
vV fLV? V? fL
=T7—+ =—I|7+—
2¢g 2gd 2g d
2 2
or 20= V—[7 +—0'03X930} 100~
2g 0.3 2g
or V2= 20x2g _ 20x2x10
100 100
= V=2m/s
Thus, discharge, Q = % x0.3% x2
=0.1414 m’/s
Ans: (¢)
Given data :
—0.2

Fanning friction factor, f=m Re

For turbulent flow through a smooth pipe.

AP p prarcyL\]2 — p(4f)LV2
2d 2d
. 2pmRe **LV?

d
AP oc V?V?oc V'® (as all other parameters

remain constant)

We may thus write :

1.8 1.8
AR [Vl 2] 34822
AP, |V, 1

AP, =3.4822 x 10 =34.82 kPa
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09. Ans: (b)
Sol: Given data :
Rectangular duct, L =10 m,
X-section of duct = 15 cm x 20 cm
Material of duct - Commercial steel,
€=0.045 mm
Fluid is air (p = 1.145 kg/m’,
v =1.655x10" m%s)
=7 m/s
Vo XDy
\Y

VaV
Re

where, Dy, = Hydraulic diameter

_ 4 xCrosssectional area

Perimeter

_4x0.15x0.2

2(0.15+0.2)

Re = 7><O.171f15
1.655%x10

= Flow is turbulent.

=0.1714m

=72495.5

Using Haaland equation to find friction

factor,
1.11
L ~—1.8log Q+(8/Dh]
f Re 3.7

6.9 0.045x107° "
=—1.8log +
724955 | 0.1714%3.7

=-1.8 10g[9.518x107 + 2.48x107]
=—1.8 log(11.998 x10°)

The pressure drop in the duct is,

pfLV?
2D,

AP =

~1.145%0.02x10x 7°
2x0.1714

The required pumping power will be
Poumping= Q AP = A V,, x AP
=(0.15x0.2) x 7 x (32.73)

=32.73 Pa

=6.87W~7W
10. Ans: 26.5
Sol:
P4 9 L/2 R oya S
I~ i |
—> : ! —5>

Case I: Without additional pipe,
Let Q be the discharge through the pipe.

Then

2 2 2
&‘F&'FZ —PS+V—S+ZS+fLQ5
Yy 2g Yy 2g 12.1d
But Vp = Vg
and Zp=17s

Pp and Pg are the pressures at sections P and

S, respectively.

Thus,
LONE: J Y
y oy 121d°
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Case II: When a pipe (L/2) is connected in

parallel.
In this case, let Q' be the total discharge.
Qox =2 and Qus=Q'
Then,
' 12 i 12 12
&+V_P+Z;) :&+V_S+Z’S +M
Yy 2g Yy 2g 12.1d
. f(L/2)(Q'/2) . f(L/4)Q"?
12.1d° 12.1d°
Pp’ and Pg' are the pressures at sections P

and S in the second case.

But Vo' =Vy' ; Zp' =Z¢'

' ' 12
So,&—&=fLQ5 l+1+l
v oy 121d°|4 8 4
5 fLQ"
= — X —————— —————— 2
8 12.1d° @
Given that end conditions remain same.
i.e.,&—izp—‘;—l)—St
Yy vy v v

Hence, equation (2) becomes,

fLQ*> 5fLQ"
== fi (1
ad  gi2a¢ remed(D)
, 2
or [Qj _8
Q 5
or %=1.265

11.

Sol:

12.

Sol:

13.

Sol:

Hence, percentage increase in discharge is
2-Q, 100
Q

=(1.265—1) x 100
=26.5%

Ans: 20%
Since, discharge decrease is associated with

increase in friction.

B Xd_sz[_d_Q}

f Q Q
=2x10=20%

Ans: (¢)

As compared to sharp entrance, the rounded
entrance will give less energy loss in flow
through a pipe. For sharp entrance, the flow
be

recirculation zone till the fluid stream gets

gets separated and there will
attached to the surface. Thus, the rounded

entrance increases the flow rate when
everything else remains constant. Hence,
statement (I) is correct. However, statement

(IT) is wrong as discussed above.

Ans: (d)

The surge tanks are provided on upstream
side of the valve in order to offset the effect
of water hammer mainly due to the pressure
rise which may damage the pipe. Thus,
statement (I) is wrong. However, statement

(IT) is correct.

