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Fluid Mechanics

Solutions for Volume - I _ Classroom Practice Questions

4 Common data Q. 04 & 05
Chapter- 1
Properties of Fluids 04. Ans: ()
Sol: D;=100mm , D,=106 mm
: D,-D
01 Ans: (c) Radialclearance, h = —2——L
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 n=0.2 pa.s
sol: 1=tV 202X y60 Ny N =240 rpm
h 3x107°
2nN  2mnx 240
03. Ans:1 o= 50 = 0
Sol:
o =8n

WSin30 por 0.2x8Tx50x107>

‘[ =
h 3x1073
= 83.77N/m’
w
05. Ans: (b)
F=1xA 2 3
AV Sol: Power,P = m—qu
Wssin30 = 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.

Sol:

07.

Sol:

08.

Sol:

.. . ACE

Ideal fluid — Shear stress is zero.
Newtonian fluid — Shear stress varies
linearly with the rate of strain.
Non-Newtonian fluid — Shear stress does

not vary linearly with the rate of strain.

" Engineering Publications 12 CIVIL - Postal Coaching Solutions
Ans: (¢) ° Bingham plastic — Fluid behaves like a
1 solid until a minimum yield stress beyond
30+ which it exhibits a linear relationship
8l between shear stress and the rate of strain.
Slope = constant
61 09. Ans: (b)
| Sol: V=0.01 m’
—t > B=0.75x 10" m*N
0 du/d
b3 s oo dP = 2x10” N/m’
.. Newtonian fluid
= l h ;9 = i x10°
B 0.75x10" 3
Ans: (a) _dp
- ;1_u dv/V
y —2x107x107% x3 o
u =3 sin(5my) dVv = 10’ =-1.5x10
du_ 3cos(5my)x 5m= 15mcos(5ny)
dy Y Y 10. Ans: 320 Pa
8¢ 8x0.04 32x107°
T| = ud_u Sol: AP=— = — = -
y=0.05 dy D 1x10 10
y=0.05 )
AP =320 N/m
=0.5x15mcos(5mx0.05)
= O.SXISTEXCOS(EJ =0.5><157t><L 11 Ans: (d)
4 V2 Sol:
=7.5x3.14x0.707 ~ 16.6N/m’ e As the temperature is increased, the
viscosity of a liquid decreases due to the
Ans: (d) 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, o 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 H
A I F
Ly "
Assumptions:

o Thin plate has negligible thickness.

e  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) W

[ —V
y[ |2%]

From Newton’s law of viscosity,

T= pdu Let A be area of plate

dy
F; =1, x Area of plate

F =p, x x A
1= b3
F, =u, xXx A
y
(1) Shear force on two sides of the plate are equal:
F] :Fz
wxVA VA
h—y y
B _bh-y
ty y
E_ﬂﬂ
y K
E _ +HU,
y K
_ H,h
[l

(i) The position of plate so that pull required to
drag the plate is minimum.
h-y y
[V, A, ; & pp, h are constant]

2
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For minimum force, j—F =0

y Assumptions:
VA —y) 2 (=1) - tVAY 2= 0 e  The gap between' two cyhnd'ers is narro?v
WVA W VA and hence velocity profile in the gap is
= d li .
v (h B y)z assume m'ear |
) e  No change in properties
(h-y) _m
y' oon
: Torque = Tangential force x radius
h-y _ M Force = shear stressxArea

y Ly _ uxVA
h U, i . h
— =1+ _|— where y is the distance of the : )
y T Where h is the clearance (radial)
thin flat plate from the bottom flat surface. v 15-14.75

h 2
y= " =0.125cm = 1.25x10°m
LS
I+ m Area = DL
2

= 1x0.15%2.5%107

02. Ans: 0.372 Pa.s — 11.781x10 m?

Sol: Torque = 1.2 N-m

U x or x A
Speed, N =600 rpm K = i
Diameter, D;=15cm, D,=14.75cm .- 2N 2mx600 S0 rad
H=2.5cm 60 60
® Torque = Foxr
_ LorA r
h
2
_ = Hor x A
ry h
5
% 12— wx20mx(0.07375)> x11.781x107
4 ' 1.25x107°
Z - 1= 0.3726 Pa.s
14.75cm
[ »l
! 15 cm K
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Fluid Mechanics

Chapter- 2
Pressure Measurement & Fluid Statics

01. Ans: (a)
Sol: 1 millibar = 10°x10° = 100 N/m’
One mm of Hg = 13.6x10°x9.81x1x107
=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)
T360 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:
e 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 ho = Sphim
0.85xhy = 13.6x0.1
ho=1.6m
h, =0.6+1.6

= h,=22mofoil
(OI') Pp — Yoil X 0.6 - YHg X 0.1= Patm
P -P
P um =(YH°=’ ><O.1+O.6J
i Yol

=136 0.140.6=22mofoil
0.85

Gauge pressure of P in terms of m of oil

=2.2m of oil
06. Ans: (b)
S SWhW
Sol: h,,——*h_, =h, - = —h,
S So
9 18
hy -hy=———
MoTN 083 0.83

hy —hy =-13.843cmof oil
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07. Ans:2.125 Fy =xxmn
Sol: 52
— 1 Fy=pgV=1000x10x ">
hP :h+—_
Ah
A Fv=10n kN
=2+ “D2X4 - x=10
64xD” x2x7
2> x4
=2+ - =2125m 11. Ans: (d)
2
08. Ans: 10 F., :yXEXDXI :_YD
Sol: F =pghA 2 2
DD yD?
:9810x1.625><%(1.22—0.82) Bosi 5l =
2
F = 10kN —yD? 1 1) _3yD
2 8 8
09. Ans:1
Sol: 12. Ans: 2

2x
2x

X
Fhottom = Pg X 2X X 2X X X

Fv =pgx x 2x x 2x

Sol: Let P be the absolute pressure of fluid {3 at
mid-height level of the tank. Starting from
the open limb of the manometer (where

pressure = Pyy,) we write :
Pum+yx12=-2y%x0.2-0.5yx (0.6+%)=P

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

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

0.25
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13. Ans: (b)
Sol: The depth of centre of pressure from the

free liquid surface is given by

— 1
hep = h + 22 (1
P AL (1)
1. Ixx c
Or, h, —h=—=
Ah

From the above relationship, as h increases,

XX,C

" decreases. Thus, at great depth, the

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

Fy = vw % 6.727 x Area (projected)

2
=1vw X 6.727 x mx3

= Yw x 6.727 x 4.5
=932.94 kN

0.10976 R*

2

hep = 6.727 +

R 6727

0.10976 x3* 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=93294 x1.1795
= Fa=366.8 kN

=6.727 +

02.
Sol:
R
FH
V, Fe
h= (1 S5+ Ej
2
FH = ngAprOjected
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= pg(1.5+EJ(Rx3) D
2 Chapter- 3
= y(1.5+1.5)3x3) Buoyancy and Metacentric Height
=27yN
1 3 01. Ans: (d)
12 (3 x3 ) Sol:
hyp=3+-"——
(3x3)3) T
=3.25 m from free liquid surface - T
=3.25-1.5=1.75 m from A d | /
By — o TR \3) = 4 TXOX3 277 — dm ——
BTy Ty 4
Fg will act through the centroid of the Fp = weight of body
quadrant which is at a distance o from 640x4x2x1.25 = 1025x(4x1.25xd)
the vertical line AB. Now, taking moment d = 1.248m
of the forces about the hinge A, we write Vig = 1.248x4x1.25
Vg = 6.24 m’
FS><3+FB><4—R—FH><1.75:O &
3n
where F; is the force in x-direction on the Q28 5:HC)
Sol: Surface area of cube = 6 a’

stop at B & Vs is in y-direction (does not
contribute in the moment).

27y AR 1 0427%1.75 — 9x3)
T

3F, = 27x1.75y—

=10*x 27 x 0.75=202.5 kN.m

= F =¥=67.5kN

N

Surface area of sphere = 4 mr’

Anr’ = 6a’

2_75_(3]2
3 r
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4w 6
3 2n |27 4 T
— X [—T
3 3
03. Ans:4.76
Sol: FB = FB,Hg + FB,W
WB = FB
X water
(10—x) Hg

Pp8V6= PHgEVHe TPwE Vw

PbVb = PHe VHg T Pw Vw

Sx Vi = StigVi1g TSy Vv

7.6x10° = 13.6x10%(10-x)+10°xx

—6000 = -1260x
x=4.76 cm
04. Ans:11
Sol: v
- P FB
o]
T

Fp=W+T
W= FB—T

=pigVa—T

=10’ ><9.81><§Tc(0.8)3 —(10x10°)

=21-10

0s.

Sol:

06.

Sol:

W=11kN

Ans: 1.375
Waater =35 N
Woii=7N
S=0.85
W — Weight in air
Fgi=W-5
Fpo=W -7
W-5=pgVg.....(1)
W —7=pgVg.....(2)
Vig=Vp
W-5=p,gV,
W-7=p,gV,
2=(p, —p, )2V,
2
(1000 -850)9.81
Vi =1.3591x10" m’
W =5+ (9810x1.3591x107)
W=1833N
W=ppogVy
18.33
9.81x1.3591x10°°
py = 1375.05 kg/m’
S, =1.375

b

=Py

Ans: (d)

For a floating body to be stable, metacentre
should be above its center of gravity.
Mathematically GM > 0.
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y = thickness of oil layer
_ 23.5-1.5 1 lmm
07. Ans: (b)
Sol: W =Fp Shear stress on one side of the plate
PogVo = PigVid . hdU
PbVo = PtV dy
- - F; = total shear force (considering both sides
2 2
0.6x—d " x2d=1x—d" xx
4 4 of the plate)
x=1.2d :2A><r:2AMV
GM =BM - BG y
4 2x1.5%x1.5x2.5x0.1
BM =L = g _ 4 00524 = R
64xd¥x12d4 192
4 =102.2727 N

BG=d-0.6d=0.4d
Thus, GM = 0.052d — 0.4d =-0.348 d
GM <0

= Hence, the cylinder is in unstable condition.