P.X® OB ) Tl TI0 g1 @ Wil i{E:N (1) Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada  Vizag « Tirupati  Kolkata - Ahmedabad




(o)
/4 N}
v v
v v 30
VN .Y Engineering Publications
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Conventional Practice Solutions

01.
Sol: . 0m |
I 1
V =40 m/s
10m D=3m
Fan
W)
~— F
Applying Energy equation for two points,
just upstream and downstream of the fan in
the pipe loop.

2 2 2 2
1+V—‘+Z1 =&+£+Z2 + otV +4x ctbow ¥’
Yair 2g Yair 2g 2gD 2g

where Vi=V,=V ; Z,=27,
£=0.01, D =3m,

V=40m/s, L=60m,

Keow = 0.3 (Given)

2
LELEAEL e
Yair 2g D

_ 40”[0.01x 60
2g
40°

= —x14
2g

+4x 0.3}

2

AP = pair X %XIA

2
= 1.2><%x1.4 = 1,344 Pa

Power added to air by fan, P = QAP

x3* x 40x1,344 =380 kW

BN

02.

Sol:

IR i

Applying energy equation between points
(1) and (2)

2 2
E+V—‘+Z1 =&+V—2+Z2 +(hy ) e
Ve 28 Ve 28

ButPy =P, =Pym Z1=H,Z,=0,V,;=0
Thus,
2
P 2¢  2¢D
For maximum power transmission, H = 3hy

2 2
fLv, V_22+fLVp

V2
H= 2—2+(hf)p

Or, X =
2gD 2g  2gD
2
Or 2{LV; _ \/_22
’ 2gD  2g

(1)

From equation of continuity,

%Dz\/p =%dzv2
2
Or Y, =D—2
v,od

p

Thus, substituting in equation (1), we get
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04. Ans: (¢)
p—— Sol: Given data:
9 Elementary Turbulent Flow D=30cm=03m
Re = 10°
f=0.025
01. Ans: (b) Thickness of laminar sub layer, &' = ?
Sol: The wvelocity distribution in laminar 5 = 11.6
sublayer of the turbulent boundary layer for A

02.
Sol:

03.
Sol:

flow through a pipe is linear and is given by
U _yVvE

V * v

where V* is the shear velocity.

Ans: (d)
AP =pgh,
B pfLV? B pgfLQ?
2D 12.1D°
For Q = constant
APmE%
5
AP, D} D, 1
T —=—-=| ——— = —
AP, D) (2D,) 32
Ans: 2.4
Given: V=2m/s
£=0.02
Vmax = {)

Vinaxe = V(1 + 1.43F)
=2(1+1.430.02)

=2x12=24m/s

where V" = shear velocity = V\/g

v = Kinematic viscosity

Re= V-2
A%
V.D
V: A
Re
H6XXE
S = c
v
8
8,:]1.6><;]
Re\/7
8
11.6x0.3

10° x [0.025
8

=622 x10° m =0.0622 mm

05. Ans: 25

Sol:

Given:
L=100m
D=0.1m
h;=10m

T=7

P.X® OB ) Tl TI0 g1 @ Wil i{E:N (1) Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada  Vizag « Tirupati  Kolkata - Ahmedabad




gﬁ“mﬂgg 32 ESE - Text Book Solutions
For any type of flow, the shear stress at N y(V *)2
wall/surface T = — dp X 5 u
dx 2 where, V* is the shear velocity.
o= DB, 2 0.5x107 x(0.05)’
L 2 Thus, v=
1.25
S XB = 1x10° m%/s
L 4 o
=1x10" cm“/s
_ 1000x9.81x10 XE
0 ) 08. Ans: 47.74 N/m>
=24.525 N/m*= 25 Pa - ANS: &l m
Sol: Given data :

06. Ans: 0.905
Sol: k=0.15 mm
=49 N/m*

v = 1 centi-stoke

V= Lo o ﬁ =0.07 m/sec
p \ 1000

v = 1 centi-stoke
—4

_ Lstoke = =10"°m? /sec

100
k 0.15x107

8 [11.6xvj
V*
_0.15x107

11.6x10°
0.07

=0.905

07. Ans: (a)

Sol: The velocity profile in the laminar sublayer

is given as
u yv*
V* oy

d=100 mm=0.1 m
U=0 = Umax = 2 M/S
Velocity at r =30 mm = 1.5 m/s
Flow is turbulent.
The velocity profile in turbulent flow is
o 8 _ 5 75 1og(5]
V* y
where u is the velocity at y and V* is the
shear velocity.
For pipe,y =R —r
=(50-30) mm =20 mm

Thus,
2_1'5=5.7510g 3915088
V* 20

or V¥= ﬂ =0.2185m/s
2.288

Using the relation,

V* = /%” or Ty = p (V*)?

Ty = 10’ x (0.2185)* = 47.74 N/m’
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09. Ans: (a)
Sol:

o In turbulent flow, shear stress is given by

de ndy

= Viscous stress + Reynolds stress
where p is dynamic viscosity and m is the
eddy viscosity which is not a fluid properly
but it is a flow property which depends
upon turbulence condition of the flow.

e  From the above expression we say that the
shear stress in turbulent flow is more than
that predicted by Newton's law of viscosity.
Thus, statement - I is correct.

o Statement (II) is also correct statement and

it is the correct explanation of statement (I).

Conventional Practice Solutions

01.
Sol: Given data:
r=0, u=15m/saty=R-0=R
r=5,u=1.35m/saty= R—5 AR
2 2 2

D=02morR=0.1m

Centreline velocity 1.5 m/s = Umax

Using the logarithmic velocity profile as:

M = 5.7510g(5]
M y

where V'is the shear velocity, we can find

*

&

1.5-1.35 R

7Y —575log] —— | =5.75log(2
v g(R/2j &)

=  V =0.0867 m/s.

Similarly using the logarithmic velocity
profile in terms of u, V and V" (where V is
the average velocity) we can find V as:

U=V 575100 Y |+3.75
% R

aty=R,
u:umax
1.5-V

=5.75log K +3.75 =0+3.75
0.0867 R

= V=15-0.0867x3.75=1.175 m/s

(i) Thus, discharge = %x 0.2*x1.175
=0.0369 m’/s
.. . f'
(11)) We know that V' = V\/;

where, ' is the coefficient of friction.

)
Thus, f’=2x(V—]
\Y

2
s (0.0867)

1.175

=0.011
The friction factor, f= 4f' = 0.044
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(ii1)) The relationship between height of

roughness projections, K and friction factor Chapter

is given by 10 Boundary Layer Theory
1

R
—=20log| — |+1.74
JE g(K)

Substituting the values, we get
U_x

1 Sol: Re Critical —

R
=2.0logl — |+1.74
70.044 g(Kj v

Assume water properties

01. Ans: (¢)

critical

R

log(ﬁj ~1.5136 G105 6% Xori
1x10°°
R 35609 Xeitioal = 0.08333 m = 83.33 mm
K
3

k=_R _0Ixi0°" 02. Ans: 1.6

32629  32.629

=3.065 mm Sol: 6 oc (At given distance ‘x’)

% _ RS
5, \ Re
S, _ [256 16
J, 100 1

03. Ans: 80

Sol: T -

4 A Pa=2cml 5. —3cm
Aly B
A

) X ) 1 m |
f— x+1) —
SOC\/;
Sa _ | X
Op (x1+1)
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XZE: X 6:.[81 [ dy
3 X1+1 OUw Uoo
4__ X SY(1_Y
—= = =1-=|d
9 x,+1 JOS( 8) Y
5x=4=%x;=80cm y2 yS6
B
04. Ans:2 S 5 5
Sol: T« % 2 3 6
1 Shape factor = Ll :6/—2:3
Too — rSaca/x 0 0/6
Jx
O [X2 06. Ans: 22.6
Ty Xy Sol: Drag force,
1
T—l: »\/Z = 2 FD = — CD.p.AProj. UOZO
T, 2

B=15m, p=12kg/m’