08. Ans: 122.475
Sol: T V=0.1m/s

W

The thickness of the oil layer is same on

either side of plate

Weight of plate, W = 50 N

Upward force on submerged plate,

F, = pgV =900 x 9.81 x 1.5 x1.5x 10~
=29.7978 N

Total force required to lift the plate
=F,+ W-Fy
=102.2727 + 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.

° However, with increase in elevation, the

atmospheric pressure and temperature both
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decrease resulting into a decrease in air

density. Thus, statement (II) is correct.

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




01.

=

Or,

AR

v Publications :12: CIVIL - Postal Coaching Solutions
The centre of buoyancy B will be at a
(Conventional Practice Solutions ) distance % from O as shown in the figure.
h
Ans: (i) 0.33, (i) 0.5 m Or, OB = 5 =0.33L
Sol: Given data : L
Inner diameter of hollow cylinder, and  OG = 5 0.5L
di =300 mm I
Outer diameter of hollow cylinder, Now, BM = v
d, =600 mm zi(d“—d“)x 4
S.G. of wooden hollow cylinder = 0.56 64" ° 7 nx (dﬁ _ df)x h
S.G. of 0il = 0.85
orol (@+d?) _ (0.62+03?)
. d, 16h 16 x 0.66L
_ : - _ 0.0426
1 M L
Z .:
iG L Thus, GM = BM - (OG - OB)
P _ 00426 _(o5L—0.33L)
io v
fe " 04126 _ 0.17L
d;
For stable equilibrium condition, GM > 0.
Let 'h" be the depth of immersion of the Putting GM = 0 for the maximum height of
cylinder in oil and L be the height of the the cylinder, we get
cylinder. 0.0426 B L2
Weight of hollow cylinder = Buoyant force 017
acting on the hollow cylinder = L=05m
ycyl X%(dg _diz)XL:Yoil X%(d(z) —diz)Xh Thus, h=0.66 x0.5=0.33m
hetel o = @L —-0661L 02. Ans: Unstable
Yoi 0.85

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

condition.

Sol: Given data:

d=1.0m,
Psea water — 1026 kg/m

L=15m,

Mpuoy = 80 kg m =10 kg
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*G L
h oB

: 01. Ans: (b
LO v e ( )

. i . Sol:

) d ) o Constant flow rate signifies that the flow is

(80 + 10)xg = %xlthx1026xg

where h is the depth of immersion of the
buoy.

4% 90

nx1026

OB = % =0.05585m

Thus, h= =0.1117 m

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

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

Thus, GM = BM — (OG — OB)
=0.5595 — (0.833 — 0.05585)
—_0.21765m

Oor, GM<0

Thus, the buoy floats in unstable condition.

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
Sol:  ajpca= —
Local P

Al
[l

0.5 \
ocal Jat x = 0. =0. =211-
(ALocal)atx=0.5, .= 0.8 ( ZXO.SJ

=2(1 - 0.3125)* =0.945 m/sec’

03. Ans:-13.68

T P
-2 P22

Att=3sec;x=05m; L=0.8m
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2 2
aCOHVBCthC 2 2[ } ar = V_:Q:2 = 1 m/sz
2><08 2><08 2x0.8 R 9 9
Aconvective — — 14.62 m/sec A= Va—V:3><l =1 l’l’l/S2
Atotal = QAlocal + Aconvective — 0.94 —14.62 Gx 3
=_13.68 m/sec’ a= )V +() =0 +1f =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
v, . :(2.5+3j(3—2.5j:2.75xs
ox oy 2 0.1
A con) = 13.75 m/s’
o =06y—4x B ?
ox
(6y—4x)+8—V:O 07. Ans: 0.3
oy Sol: Q=Au
ou o(Q
—_— = 4X_6 :0 aoca=_ = —| —
( Y) Local o o (Aj
ov = (4x—06y) dy . 10Q
local —
V= I4xdy—J‘6ydy A ot
1 oQ
= _ 2_|_ a oca = —= | =
xy 3y2 ¢ =) (0.4—0.1){) at
=4xy — 3y" + f(x
T " (arocal) L><012 (- 6Q =0.12)
Local)Jatx =0 — 0.4 ot .
05. Ans: 2 =1.414 ~ 03 m/sec?
Sol: a—Vzl(m/sec/m)
ox 08. Ans: (b)
Sol: vy = x> —y2
ATotal — (ax)i +(ay)j
u= — oy _i( 2 —y2)=2y
dy 0Oy
oy _0 (2
= —=—Ix"- =2x
)4 8X( Y )
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NN L o _1fdv_du
0x Oy © 20dx dy
= (2y)(0) + (2x)(2) 1 (4y—0)
o, =—(4y—
CSoay = 4x ) y
ov ov 1
ay = u& + Vg (0, )at(m) = EX 4(2) = 4 rad/sec
= 2y)x(2) + (2x)x(0)
a, =4y 11. Ans: 0
i g= (4x)i I (4y)j Sol: Given, u = 3x,
v =_Cy,
=2
09. Ans: (b) v o
Sol: Given, The stream function for a potential The shear stress, 4y is given by
flow field is y=x"—y’ T, =U @.,.@ = i(3x)+i(Cy)
0=2 Y oy Ox oy ox
_ =u(0+0)=0
o0 __ov
10)'¢ oy
oy alx2 £y 12. Ans: (d)
= _5 - oy Sol:
u=2y o The total acceleration is given as
DV oV (o _\-
_ DV_N (v
u= — & = 2y Dt ot ( )V
J«&b B —J.Zyﬁx where the first term on the R.H.S is the
local acceleration and the second term is the
¢=-2xy+ec convective acceleration.
Given, ¢ is zero at (0,0) e Ifthe flow is steady, then local acceleration
s =0 will be zero, not the convective
S =-2xy acceleration.
. The convective acceleration arises due to
10. Ans: 4 the fact that a fluid element experiences

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

u=3x, v =4xy

different velocities at different locations.
Thus,

statement (II) is correct.

statement (I) is wrong whereas
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(Conventional Practice Solutions )

Ans: (ii) y = £x (ii) (0, 0)
Given: u = c(x*—y?) and v = —2cxy

The equation of a streamline is given by

& _dy

u v

dy v 2Cxy 2xy
Or, = =— = """

dx u C(X —y) X -y

For flow to be parallel to y-axis, u=0
dy v

Or,
dx

X’ —y° =’
This is possible when x =ty

The fluid is stationary when u & v both are
Zero.

From the velocity components given, it is
possible when (x, y) = (0, 0)

From the equation of streamline

dy _ —2xy
dx x*-y’
2.2
o, &__x-¥ (1)
dy 2Xy
Let x = fy or dx = fdy + ydf
Or, d—X:f+yd—f -------- (2)
dy dy
Equating (1) with (2),
2.2 2 2 2
f+y£— f'y -y f°-1_1-f
dy 2fyxy 2f 2f
_f2 _ 2
or, y£=1 . 1-3f
dy 2f 2f

Or, 2 ~df _ Yy
1-3f
?f df = 9y
3f -1 y
Integrating

1n(3f2 —l)+3lny=lnC

Or, 3f—1)xy’'=C
Or (3X—2 - lj =C
) 7 y =
Or, 3xy—-y =C
Or, x’y—y’/3 = constant, proved
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&)

Chapter- 5

Energy Equation and its Applications

01.
Sol:

02.
Sol:

Ans: (¢)
Applying Bernoulli’s equation for ideal
fluid

P 2 2
b Zl_|_V_1__2_|_Z _|_\/_2
pg 2g pg 2g
P 2P 2
k@ Pk O
pg 28 pg 2g
b _P_4 1
pg pg 28 2g
P.-P_3 L5
pg  2g g
Ans: (¢)
@ Sl® A
2m
@ S2mw
2
P
V—1—1.27m, L =25m
2g pg
V2 P
—2=0.203m , —2=5.407m
2g pg
Z1=2m , Z>=0m
Total head at (1) — (1)
2
:\/_14_&4_21
g pg

=127+25+2=57Tm

03.

Sol:

Total head at (2) — (2)

V) P
=2 +-24+7,
g P

=0.203 +5.407+0=5.61 m
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

A= %df :%(o.l)2 =7.85%107 mm’

A, =%d§ = %(0.05)2 =1.96x10" mm’

i+V—12+Z1 =&+V—ZZ+Z2 +h,

pg 22 pg 22

7, =7, it is in horizontal position
Since, at outlet, pressure is atmospheric
P,=0

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

Q 0.1

| =——=————"—=12.73m/sec
A, 7.85x10
) —&=L_3=51.02m/sec
A, 196x10
P 2 2
1gauge +(1273) :0+(5102)
Par X8 2x10 2x10
P =121.53
pair'g
P, =121.53xp, xg
=1.51 kPa
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04. Ans: 395 AP =4 kPa,
Sol: Q=100 litre/sec = 0.1 m*/sec b AP AP
V=100 m/sec; P =3 x 10° N/m* W p.g
V> =50 m/sec; P,=1x 10° N/m’ AP 4%10°
Power (P) =? T sp,g  0.85x1000x9.81
B 117’ i
ernoutli's equation 0 0.07x0.011 \/ 2x9.81x4x10°
2 2 Th =
AN, B Y J0.07) —(0.011) V0.85x10009.81
pg 28 pg 28 X
5 5 5 5 =0.035 m’/sec = 35.15 ltr/sec
3x10 100 1x10 50
+ +0= + +0+hp
1000x10 2x10 1000x10  2x10
06. Ans: 65
= hL =395m
Sol: hg,e =0.30 m
P=pgQhe heae = 0.24 m
P=1000 x 10 x 0.10 x 395
V = ¢,/2gh
P =395 kW S
V = 1'\[ 2g[hstag B hstat ]
05. Ans: 35

Sol:

fluid, S =0.85

© Pressure difference
Between A & B =4 kPa

d; =300 mm, d, =120 mm

- Ad b
T

= —A1A2 2g[£j
VAT —A; w
Ar=2d> =%(0.30) =0.07m’
47 4

T T 2
A, =—d*==(0.12) =0.011m?
=24l =2(012)

= /2(9.81)(0.30-0.24) = 1.085 m/s
=1.085 x 60 = 65.1 m/min

07. Ans: 81.5
Sol: x =30 mm, g=10 m/s’

Pair = 1.23 kg/m®;  ppe = 13600 kg/m’
C=1

V =.[2gh,

S
h, =x| =2-1
=%
13600 ]

h, =30x107°| ——~1
1.23

hp =331.67m

V=1x4/2%x10x331.67 =81.5 m/sec
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08. Ans: 140
Sol: Q,=C, _AA 2gh (Conventional Practice Solutions
VAT —A;
1 01. Ans: 5.4 cm, 540 Pa

Cy E Sol: Air enters into the wind tunnel at P, and

Co 095 h V = 0. It attains a velocity V in the test

Co = 0.65 = h, section and the pressure there is P.