05. Ans:3 L=3.0m, v =0.15 stokes
w=2
Sol: U£=% U m/sec
” Re=Jelo 25 4 0
. v 0.15x10
— =Shape factor = ?
CD:1'328: 1.328 2.09%10°"
VRe  /4x10°
. 0 u
= '[0 (1 - U—wj dy Drag force,
‘ FD=1><2.09><10-3><1.2><(1.5><3>)><22
= r’( —dey 2
‘ =22.57 milli-Newton
vl
y 28], 07. Ans: 1.62
Sol: Given data,
_5. 0.0 U, =30 m/
2 2 =T VIS,

p=12kg/m’
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Velocity profile at a distance x from leading 09. Ans: 28.5
edge, Sol: Given data,
u |y Flow is over a flat plate.
u, 8 L=1m,
0=1.5mm U, =6 m/s

08.
Sol:

Mass flow rate of air entering section ab,
(rhin)ab = ono(Sx 1)= pUEXJ6 kg/S

Mass flow rate of air leaving section cd,

) =l =p U 2oy

_onoy_”_pUmS
5 2], 2

From the law of conservation of mass :
(min )ab 5 (Ihout )cd + (mout )bc

Hence, (1, ),, = (mhy, ), — (i, ).,

pU,0
~pU, 8-
pPYs 5
~pUS
2

1.2x30x1.5%10
2

=27x10" kg/s
=27x10x60 kg/min
= 1.62 kg/min

Ans: (b)
For 2-D, steady, fully developed laminar

boundary layer over a flat plate, there is

velocity gradient in y-direction, au only.

The correct option is (b).

v =0.15 stoke = 0.15x10* m%/s
p =1.226 kg/m’
S(X): 346X

JRe,

Velocity profile is linear.

Using von-Karman momentum integral

equation for flat plate.

@:T_wz ________ (1)
dx pU

o0

we can find out Ty, .

From linear velocity profile, Ul :%,

0

w¢E

evaluate first 6, momentum thickness as

. e_§_lx3.46x
6 6 4 Re,
3.46 x'?
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Differentiating 6 w.r.t x, we get : flow, even though the turbulent boundary
do 346 xV? 1 layer is thicker than the laminar one for the
dx 6x2(U V" 02883 U, x same value of free stream velocity. This

(vj v results in higher skin friction drag in
do 1 0.2883 turbulent boundary layer. Thus, statement
— =(0.2883 x =— .
dx| _osm \/ 6x0.5 447.2 (I) is correct.
0.15x107" o The separation of turbulent boundary is late
_____ () as compared to laminar boundary layer.
From equation (1) Thus, statement (II) is also correct but it is
do ) not the correct explanation of statement (I).
w =— xpUs
x=0.5m dX 05
0.2883 Conventional Practice Solutions
=— 1.226 x6
447.2
2 01.
=0.02845 N/m
) Sol: Given data:
~ 28.5 mN/m . _
Test section dia =40 cm
Test section length = 60 cm
10. Ans: (¢) . N .
Sol Velocity of air at inlet =2 m/s
ol:
. * 172X

e  For laminar boundary layer over a flat plate, and & = \/ﬁ
the velocity gradient at the surface |
decreases in the direction of flow. Re, = 2;;)(_)5' . 1.2x10°

J This results in the decrease in shear stress

: ) - x 1.72%0.6
and hence, the decrease in skin friction So,8 atx=0.6m = e
coefficient in the direction of flow. o
=2.979x10° m

11.
Sol:

Thus, statement (I) is correct but the

statement (II) is wrong.
Ans: (b)
The velocity gradients at the wall, and thus

the wall shear stress, are much larger for

turbulent flow than they are for laminar

From equation of continuity
AinVin = Aexit Vexit
But deyi = 0.4 - 28
= (0.4 —2x2.979x10%) m

2
Thus, Vit = 0.4 = | x2
04-2x2979x10

=2.061 m/s
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02.
Sol: Given data:
Chapter
Flow over a flat plate kg Forceon Submerged Bodies
Fluid is water.
U, =1m/s
L=1m 01. Ans:8
Case I: Flow is turbulent Sol: Drag power = Drag Force x Velocity
Atx=1m P=FpxV
U_x Ix1 6 AV?2
Rey=—"~=——>=10 = p
Vwater 1076 P CD 8 * V
3, _ 0376 _ 0376 PocV’
1
X 6\ 3
(RGX)S (10 )5 i:[il
P, (V
B =&61X1=0.0237mz24 mm ‘O
(10°F P, _( v I
oo 0059 P, \2V
- f,x = 1
ou? (Re, )s = LA
2 Comparing the above relation with XP,
Wzo'os?xlx1o3x12:1.86N/m2 We get, X=38
(0°)
02. Ans: 4.56 m
Case 2: If the flow is laminar d.:
For the comparison purpose, consider the | Sel: Fp=Cp. 2
same Reynolds number. -
6lam _ 5 Z(D)z % V2
« /_Rex W=0.8 x1.2 x
5x1 (Note: A = Normal (or)
Oy = == =5 mm
10 projected Area = %Dz)
and T, = 0.664 x%pUi 102
Re, 7848 = 0.8x1.2 (D)’ x—-
0664 1 107 x1? = 0.332 N/m? D—4se
}106 . - 5 m
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03. Ans: 4