N 140 Applying Bernoulli's equation for points (1)

venturi i and (2) as shown in the figure.

Wind funnel

09. Ans: (d)
Sol:

. For an orifice meter, the fluid re-establishes
its flow pattern downstream of the orifice
the

downstream of the orifice plate is not the

plate. However, fluid pressure
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
LA IS
Yy 2g Yy 2g

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

Thus, statement (II) is correct.

2 2
PV, RV,
Yair 2g Yair 2g
But Pl = Patma Vl ~ 0 and Zl = 22
_ 2
Thus, —2= P, = v
Yair 2g
2
(108 < fgj
= =45 (1
2x10 (D
From manometer,
P2 + YWateth = Patm
or, Pom — P2 = Ywater X h W (2)

Hence, equation (1) becomes,

Yoaa® _ 45 (from (2))
Yair
h 45x v, _ 45X31'2Xg =0.054 m
YWatCr 10 X g

= h=54cm
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Applying Bernoulli's equation for points (2)
and (3) 03. Ans: 19.6
P, N \'A _ P N \'A Sol: V =100 m/sec (Jet velocity)
Vi 28  Var 28 U =50 m/sec (Plate velocity)
But point (3) is stagnation point where d=01m
P3:Pstag&v3:0 szA(\/—[J)2
P -P V2
Thus, —%—2 = "2 =45 m )
- 2 leOOOxZXO.lzx(IOO—SO)
Or, Psmg—P2 =45x%x 1.2 x 10=540 Pa F=19.6 kKN
[0
Chapter- 6 04. Ans: (a)
Momentum equation and its Applications
Sol: v
01. Ans: 1600
I: S=0.80
Sol: S i Ve
A=0.02m
V =10 m/sec Fx=paV( Vix— Vi)
F=p.AV’ = paV(V - (-V))
F=0.80 x 1000 x 0.02 x 10 =2 paV*
F=1600N =2x 1000 x 10* x 5°=5N
02. Ans: 6000 05. Ans: (d)
Sol: A=0.015m’ Sol: Given, V=20 m/s,
V =15 m/sec (Jet velocity) u=>5m/s
U =5 m/sec (Plate velocity) Fi = pA(V — u)*

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

Power (P;) = F; xu=pA(V — u)2 XU
F,=p.AV xV;
=p.A(V).(V-u)
Power (Py) = F, xu = pAV(V-u)u
i_ pA(V - u)2 XU
P, pAV(V-u)xu
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— V-u =1= u (e),
\% \% N A
5
=1-—=0.75 y R
20 T “(Pe)e =0
X .
_>F _______________ 302
06. Ans: 2035 |
SOl: GlVen’ e = 3007 m = 14 kg/s (i) - F(X)on ‘water
(P;)g = 200 kPa, (P)g =0
_ 4 2 _ 4 2
A;=113x10" m", A.=7x10"m 07. Ans: (a)
p=10"kg/ m’, g=10 m/s’ Sol: In a convergent nozzle, as the area

From the continuity equation :

pAi Vi= 14
or = 14 —=1.24m/s
10°x113x10
Similarly, V, =%=20m/s
10" x7x10

Let Fx be the force exerted by elbow on
water in the +ve x-direction. Applying the
linear momentum equation to the C.V.

enclosing the elbow, we write :

(P),A, +F, = (V,cos30° ~ V)

i i

F, =m(V, cos30° - V,)- (P),A

= 14 (20xc0s30° — 1.24) — 200x10°x113x10"*

=225.13 -2260

=-2034.87 N =—-2035N
The x-component of water force on elbow is
—Fx third
ie,=2035N

(as per Newton’s law),

01.

Sol:

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) is correct and statement (II) is the correct

explanation of statement ().

2
W

(Conventional Practice Solutions

Ans: Right: a, b, c; 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.
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(2)

(b)

(d)

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

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

Fx is acting in +ve x direction.

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

Fy= 1, (V, - V)

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

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

Fy=m (V,-0) = mV,

Fx is acting in +ve x direction.

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

Fy=m,(V,-V,)

Since V. >V;

Fx is acting in —ve x direction. Therefore,

the device (d) will move to the left.

02.

Sol: Given data:

A;=0.009 m
Vj =30.5m/s
V=3 m/s

As+A;=0.07m’ = Ar
As=(0.07 — 0.009) = 0.061 m*
AV + AV = (As + Ay Ve
(From continuity equation)

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

=pA1 X V[Vl - pA V] —pA V/

(P1 —P2)Ar = pA; V. —pA V] ~ ijVj2

or,

= p[0.07x6.536> =0.061x9 - 0.009x 30.5%
=-10°(5.931)N

P2 — P1 = ﬂ = 84.73 kPa
0.07
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Q 04. Ans:1.92
Chapter- 7 Sol: p=1000 kg/m’
Laminar Flow Q = 800 mm*/sec = 800 x (10°)’ m*/sec
L=2m
Ans: (d) D=0.5 mm
In a pipe, the flow changes from laminar AP =2 MPa =2 x 10°Pa
flow to transition flow at Re = 2000. Let V =72
be the average velocity of flow. Then AP = 128.uQL
2 nD*
2000=w:>V=1m/s 3
0.4x10 S 106 - 128x1x800x(107) x2
In laminar flow through a pipe, n(O.S x107° )4
Vimax =2 x V=2m/s p=1.917 milli Pa — sec
Ans: (d) 05. Ans: 0.75
2
The equation t= (— a—P] 1] is valid for Sol: U,=Upu | 1- a
Ox N\ 2 R
laminar as well as turbulent flow through a - 5
. U r
circular tube. —=1-|=
Umax R
Ans: (d) 4 50 Y
Q=A.Vaye 200
“AYme (v, =2V 1y _ 3
Q= T ( max — ave) = (1——j=ZZO7Sm/S
0= z(ﬂf LS
411000/ 2 06. Ans: 0.08
-y (0.04)° x0.75 Sol: Given,
4 0 = 0.8 x 1000 = 800 kg/m’
=Ty 4 X 4 ><3 __3n m’/sec u=1Poise = 10" N-s/m
4 100 100 4 10000
d=50 mm=0.05m
Velocity =2 m/s
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Reynold’s Number, Re = pVD 08. Ans: 5.2
[ Sol: Oil viscosity, u = 10 poise = 10x0.1
_ _ 2
=800X2_>1<0'05=800 =1 N-s/m
10 y=50x10"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
4 =
_O O _oos Q="?
Re 800 Q= A.Vaye = (width of platexy)V
12uVL
Ans: 16 AR= B>
For fully developed laminar flow, ., N 12x1xVx1.20
32uVL © T T Gox0f
h, = — (. Q=AV) %\
pgD _
V =0.52 m/sec
32u(Q)L Q = AVire = (0.2x50x10°%) (0.52)
h, = A _ 32nQL — 5.2 lit/sec
pgD AD" xpg
h, = 320QL 09. Ans: (a)
T
ZDZ xD? xpg Sol: Wall shear stress for flow in a pipe is given
1 by,
by &P R AP D
SR 2L
hy, D? =h, D; :
: _APD
b el
Given, D,=—1 4L
2
D 4
b xD! =h., x [_1j 10. Ans: 72
2 Sol: Given, p =800 kg/m’,
h, =16h, p=0.1Pas
Head loss, increase by 16 times if diameter Flow is through an inclined pipe.
halved. d=1x10"2 m,
Vay=0.1 m/s,
0=30°
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Re = PVad _ 800><O.3>;1><10‘2 g
H ' ( Conventional Practice Solutions )
= flow is laminar.
Applying energy equation for the two
sections of the inclined pipe separated by 10 01.
m along the pipe, Sol: The velocity profile for fully developed
P VZ 7 - P, V_22 sun laminar flow between two stationary
y 2g y 2g 2t parallel plates is given by
ButV,=V,, u:%(;xﬁ)(By_yz)
(Zo—2Z1)=105in30° =5 m b
and h; = 32“V2L (1) % ) ( ;PJ(B 2}’)
ped s
(P1 B Pz) 32uV. L At the upper surface
= (ZZ - Zl) e ou OP
Y PE e ( ~ j(B 2xB)
32 V L y=B M
(P —P,)=pg(Z,-Z,) Zzav
- _L(—_al’j
:800X10X5+32x0.1x0.1x10 2u\ ox
(l X 10_2)Z 2u op
. B
— 40 x 10° +32x10° = 72 kPa L (6){)
Ans: (d) - %lx 1000x5x107 =-2.5 Pa
Thus, the magnitude of the shear stress on
In hydrodynamic entrance region of the pipe the upper plate is 2.5 Pa and its direction is
of uniform diameter, the average velocity opposite to the direction of flow.
remains constant in the direction of flow. (i) Discharge per unit length
Thus, statement - [ is wrong. B
However, in the above region the centreline I Y)(dYXI
velocity increases in the direction of flow as ’ 5
boundary layers grow on the solid surfaces. = L(_ oP jj (By —y )dy
Thus, statement (II) is correct. 20\ ox Jy
_ 2 378
_ L( 6PJ{BY__Y_}
2u\ ox 2 3
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Toulx |2 3 Chapter- 8

Flow Through Pipes
12n\ ox
01. Ans: (d)
-3
q= KSX%X x1000 Sol:
s 3 e  The Darcy-Weisbash equation for head loss
=20.83x10" m’/s . .
1n written as:
2

02. h, = f;:%\;

Sol: This is a problem of Couette flow with ‘ ‘ S
pressure gradient. In this case the velocity Wiete Vgilieiaverage velocity, 15 friction
profile is given by factor, L is the length of pipe and d is the

v ! op diameter of the pipe.
u= EY + 2—(— &j( S YZ) o This equation is used for laminar as well as
01 { turbulent flow through the pipe.
0 ;)lij 250 1(1200)(0'013’_3’2) e  The friction factor depends on the type of
= 10y + 6000(0.01y = y?) flow (laminar or turbulent) as well as the
= 10y + 60y — 6000y> nature of pipe surface (smooth or rough)
= 70y — 6000y e For laminar flow, friction factor is a
For maximum velocity function of Reynolds number.
ou
oy~ V=70~ 12000y 02. Ans: 481
Sol: Given data,
Or, y :M mm= 5.833 mm S _ -2
12000 m = kg/s, d=5x10"m,
and n=0.001 Pas, p = 1000 kg/m’
Vimax = 70x5.833x10 — 6000x(5.833x10 %) _m _ 4m _4xm_ 4
= 0.204 m/s " pA pnd® prnd®  pd’

pV,d 4
= = p)( 2
H pd

_ 4
0.001x5x1072

= Flow is turbulent

Re

d 4
X—=—
poud

=8x10*
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_ 0316 _ 0.316 — 0.0188

- Reo,zs (8 « 104 )0.25

2 2
AP:pg%:prx(in X 1
pd

f

2gd 2d
AP 16 1 8f 8x0.0188
—=fx—x—-=—%=
L pd 2 pd® 10°x(5x102f
=481.28 Pa/m
03. Ans: (a)
Sol: In pipes Net work, series arrangement
_ fv: o fIQ?
T 2gd 12.0xd°

h, _f,4,Q. 121xd;
h, 121xd;  f30,.Q;
Given [y =1Ig, fa=1s, Qa=Qg

by (dp) ((dy )
h, \d,) \12d,

5
(L =0.4018 = 0.402
1.2

04. Ans: (a)

Sol: Given, d; =10 cm; d; =20 cm
fi=1;
L=hL=1
le=0L+1L= 2]
e 4 L A 1 ]
& F@ &L 100 20
Sode=114cm

05. Ans: (¢)

Sol:

_>V1

2
.7

d

—>V2

Given d, = 2d,

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

5 2
Vil
2g \%

By continuity equation,
Q=AVi=AV;

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

%) 2
e 20
2g 4

hL:

06. Ans: (b)

Sol: Pipes are in parallel
Q:=Qa+ Qs
hie=h, =h
L.=175m
f. =0.015

feLeQz — fALA(212% — fBLB(QIZB
12.1D°  12.1D5  12.1D}
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0.020x150xQ} — 0.015x200x Q;
12.1x(0.1)° 12.1x(0.08)’

Qa=1747Qg  ------- (ii)
From (i) Q.=1.747 Qg+ Qs
Q.=2747Qp  ------ (iii)

0.015x175(2.747Q, )" _ 0.015x200x Q},
12.1xD? 12.1x(0.08)°

D.=116.6 mm =~ 117 mm

07. Ans: 0.141
Sol:

Given data,
L=930m, kyne=35.5
Kenry =0.5, d=03m
£=0.03, g =10 m/s’

Applying energy equation for points (1) and

(2), we write :

i+V—‘2+Zl =&+V—22+Zz+hL "
Yo 28 Yo 28 o
+ hL,Valve + hL,exit +h
But Py =P, =Pym=0
Vi=0=V,
Z1-7Z,=20m, Keii=1

f,pipe

08.

Sol:

or

or

2 2 2 2
Z, -7, :0.5v—+5.5v—+1><v—+ fLv
2g 2g 2g  2gd
V? fLV? V? fL
=T7—+ =—I|7+—
2¢ 2gd 2g d

V2

2
or 20=|7420X930)_ 100 V"
2g 0.3 2g
or Vz:20><2g:20><2><10
100 100
= V=2m/s

Thus, discharge, Q = % x0.3* x2

=0.1414 m’/s

Ans: (¢)
Given data :
Fanning friction factor, f=m Re %?

For turbulent flow through a smooth pipe.

AP e prarcy LVZ — p(4f)LV2
2d 2d
ot 2pmRe ™ LV?
d

AP oc V**V?ac V'* (as all other parameters

remain constant)

We may thus write :

1.8 1.8
& = L = {gj =3.4822
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)

V=7 m/s
Re: Vav ><])h
A%

where, Dy, = Hydraulic diameter

_ 4 xCrosssectional area

Perimeter

_4x0.15x0.2

2(0.15+0.2)

Re— 7 x 0.17145
1.655x10°

= Flow is turbulent.

=0.1714m

=72495.5

Using Haaland equation to find friction

factor,
1.11
€L ~—1.8log Q‘l‘ ¢/D,
f Re 3.7

| 6.9 0.045x107 )"
——=-1.8log +
Jf 724955 | 0.1714x3.7
=—1.8 10g[9.518x107° + 2.48x10 ]
=—1.8log(11.998 x10°)

1

——=17.058

Jf
f

=0.02

The pressure drop in the duct is,

pfLV?
2D,

AP =

1.145%x0.02x10x 7°
2x0.1714

The required pumping power will be

Poumping= Q AP = A V,, x AP
=(0.15x0.2) x 7 x (32.73)
—6.87W~7TW

=32.73 Pa

10. Ans: 26.5
Sol:

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

Then

2 2 2
&+&+ZP =&+V—S+ZS+ fLQS
Yy 2g Yy 2g 12.1d

But Vp = Vs and Zp = Zs
Pp and Pg are the pressures at sections P and

S, respectively.

Thus,
LONES S O —)
y vy 121d°

Case II: When a pipe (L/2) is connected in
parallel.
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In this case, let Q' be the total discharge. 11. Ans: 20%
Q' , Sol: Since, discharge decrease is associated with
Qur=— and Qrs=0Q . e
2 increase in friction.
Then, a _ 5,90 _ 2{_d_Q}
' 12 ' 2 2 f - -
LY +Z;:&+V_S+Z,S+f(L/4)(SQ Q Q
Y28 v 28 12.1d =2x10=20%
. f(L/2)(Q'/2) s f(L/4)Q"?
12.1d° 12.1d° 12. Ans: (c)
Pp’ and Pg' are the pressures at sections P Sol: As compared to sharp entrance, the rounded
and S in the second case. entrance will give less energy loss in flow
through a pipe. For sharp entrance, the flow
But Vo' =Vs' ; Zp' =74 gets separated and there will be
PP P fLQ?[1 1 1 recirculation zone till the fluid stream gets
So, +——S= HBY
y vy 121d°|[4 8 4 attached to the surface. Thus, the rounded
5 fLQ? entrance increases the flow rate when
=§>< 1 ) everything else remains constant. Hence,
) y . . statement (I) is correct. However, statement
Given that end conditions remain same. ) )
, , (IT) is wrong as discussed above.
. P, P P, P
ie, ———=2=—"F_--%
LA S
. 13. Ans: (d)
Hence, equation (2) becomes, )
Sol: The surge tanks are provided on upstream
fLQ> S5fLQ” . .
s== = from eq.(1) side of the valve in order to offset the effect
12.1d> 812.1d .
of water hammer mainly due to the pressure
! 2 . . .
or (gj _ 8 rise which may damage the pipe. Thus,
Q S statement (I) is wrong. However, statement

or g =1.265
Q

Hence, percentage increase in discharge is

=(1.265—1) x 100
=26.5 %

(IT) is correct.

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




AR

L7 " W

..  ACE
b J:'EngmeermgPubhmuons :31:

Fluid Mechanics
02.
( Conventional Practice Solutions ) Sol: ()
v A
H (2)
01. J 1P ;
. Dt
Sol: y 20m J T :T
WS Oims Applying energy equation between points
10m D=3m (1) and (2)
F 2 2
]?g E—'_\/_1—i_Zl=&+&+ZZ—i_(hf)pipe
— = Ve 28 Ve 28
. . ! ButP1=P2=Patm,leH,ZZZO,V1=O
Applying Energy equation for two points, Th
us,
just upstream and downstream of the fan in
. \'5 v?  fLV;
the pipe loop. H=>%+(h) = —2+—2
, , ) ! 2 e 2g  2¢D
B +V_1 +7, = P +£ +7Z, +M +4x Ketbon¥' For maximum power transmission, H = 3hy
o2 2 2¢D 2
Yalr g Yalr g g g O fLsz VZZ ) fLsz
X — A= —_—
where Vi=V,=V : Zi =2, & 90050 (2041 20D
£=0.01, D =3m, 2fLsz V2
= = r’ e = ———
V=40m/s, L=60m, 2D [ 2

2
BRI ]
Yair 2g D
_ 40°[0.01x60
2g
= 4_02
2g

+4x 0.3}

x1.4

2

AP = pyir X %XIA

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

Power added to air by fan, P = QAP

_ %x32x40x1,344 =380 kW

(1)

p

2
Or, {&] = 2L
A% D

From equation of continuity,

%Dz\/p - %szz
2
Or Yo D—2
v,od

p

Thus, substituting in equation (1), we get

DY) 2L
d? D
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04. Ans: (¢)
Sol: Given data:
Chapter- 9 D=30cm=03m
Elementary Turbulent Flow Re = 10°
£=0.025
01. Ans: (b) Thickness of laminar sub layer, &' = 7
Sol: The velocity distribution in laminar 5 = 11.6
sublayer of the turbulent boundary layer for A

flow through a pipe is linear and is given by
U _yVv*

Vo Y

where V* is the shear velocity.