Sol: Given data:
/[=0.5km=500m
d=125cm
Vwing = 100 km/hr
Yair = 1.36x9.81 = 13.4 N/m’
v=14x10" m%/s
Cp=1.2 for Re > 10000
Cp = 1.3 for Re < 10000

Towers

(100x5j(500)
V.L 18
Re = =

v 1.4x107°

Note: The characteristic dimension for electric
power transmission tower wire is “L”
Re =992 x10° > 10,000
L Cp=12
pAV?
2

FD = CDX

9.81

e

2
12x[ 134 (500%0.0125 100 >
9.81 18

2

=39524N
=4 KN

04. Ans: 0.144 & 0.126
Sol: Given data:
Wkite = 2.5 N
A=1m’
0 =45°
T=25N
Vwind = 54 km/hr

= 54><i =15m/s
18

Vv

0°= 452

T=25N
WKite:2 S (N)

Resolving forces horizontally
Fp = Tcos45°

2
PAVE _ 25« cosds®

CDX
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06. Ans: (c
c. X(12.2j(1)(15)2 ©
9.81 1 Sol: When a solid sphere falls under gravity at

=25x—
2 V2

Cp=0.126
Resolving forces vertically
FL = WKite + TSil’l450

A 2
CPAVE ) 5 4 255inds°
25

12.2 2
cL(%j(l)(ls) o
2 D)

S.CL=0.144

05. Ans: (a)
Sol: Given data:
Cp, =0.75C,, (25% reduced)

Drag power = Drag force x Velocity

C,pAV’ >

P=FpxV = V

pAV’

P:CDX

Keeping p, A and power constant
CDV3 = constant = C

Co _(V3)
Co. LV,

=~ V2 =1.10064V,
% Increase in speed = 10.064%

its terminal velocity in a fluid, the following

relation is valid :

Weight of sphere = Buoyant force + Drag force

07.

Sol:

Ans: 0.62
Given data,
Diameter of dust particle, d = 0.1 mm
Density of dust particle,
p=2.1 g/em’ = 2100 kg/m’

Uair = 1.849x10°° Pa.s,
At suspended position of the dust particle,

Whoarticle = Fp + Fp
where Fp is the drag force on the particle
and Fjp is the buoyancy force.
From Stokes law:

Fp=3nuVd

Thus,

gx nr xpxg=3muVd + gnﬁpairg
4 %
or, ETCI‘ g(p - pair) = 3Tcl""air V(zr)

or V :gljg(p_pair]
9 !"lair

(2100-1.2)

= 2(0.05x107f x9.81x =
9 1.849x10

=0.619m/s ~0.62 m/s

P.X® OB ) Tl TI0 g1 @ Wil i{E:N (1) Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada  Vizag « Tirupati  Kolkata - Ahmedabad




41

Fluid Mechanics

ACE

08. Ans: (b)

Sol: Since the two models M; and M, have equal
volumes and are made of the same material,
their weights will be equal and the
buoyancy forces acting on them will also be
equal. However, the drag forces acting on
them will be different.
From their shapes, we can say that M,
reaches the bottom earlier than M;.

09. Ans: (a)

Sol:

o Drag of object A; will be less than that on
A,. There are chances of flow separation on
A; due to which drag will increase as
compared to that on A;.

o Drag of object B; will be more than that of
object B,. Because of rough surface of B,
the boundary layer becomes turbulent, the
separation of boundary layer will be delayed
that results in reduction in drag.

° Both the objects are streamlined but C, is
rough as well. There will be no pressure
drag on both the objects. However, the skin
friction drag on C, will be more than that on
C, because of flow becoming turbulent due
to roughness. Hence, drag of object C, will
be more than that of object C;.

o Thus, the correct answer is option (a).