02. Ans: (d)
Sol: AP=pgh;

_ pfLV? =pgfLQ2
2D 12.1D°

For Q = constant

Ame%

, AP, DY (D)1
AP, D (2D,) 32

03. Ans:2.4
Sol: Given: V=2m/s
£f=0.02
Vmax = ?
Vmax = V(l +1.43 \/?)

=2(1+1.430.02)

=2x12=24m/s

Where V' = shear velocity = V\/g

v = Kinematic viscosity

Re = V.D
A%
V.D
SV —
Re
ll.6x@
i Re
v f
8
5 = ll.6><;)
Re\/7
8
11.6x0.3

10° x [0.025
8

=6.22 x10° m =0.0622 mm

05. Ans: 25

Sol: Given:
L=100m
D=0.1m
hi=10m
=7
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For any type of flow, the shear stress at y(V *)2
_4& R or v=
wall/surface t = X — “
x 2 where, V* is the shear velocity.
_ pgh, R 0.5%107 x(0.05)
L 7 Thus, v= 125
_pgh, D =1x10° m%/s
L 4 2 12
=1x10" cm®/s
_ 1000x9.81x10 XE
100 4

08. Ans: 47.74 N/m*
Sol: Given data :
d=100mm=0.1 m

=24.525 N/m>= 25 Pa

06. Ans: 0.905 .
Sol: k=0.15mm ul’:f) = Umax = S
4.9 N/m> Velocity at r =30 mm = 1.5 m/s
T=4.9 N/m

Flow is turbulent.

v =1 centi-stoke
The velocity profile in turbulent flow is

VAR LT £=0.07m/sec Umas —U _ 575 R
Vp V1000 ve TRy

y

where u is the velocity at y and V* is the

v = 1 centi-stoke

= Lstoke - 10" =107°m? /sec shear velocity.
100 For pipe,y=R —r
k _0.15x107 — (50 — 30) mm =20 mm
5 [11.6*><vj Thus.
v
0.15%1073 %:5.751@6—3):2.288
= —M =0.905 Ny
0.07 or V*Zm:OQBSm/s
Using the relation,
07. Ans: (a)
Sol: The velocity profile in the laminar sublayer V*= \/E Or Ty =p (V*)2
is given as P
u oy Ty = 10° x (0.2185)> = 47.74 N/m”
VE v

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




P
014' 0
v
v

W

N

09.

Sol:

01.

Sol:

~
& \ ACE
N
M . . o

¥ Engineering Publications 134 CIVIL - Postal Coaching Solutions
Ans: (a) where V'is the shear velocity, we can find
V.
In turbulent flow, shear stress is given b _
s Y L5=135 1'35 = 5.7510g(—R ] = 5.75log(2)
(dﬁj (dﬁ] \% R/2
T=p — |[+n — .
dy dy = V =0.0867 m/s.
= Viscous stress + Reynolds stress Similarly using the logarithmic velocity
where p is dynamic viscosity and m is the profile in terms of u, V and V" (where V is
eddy viscosity which is not a fluid properly the average velocity) we can find V as:
but it is a flow property which depends u —*V _ 575 log( y j 4375
upon turbulence condition of the flow. \% R
From the above expression we say that the aty =R,
shear stress in turbulent flow is more than U= Uy
that predicted by Newton's law of viscosity.
1.5-V R _
Thus, statement - I is correct. 0.0867 =5.75log R +3.75=0+3.75
Statement (II) is also correct statement and
. . = V=15-0.0867x3.75=1.175 m/s
it is the correct explanation of statement (I).
. ’ n )
(Conventional Practice Solutions ) ()  Thus, discharge = 4 x0.2°xL.175
=0.0369 m’/s
Given data: (i) We know that V' = V\/;

r=0,

R
r:?,u=l.35m/saty= R -

u=15m/saty=R-0=R

N | R

R
2

D=02morR=0.1m

Centreline velocity 1.5 m/s = Upax

Using the logarithmic velocity profile as:

umL*—u = 5.7510g(5j
\ y

where, ' is the coefficient of friction.

N2
Thus, f’:2x(v—j
A

0.0867 )
=2x
1.175
=0.011
The friction factor, f= 4f" = 0.044
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The relationship between height of | 02. Ans: 1.6
roughness projections, K and friction factor Sol: § o 1 (At given distance ‘x")
is given by v Re
l:z.mog(gjﬂ.m 5 _ |Re
JE K 5, \Re,
Substituting the values, we get 5, 256 16 y
1 R s Vio0 10
=2.0logl — |+1.74 d 100 1
J0.044 g(Kj ’
R
log(ij =1.5136 03. Ans: 80
Sol: | ekl A
R
E—32.629 Wi =2 |5, = 3 em
3 A B
K = R 0.1x10 i A
32.629  32.629 » > >
X1 I m
=3.065 mm
f— +1) —
0]
Chapter- 10 8 ac A/x
Boundary Layer Theory
O _ | X
Op (x1 + 1)
Ans: (¢) e E_ X,
i 3 \x, +1
Re criieal = Uoo X critical 1
v 4 x
Assume water properties 5 n X, +1

6 X Xcritical
1x107°
Xeritical = 0.08333 m = 83.33 mm

5x10° =

04.

Sol:

5x1 =4 = x; =80 cm

Ans: 2
1

T —

—_—

ToC — '.'SOC\/;
Jx
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T %, 06. Ans: 22.6
T, - X, Sol: Drag force,
1
i ﬁ ) FD = ECD-p-AProj-Ui
Ty
B=1.5m, p=12kg/m’
Ans: 3 L=3.0m, v =0.15 stokes
Uy U, =2 m/sec
U, 8 Re=ebo 23y
\% 0.15x10
8*
— =Shape factor = ? 1.328 1.328 _
p Cp, = = ==2.09x10"
VRe  /4x10
§ = J'S [1 _l) dy Drag force,
0 uoo 1
Fp==x2.09%107 x1.2x(1.5x3)x 2
- J'S ~ Y ldy k
0 8 = 22.57 milli-Newton
) 3
=y-L 07. Ans: 1.62
20 ]
0 Sol: Given data,
_5 0.0 U, =30 ms,
22 p=12kg/m’
0 = 5_(1 _l) dy Velocity profile at a distance x from leading
» U, edge,
_rY[yy vy
“hg (1 jdy Uu. 5
2 38 0=1.5mm

Mass flow rate of air entering section ab,
(. ), =PU..(6x1)=pU, 58 kg/s

Mass flow rate of air leaving section cd,

3 S

(i), =pulay 1) =p[U. [ %oy

0 0
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_pU, y_zs_prS
s | 2 2

0

From the law of conservation of mass :
(rhin )ab = (rhout )cd + (rhout )bc
Hence’ (rhout )bc = (rhin )ab - (rhout )cd

pU_d
2

=pU, 86—

_pU.3
2
1.2x30x1.5%10
2
=27x10" kg/s
= 27x10°x60 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, % only.

The correct option is (b).
Ans: 28.5
Given data,
Flow is over a flat plate.
L=1m,
U, =6 m/s
v =10.15 stoke = 0.15x10"* m%/s
p=1.226 kg/m’
_ 3.46x

S(X)— \/ﬁ

Velocity profile is linear.

Using von-Karman momentum integral

equation for flat plate.
d
()
dx pU

o0

we can find out Ty, .

From linear velocity profile, UL=—, we

0

evaluate first 0, momentum thickness as

L g d_1 346x
6 6 Re,
346 x!’

Differentiating 6 w.r.t x, we get :

-1/2
?:3'46—" 1/2=0.2883—1
X 6x2(U_ U,_x
) :
do 02883 1 ~0.2883
dx| o5 \/ 6x0.5 4472
0.15x107*
----- (2)

From equation (1)
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10.

Sol:

11.

Sol:

results in higher skin friction drag in
turbulent boundary layer. Thus, statement
(I) 1s correct.

The separation of turbulent boundary is late
as compared to laminar boundary layer.
Thus, statement (II) is also correct but it is

not the correct explanation of statement (I).

X Publications :38: CIVIL - Postal Coaching Solutions
Wix=0.5m = ? X pUi
: x|
x=osm ( Conventional Practice Solutions )
_0.2883 1226 x 62
447.2
=0.02845 N/m* ~ 28.5 mN/m’ 01.
Sol: Given data:
Ans: () Test section dia =40 cm
Test section length = 60 cm
For laminar boundary layer over a flat plate, Velocity of air at inlet =2 m/s
the velocity gradient at the surface and & = 1.72x
decreases in the direction of flow. VRe,
This results in the decrease in shear stress ! n- ZX(_)5-6 _12%10°
and hence, the decrease in skin friction 10
coefficient in the direction of flow. S0, 8" at x = 0.6m = 1.72x 0-65
Thus, statement (I) is correct but the VI.2x10
statement (II) is wrong. =2.979x10° m
From equation of continuity
Ans: (b) AinVin = AcxitVexit
But dexic = 0.4 — 23"
The velocity gradients at the wall, and thus = (0.4 —2x2.979x10%) m
the wall shear stress, are much larger for 0.4 2
turbulent flow than they are for laminar Thus, Vewii = (0_4_ 2 x 2,979><10‘3j x2
flow, even though the turbulent boundary =2061 m/s
layer is thicker than the laminar one for the 02.
same value of free stream velocity. This Sol: Given data:

Flow over a flat plate

Fluid is water.