10.
Sol:

o Dimples on a golf ball are intentionally

Ans: (a)

provided to make its surface rough so that
flow becomes turbulent.

o A turbulent boundary layer, having more
momentum than a laminar boundary layer,
can better resist an adverse pressure
gradient, thus avoiding early separation.

° Thus,

statement (II) is the correct explanation of

both statements are correct and

statement (I).

Conventional Practice Solutions

01.
Sol: The lift force on the given plate is
Fr. = (AP x A)cosa — (Zty x A)sina

Fp = (APxA)sina + (ZtyxA)cosa
Substituting the values given:
Fp = [2.3 — (-1.2)](1)sin7° + (7.6x10* +
5.8x10%)x1xcos7°
=426.5 N+ 133 N=559.5 N~ 560 N
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FL = [2.3 — (-1.2)]x1xcos7° — (7.6x107% +
5.8x10 %)x1xsin7°
=3474N-163 N
=3457.7N =~ 3458 N
When the shear stress is neglected, then
Fp = (AP x A)cosa =426.5 N~ 427 N
and Fp = (AP x A)sina = 3474 N

Chapter
12 Dimensional Analysis

01. Ans: (¢)
Sol: Total number of variables,
n=8andm=3 (M,L&T)

Therefore, number of t’sare=8 -3 =15

02. Ans: (b)
Sol:

T MLT? 1
" pD*V? ML xD2xI*xT?

— It is a non-dimensional parameter.

VD LT 'xL
2. = —— # 1.
p  ML'T
— It is a dimensional parameter.
L=
A%
— It is a non-dimensional parameter.
4. P¥D _pe.
n

— It is a non-dimensional parameter.

03. Ans: (b)
Sol: T=1(/,g)
Total number of variable,
n=3,m=2 (L & T only)

Hence, no. of tterms =3 -2=1
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04. Ans: (¢) 07. Ans: (d)
Sol: Sol: Froude number = Reynolds number.
e Mach Number — Launching of rockets v; = 0.0894
e Thomas Number — Cavitation flow in soil If both gravity & viscous forces are
e Reynolds Number — Motion of a important then
submarine v, =(L,)"
e  Weber Number — Capillary flow in soil m L
L.=1:5
05. Ans: (b)
Sol: According to Froude’s law
08. Ans: (¢)
T =4L . . ,
' ' Sol: For distorted model according to Froude’s
t
m o law
t ' 3/2
’ Q =L,Ly
t = b _ 10 Ly =1:1000
N TRENIVEY: R
Ly =1:100
t, = 50 min 3
Qun=0.1m"/s
3/2
06. Ans: (a) Q = 1 X(Lj _0.1
Sol: L=100m ey Q,
V, =10m/s, Qp=10"m’/s
_ L
r05 09. Ans: (c)
As viscous parameters are not discussed, | Sol: For dynamic similarity, Reynolds number
follow Froude’s law. should be same for model testing in water
According to Froude, and the prototype testing in air. Thus,
V :—ﬂL pwawxdW_anVaxda
My H,
Vo _ | L d
v, V25 or V, =PSBy
pW dW “’a
V. =—=x10=2m/s (where suffixes w and a stand for water and
air respectively)
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Substituting the values given, we get

_12 4 10~ 8
W = X——x—————=x1 =—m/s
10 0.1 1.8x10 3
To calculate the drag force on prototype, we
equate the drag coefficient of model to that

of prototype.

1.e, S| = 5
PAV” ), \pAV" )

2
A V
Hence, (FD )p = (FD )m X & X & [ a J

pW W VW
1.2 (4 jz ( 1 jz
=AX—= x| — | x| —
10 0.1 8/3
=1.08N
10. Ans: 47.9
Sol: Given data,
Sea water Fresh water

(Prototype testing) | (model testing)
V0.5 ?

p | 1025 kg/m’ 10° kg/m’
n|1.07x10°Pas | 1x10° Pas

For dynamic similarity, Re should be same

in both testing.
ie., P Vindin _ P, Vod,
Mo [
d
V. =V, x—+ Pp oy B
Pin dm My
-3
=0.5x 1923 10010
10° 1.07 x10
=479 m/s
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