Us=1m/s
L=1m
Case I: Flow is turbulent
Atx=1m
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Re, = M = L_i =10°
VWater 10 )
5, 0376 _ 0376 - Clslall:ter- 1:1 Bog
. T I orce on Submerged Bodies
¥ Re)s  (10°F
8tur = m =0.0237m~ 24 mm 01. Ans:8
6
10 ﬁ Sol: Drag power = Drag Force x Velocity
W _ ¢ 20.059 P=FpxV
1 U2 f’x (R )l 2
— e )s
27 ' PoCox P2V sy
W:O'OS?><1><103><12=1.86N/rn2 P o V3
(106 )g 3
Case 2: If the flow is laminar P, |V,
For the comparison purpose, consider the P v\
same Reynolds number. P_::[Wj
J, 5
— = P, =8P
x  4/Re, 2 . 1 . :
Comparing the above relation with XP,
Slamzs—Xl:Smm We get, X=8
10°
and _0.664 xlpUz 02. Ans: 4.56 m
Re, 2 DAV’
0.664 1 Sol: FD=CD. >
= —— x§x103 x 1> = 0.332 N/m’
V10
T (D)2 x V2
W=08x12x42
(Note: A = Normal (or)
projected Area = %DZ)
2
784.8 = 0.8x1.2x F(D)” x10_
4 2
~ D=4.56m
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03. Ans: 4 13.4 5y
Sol: Given data: ) 1.2x [9,81]600 X 0.0125)(1 00 x 18)
[=0.5km =500 m B >
d=125cm =3952.4N
Vwind = 100 km/hr — 4 kN
Yair = 1.36x9.81 = 13.4 N/m’
v=14x10" m%/s 04. Ans: 0.144 & 0.126
Cp=1.2for R, > 10000 Sol: Given data:
Cp=1.3forR_< 10000 Wkite = 2.5 N
e A=1m
0 =45°
T=25N
Vwing = 54 km/hr
= 54><i =15m/s
18

Towers

Vwind F
100x5 ( 50 0)
VL 18

Re = = - .

A% 1 4 X 10 0°= 45° F

Note: The characteristic dimension for electric
power transmission tower wire is “L Toosn Yo

Re =992 x10° > 10,000 kie=2-5(N)

- Cp=12
2
Fp = Cpx pAV Resolving forces horizontally
Fp = Tcos45°
13.4
= (Lxd)v? ?
(9.81j( xd) Cox PAY. — 95« cosas®
=1.2x 2
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Cp=0.126
Resolving forces vertically
FL = WKite + TSiIl450
C,pAV’
2
C, 12.2 (1)1s)*
9.81 25
=25+ —
2 2

S.CL=0.144

=2.5 +25sin45°

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

Drag power = Drag force x Velocity

CL,pAV? y

P=FpxV = A%

pAV’

P:CDX

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

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

06.

Ans: (¢)

Sol: When a solid sphere falls under gravity at

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/cm’ = 2100 kg/m’

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

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

Fp=3nu Vd

Thus,

gx mr’ xpxg=3nuVd + %nrz'pmg
4 s
or, ETCT g(p - pair) = 3Tl:l"l'air V(zr)

or V zngg(p_pairJ
9 Mair

(2100-1.2)

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

=0.619 m/s = 0.62 m/s
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Ans: (b)

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;.

Ans: (a)

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

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;.

Thus, the correct answer is option (a).

10.

Sol:

01.

Sol:

Ans: (a)

Dimples on a golf ball are intentionally
provided to make its surface rough so that
flow becomes turbulent.

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).

C Conventional Practice Solutions )

The lift force on the given plate is
FL = (AP x A)cosa — (Z1y x A)sina

Fp = (APxA)sina + (ZtwxA)cosa
Substituting the values given:
Fp = [2.3 — (-1.2)](1)sin7° + (7.6x107 +
5.8x10%)x1xcos7°
=426.5 N+ 133 N=559.5 N~ 560 N
FL = [2.3 — (-1.2)]x1xcos7° — (7.6x107% +
5.8x10%)x1xsin7°
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=3474N-163 N 5
_ & (Y. )
=3457.7T N = 3458 N Q = y—
When the shear stress is neglected, then 1 1
5
Fp = (AP x A)cosa =426.5 N~ 427 N Q, (1.25y,)
and Fp = (AP x A)sino. = 3474 N Q, - \
9 Q45
Chapter- 12 !
Open channel Flow Q,=145Q,
It is increased by 45%
02. Ans: (b)
Sol: Q;=15m’/sec, y=1.5m R IO
1 | Sol:
S, =——,if S, =
1690 1000 2m 4m , 2m
=9 N h
Then Q, =7 : | Izm
Qx+/S ' :
4m
Q _ IS, Tave = YwRS
Q \5
R=2
1 P
Q, _ 1000 ]
= 1 A=2x| —x2x2|+4x%x2
Q, 2
1690 2
3 =2x2+4x2=12m
Q:=1.3x15=19.5m’/s
P=4+242>+2°
03. Ans: (d) =9.66 m
Sol: =AV
Q R = 12 1.24m
_ Bxyleznsl/z 9.66
n Tavg = 9810 x 1.24 x0.002
_BxyxLy2ig —24.33 N/m?
n
=R =~y — For wide rectangular
channel Q o y*?
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Ans: (d) 07. Ans: 0.37
Triangular: Sol: A=y (b+my)
A= g =4m?
4= (b + l]y ....... (1) ( m = lj
Triangle \/§ ﬁ
But b =1 (- Efficient trapezoidal section)
P =2 (Inclined portion)
b=yvJl+m®
P=2I=2hy1+m’ ( I=h\/1+m2) 2y
barrt . e (II)
—on1+1° V3
— oh2 From (I) & (1)
P y=1.519m
— =242 =2.83
h V2 p.tmy)y .,
b+2my
| | W - eV
Trapezoidal: Efficient trapezoidal section . - Cr \/g_D
is half of the Hexagon for which all sides
F =0.37
are equal r
08. Ans: (a)
60° Sol:  Alternate depths
Trapezoidal y1=0.4m
y2=1.6m
I=h1+m? Specific energy at section =?
2
2 q q
1 yi + =y, +
P=I=h (1)+(—j = h(1.15) 2gy? 28y}
3 1 2
\/_ 2 2
P . SRS A N —
3:1.15><3=3.46 (3 sides are equal) 2%9.81x0.42 2%981x1.6>
Rectangular: q2(3 11392 - 50122j =1.6-0.4
P=b+2h=2h+2h=4h( b=2y) ’ ’
P q°(0.298)=1.2
P g = 4.02

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




AR

Q.. . ACE

U7

4 | .::Engmeenng Publications 145 Fluid Mechanics
q=2m3 /s/m yi _ (Fm)z :&2 (Fm)z/3
E1 — YI + q2 yr31 (Frc )2 yIl (Frc )2/3
2gy! y o
22 = = (5.2) = 3
Ej=04+———=1.68m Y
2x9.81x0.4
09. Ans: (b) 1. Ans: (¢)
Sol: Depth=1.6m Sol: Rectangular channel
Specific energy = 2.8 m Alternate depths y;= 0.2, y,=4m
v
v’ \%% E; = B, (" alternate depths), F. = —
E =ly,+—|=28=1.6+ T
! [y‘ > 2%9.81 eb
_ \% V5
V =4.85m/s Vit =y, 42
v 2 2g
b= A 5 Fr;
&Y y{l+—1J=yz{l+—2}
F = __45 94 1.22 > 1(Supercritical) ’ i
"oJ981x16 _1+Fr22
Y| 2
10.  Ans: () 2 |, P
Sol: F,=5.2 (uniform flow) L 2
The ratio of critical depth to normal I | 4% ]
+ N
y
depthﬁ =7 Vs 022
Yn Y2y '2
Note: The given two depths y. & y, are not N N
alternate depths as they will have different Yo (2416 3 _ 8.8
specific energies. Y 2+0.04
12. Ans: (d)
\Y v q q Sol: Triangular channel
F =—=F =—=—3['.'V=—
VEY gy gy y
H:V=1.5:1
(E,) _d gv_ye ,
(F )2 = oy - ¥’ Specific energy = 2.5 m
5
EC = Zyc
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4 E As Potential energy (y) increases then
— — }/c
5°° kinetic energy (v) decreases
ye= 2m
2Q? . 2xQ? 1 ..y’ increases and ‘v’ decreases.
Ye = =>2=—
gm? 9.81x1.5>
Q= 18.79 m’/sec 15. Ans: (a) L.u‘%
Sol: Q=3m’/s s, éé
13. Ans: 0.47 Bi=2m,D=12m Vol
Sol: E;=E;+ (Az)
Width reduce dto 1.5 m (B
VI=Q=L=2.5m/sec ( 2),
A, 24x2 Assume channel bottom as horizontal
As = (by + my,)y>= (1.8 + 1x 1.6) 1.6 - E1=Es
=544 m’ V2 V2
12 g +Z >, ¥ 2_;
V, = g=—:2.2m/sec
A, 544 Q 3
V, . e =1.25m/sec
2 2 x1.
E =y, +- =2+ @5 5 318m 'k
2 2x9.81
vV — Q 3 2
2 2 s = = = —
E,=y,+ 2 =1.6+==2 =1846 m By, 15xy, v
2 2x09.

2318=1.846+AZ = AZ=0.47 m

14. Ans: (¢)
Sol: F.>1 L1y
B,<B
2> 1 B1 Bz
2~ q
,TJ
Supercritical
J— y2 ———————— q2
Y2
F>1
1y | yil A Q

2x981 % 2x981

__4
y2 x19.62

12, 25) [yzj

127=y, +

1.27 =y, +O—'22

Y2
y2(1.27)=y3 +0.2
ys =127y +0.2=0

y2=1.12m

125 {v

F
" J9.81x12]| /gD

<l} =0.364 <1
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Approaching flow is sub critical. If
approaching flow is sub critical the level at

water falls in the throat portion.

Ans: (d)

Rectangular Channel

y1=12m

V) =2.4m/s

AZ =0.6m

E, =y, +V—12 =12+ (24) =1.49m
2g 2x9.81

—
“
AZ = 0.6m
T I

Q=2.4x12=288m’/s/m
Assuming channel width as constant, the

critical depth

1

2 75

yc:[%z} = 0.94m
g

Critical specific energy for rectangular

channel Ec = %yc

E, =%(o.94)= 1.41
We know for critical flow in the hump
portion E; = E; + (AZ) = Ec + (AZ)c

= 149=141+ (AZ)c
2. (AZ)c=0.08m
If the hump provided is more than the
critical hump height the u/s flow gets
affected.

(or)

v, 24
Fr, = =
Jey, V9.81x1.2

= Hence sub-critical.

=0.69<1

If the approaching flow is sub-critical the
level of water will fall in the hump portion.
Option (b) is correct if the hump height

provided is less than critical hump height.

As the hump height provided is more than
critical, the u/s flow gets affected with the
increase of the specific energy from E; to
E|.

In the sub-critical region as the specific
energy increases, the level of water rises

from y; to y, in the form of a surge.

V[T E,
_____ Sub-critical
Y1 E1
yywe ““—"“S;l;)ercritical
11
El'= 1+V_
1= Y1 2¢
2
Bl =yl +—— .. (1)
2gy,

Also E, =E. + (AZ) provided.
=1.41+0.6
=2.01m

2.88°

S 20l=yl 4 —2
I %981y’

Solve by trial & error

for y;>1.2m
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17. Ans: (¢) 18. Ans: (a)
Sol: Bi=4m Sol: Given : —2y
B>=3m Top width =2y
(U/5) y1=0.9m Area = l><b><h
E, = E,2+tAZ 2
1
=—x2yX
n > yxy
(L A=y’ :
4m 3m y
H
e I
Wetted perimeter
0.9m : P =y’ +y*=y+2
NJM (Both sides) total wetted perimeter
2 2
y1+V—1=y2+V—2+AZ (P)=V2y +2y=2+2y
2g 2g
Vi=Va Hydraulic mean depth
Ay _y
According to continuity equation NS wm Y A
8 L= ®) P. 22y 242
Qi =Q p
A1V1 = Az Vz y - Yn(saY).
A=A, Using Mannings formula
1
Boyi=Bay, Q=A—(R)(8)"*
n
4x0.9 = 3xy, 1 , 23
y2=1.2m 02=y> ——| == 0.001)""?
} Y 0.015| 242 (0.001)
yi= Y2+AZ
2/3
09=12+AZ :/3 _ 1 ){ 1 } (0.001)1/2
AZ=-03m yo*0.015%0.2 [ 242

Negative indicates that the hump assumed

is wrong infact it is a drop.

1/2
¥ =0.2%0.015 x(zx/i)m{ 1 }

0.001
(v, ) =0.189

y, =(0.189)"*
yn=0.54 m
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2 1/5 . Q 9

critical depth(y )= {22 } Velocity of flow V = T
=0.644 m/sec
(for triangle)
15 .. By Chezy’s equation
2x0.2
Yo>Yye (0.54>0.38) 0.644 = 65,/2.142 xS,

. mild slope Sr=4.589 x 107

If (actual) depth at flow =0.4m =y
Yn>y >y [0.54>0.4>0.38]
.. Profile is M,

19. Ans: 4.36 x 107°
Sol:

15m

~. Discharge, Q =29 m*/sec

Area of rectangular channel, A =15 x 3 =

45 m*

Perimeter, P=15+2x3=21 m

Hydraulic radius, R = A = o =2.142m
P 21

.. The basic differential equation

governing the gradually varied flow is

d_y _ So B Sf
dx - QT
gA’
dy
d—= Slope of free water surface w.r.t to
X

channel bottom

sO=L=2x10*“
5000

QT  29°x15

Ty P =0.0141
g 81x4

Cdy _2x107' —4.589x107
Tdx 1-0.0141

=1.5631 x 107*

=S, =8, +ﬂ

dx

Sw water surface slope with respect to
horizontal
SW =9 _g
dx
=2x10%-1.563x 107"

Sy =436x%x107"°
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Ans: (a) 23. Ans: (d)
Sol: g=2m?/sec
v ya=15m;yg=1.6m
AE =0.09
. 1
~~~~~ 0= oo
________ NDL _
S; =0.003
Steeper mild 2, fgil TT-- oL . AE_ _ 0.09 Caem
: So=S 1003
Drop 2000
Ans: 0.74
Free fall —2™ profile 24. Ans: (d)
r % Sol: Given q; = Q/B =10 m’/s
Critical depth, y, = [q—] Vi =20 m/s
. i y1=&=&=0.5m
2 s v, 20
Ye = (9.8 J Wk We know that relation between y;and y, for
hydraulic jump is
v=21
Ya ﬁ=%[—l+Jl+8Frﬁ]
i:lyi/ssl/z g v 20
Ya Frj= —== =9.03
5 | y Jey,  V9.81x0.5
== x y2/3(0.0004)"
Y. 0012 ﬁzl[—l+w/l+8x(9.03)2}
yn=1.11m 05 g2
Vo> Ve y2 =6.14 m
Hence the water surface will have a depth
equal to y. 25. Ans: (c)
ye =0.74m Sol: Q=1m’s
y1=0.5m
y2=7
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As it is not a rectangular channel, let us (11.5y, -y,)
work out from fundamentals by equating 4(1 1.5y, )y 1 B
specific force at the two sections. 3 5
(10.5y,)’ =230y
Q. ][,
—+Az| =| —+Az _
12 +y2><h— 12 szﬁ YI:O'zm
98Ixy2 ~' 3 98Iy} "? 3 y2=11.5(0.2)
3 Y2 = 23 m
0449- 42
98ly, 3
Yo = 1.02 m 27. Ans: 143
Sol: yi=12m
Ans: (b) Vi +V, =gy,
Given: Vi
Head =5 m = (AE)
Froud number = 8.5
Approximate sequent depths =? V!
1 Uls D/s
ﬁ:g[—lh/usm]
¥4
| . V, =+49.81x1.2 -2
:5[_1”“8(&5) } Vi = 143 m/s
=11.5m In this problem if the wave moves
y>=11.5y downstream the velocity of wave is
V, =Vi=4gy,
(a) y,=11.5(0.3)=3.45 . V., =4gy, +V,
b)y, =11.5(0.2)=23m from options
(b)y; =11502)=2 —J98Ix12+2
y1=02, y2=23m =5.43 m/s
(or)
AE=5m 28. Ans: (b)
(y —y )3 Refer previous ESE-Obj-(Vol-2) solutions
AE = 2 U7 th
4y.y, Book (Cha-12, 79 Question -pg: 154)
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29. Ans: (¢) Case - 2:

Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-12, 87™ Question -pg: 155)

( Conventional Practice Solutions )

01.
Sol: Given data:

n=0.015

I

b=5my=2m y=2n

S;=1: 1600

fF— b=5m —

Discharge calculation in

Case - 1:

Wetted area A=5x2=10m’

Wetted perimeter Py =b + 2y
=5+2(2)=9m

Hydraulic Radius

= A0 1.11lm
1
Discharge,

Q=A1V1:10x(lR2/3.S”2j
n
1/2
—10x| — x(1.11)2/3x[Lj
0.015 1600
=10 % (1.79)

=17.8675 m’/s

Consider hydraulically efficient rectangular
channel so that discharge is maximum.
Given that lining area constant w.r.to

original channel.

P,=P;=9m
b, + 2y, =9m
For efficient rectangular channel we know
b =2y,
2y, +2y>,=9

y2=9/4=225m
b,=2x%x225=45m

By Manning’s formula:

1

AV =_R2/3.Sl/2

 n

an x(z.zs}”( 1 jm
0.015 | 2 1600

V,=180m/s
Q=AV;

— (4.5 x 2.25) (1.80) [R _Y_ Ej

2 4

= 18.25 m*/sec

% increase in discharge Q = M %100

1

_1825-17.8675
17.9

=2.14%

100

By Froude’s number
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P Vi, 18
" Jgy, V9.81x2
E =040<1

It is sub critical flow.

p oV, _ 18
b ey,  V9.81x2.25

F, =038<1

So it also sub critical flow.
.. The sub critical flow is not changing into

super critical flow.

02.

Sol: discharge per meter width,

Say, q =
according to the continuity equation for
constant width

q=Viyi=Vay,
As y; and y, are alternative depths, the

specific energy is same at both the sections.

E1:E2
2 2
yit 1:y2+V_z
2 2g
2
qQ q
N gyt 7 gy
Hence,
2
(1 1)
-y =S Lo
b 2g(.\/§ v
2 2) 2
Y1 = Y2) 4
2(Y1_Y2)_ 12 22 e
1y2 8

Sol:

2
For a rectangular channel 4 _ v

g
Hence,
3 _ 2(Y1 — Y )Y12yz
v -v3)
s_ 2y1y;
yC -7 3
(Y1 + Y2)
2
Specific energy, E =y, + l(q_J%
20 g )
q2
Substituting the value of —— in the above
g
equation
2_2
EEVILINEY. [
2 (Y1 + Y2) Yi
2
=yt T
ity

Y VYY)
(y1+v2)

Hence proved

Energy Line

V,=1.10m/s =
—_—
i l Y2
Wmim-?aﬁﬁ%”gm
L-Section
Vi, 40m 3.5m
Plan
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At upstream section 1
A=16%x40=64m
Q=A,V,=1.10 x 6.4=7.04 m’/s

Discharge intensity,

Q 7.04
Q=T"="-
b, 4.0
=1.76 m*/s/m
2 2
Vi=1.10 m/s, V—lz (1.10) =0.06167 m
2¢g  2x9.81

: Vi
Specific energy, E, =y, +—
2g
=1.60 +0.06167
=1.66167 m
Vl
gYi

Froude number, F, =

= & =0.2776

A/9.81x1.6

As F; < 1.0, upstream flow is subcritical. The

water surface will drop down at the
contracted section.
Contracted section: (Section 2)

0 =2=T% ) 0114 m¥s/m
3.50

b,

5 \1/3
Critical depth, y_, = [q_2J
g

2 1/3
:(%J —0.7444 m

Minimum specific energy at section 2 = E,

2

2 —15y,=15x0.7444=1.1165m
g

V.

E,=y,+ 2
At critical at conditions

E,=E, +AZ

1.66167=1.1165 + AZ,

S AZ.=0.545

AZ < AZ. given
So up stream level would not get disturbed

By energy equation,

2

E, =1.66167 =y, VoA,
2g

2

q,
=y, + +Az
2 gy
2
1.66167 =y, +L14)2+0.35
2x9.81xy;
yo + 22092 5117
Y2

By trail and error method
Value of y; is found as
y2=1.158 m
The upstream depth will remain unaffected at
y1 = 1.60 m
Hence, with the bed level of the section 1 as
datum
Elevation of upstream water surface = 1.60 m
Elevation of water section at the contracted
section
=y, +Az =1.158 +0.35
=1.508
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Sol:

We know

v, :%[—1+1/1+8F5(VC)]
Y, :0._215[_“ 1+8(10.98)2} =2255m

If hydraulic jump starts at vena contracta
the tail water depth shall be 2.255 m given
tail.

Water depth is 1.8 m. It means due to
practical situation the jump is repelling in
such a case the jump will not start at vena
contracta. but slightly ahead of the vena
contracta towards tail water.

Repelling
jump

A

Vi :2255
y 1.8 my m

AX" 1ocation where
hydraulic jump starts

E:Engineérin?PEu“blimﬁons : 55 Fluid Mechanics
Vve = 0.15
v, =L =2 111 misec
1.8 v, 18
V 1.11
F, =—= =0.264
Yol © Jey, V9.81x18
Froud number at vena contracta = —< 521
VEYve y 018  |yi1=0223
Ve
0.15
Ve =94 =2 _1333m/s
Y O0.15 k— Ax  —
13.33 .
Friye) = m =10.98 Actual initial depth

5[ i
yl_2 1+ /1+8F;
:%[—1+\/1+8x0.2642]

=0.223 m
The distance between vena contracta and
starting of jump is Ax calculated by direct
step method.

2
V:ﬂ;E=y+V—
y 2g

For horizontal flow S, =0

AX = AF = (_)£
S, —S; S;

SF = Energy slope

V= le/s\/g

n

Vin?  Vn?
S = R = a3
- S +5;
)
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Step | y v E AE SF §F Ax

(m)

0.15 13.33 | 9.20 0.5016

1 2.73 0.387 | 7.054
0.18 11.11 | 6.47 0.273

2 1.64 0.218 | 7.52
0.21 9.52 4.83 0.163

3 0.52 0.148 | 3.51
0.223 | 896 | 4.31 0.133

18.08 m
0s.
Sol:

Given discharge Q = 4.8 m’/sec
Width of the channel b=4 m
Initial velocity of channel V; = 1 m/sec

.. Discharge per meter width

Q

q=Z=l.2m3/sec/m

q
yi =y =12=12m

By sudden increase of discharge the channel
depth is rised by 50%.

y2=12x15=18m
If discharge is suddenly increased surge will
develop which will move
downstream with a velocity ‘Vy,’” as shown in

figure.

k}’2 > Vw
-
v V=08 yi=12

The surge is unsteady rapidly varid flow.
This unsteady flow case can be transformed
into a steady one by

superimposing flow with velocity Vy,’ in

the opposite direction shown in figure.

— - V
y2 *Vy «----- -
y -—
VW_VZ y VW7V 1

ATTTTTTTTTT RN ANNNNRNNNNNNNNNNNY

The continuity equation may be written as
AV = AV,

For unit width of the channel

YiVw V) =y2 (Vw - V2)

1.2(Vy —-1)=1.8 (Vy— V)

Vy—-1=1.5(Vy—V2)

Vw—-1=15Vwy-1.5V,

Viw=3V2-2 > (i)

A positive surge moving downstream

applying momentum equation

_>F2

<—F1

In rectangular channels per unit width the

2 2
force F, =%,F2 :%

F,—-F = pQ (Vd/s _Vu/s)
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2 2
%—% =p y1 (Vi =VD[ (Vi =V1) <(V-V2)]
)

v —y? Chapter- 13
(#Jpg =py,(Vy = VIV, - V,) Dimensional Analysis

2

1.8°-1.2° 0. Ans:
——p8l= 1.2(V,, 1) (V2= V)) . Auns: (c)
Sol: Total number of variables,

+7.3575=(Vw—-1)(V2-1) n=8andm=3 (M,L &T)
7.3575=(Vy =1) (V2 =1) Therefore, number of T’sare=8 -3 =15
From equation (i)
02. Ans: (b)
Vy=3V,-2
Sol:
7.3575 =3V, -2-1) (Vo -1
(3V2 ) (V2 -1) TN MLT? »
7.3575=3V,-3) (V2 -1) " oDVE MLOxDZxIZxT2
7.357 =3(V2 1)’ — It is a non-dimensional parameter.
V2, =2.566 5 VD LT 'xL 1
) = #1.
.. From equation (i) Vy, =3(2.566) —2 o ML'T
V,, =5.698 m/sec — It is a dimensional parameter.
.. New flow rate = by,V, 3 % _1
=4 x 1.8 x2.566
3 — It is a non-dimensional parameter.
» = 18.4752 m’/sec VD
4. P22 _Re.
1)

— 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.

Sol:

0s.

Sol:

06.

Sol:

"

" ‘\ )
AR\ ACE
v N . - .

follow Froude’s law

Acc to Froude

A

Vm _ L
v, \2s
1
Vm :§X10 :Zm/s

¥ Engineering Publications :58: CIVIL - Postal Coaching Solutions
Ans: (¢) 07. Ans: (d)
Sol: Froude number = Reynolds number.
Mach Number — Launching of rockets v; = 0.0894
Thomas Number — Cavitation flow in soil If both gravity & viscous forces are
Reynolds Number — Motion of a important then
submarine v, =(L,)"”
Weber Number — Capillary flow in soil 3
—mo—L
VP
Ans: (b
( .) L.=1:5
According to Froude’s law
T =L, 08. Ans: (¢)
Lo _ T Sol: For distorted model according to Froude’s
L law
A Q, =L,Ly
\/L—r & Ly =1:1000,
t, = 50 min Ly =1:100
Qm=0.1 m/s
Ans: (a) -~ 1 X(ij_ﬂ
L=100m 1000 (100) ~Q,
V, =10m/s,
p TS Qr = 10°m/s
_ L
f2s
As v A 4 09. Ans: (¢)
S VIScous paramefers arc SigScuig Sol: For dynamic similarity, Reynolds number

should be same for model testing in water
and the prototype testing in air. Thus,
Py XV, xd, p,xV, xd,
meo K,

or V

w

:&Xﬁx“_wxva
R

(where suffixes w and a stand for water and

air respectively)
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Substituting the values given, we get 11. Refer previous GATE solutions Book
12 4 1073 8 (Cha-8, One marks 5™ Question -pg: 575)
w =g X X————=x1 =—m/s
10° 0.1 1.8x10 3
To calculate the drag force on prototype, we 12. Refer previous ESE-Obj-(Vol-2) solutions
equate the drag coefficient of model to that Book (Cha-14, 5™ Question -pg: 205)
of prototype.
) F, F, 13. Ans: (a)
ie, = .
pAV? ) | pAV? ) Sol: Vp =10 m/s dia=3m
A > V=15 m/s, Fn=50N, Fp,=7?
v
Hence, (F, )p =(E,), xPa s Dol Lo Acc to Froude’s law:- F =1
pW AW VW ' !
A \ (But L, is not given)
1.2 4 1
= 4 X T3 X| — X| — P V2 b E
10 0.1 8/3 STV A A
=LO8N pAV2 =F | Reynolds law
10.  Ans: 47.9 Now scale ratio:
Sol: Given data, F. Vi o Y
Sea water | Fresh water' E = V_lf = A_p x E
(Prototype testing) | (model testing) ) )
V105 ? 15:—0 = (%J X (%) (A = Lzr) ("."same fluid)
p | 1025 kg/m’ 10° kg/m’ r
W[ 1.07x 107 Pas | 1x10° Pas §r = 2000548
For dynamic similarity, Re should be same I3, Beteg previous E:E-Obj-(VOl-z) solutions
in both testing. Book (Cha-14, 4™ Question -pg: 205)
: pmedm _ pPVPdP th
ie., . = " 15. Repeated (Same as 13 Question)
m p
P, 4 n : : :
V. =V, x—x d—p X —m 16. Refer previous ESE-Obj-(Vol-2) solutions
P G Ho Book (Cha-14, 21* Question -pg: 208)
-3
—0.5x 1923 10010
10 1.07x10
=479 m/s
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17. Ans: (a)
1 (Conventional Practice Solutions )
Sol: L, =—
100
am=0.013 01.
Ay (L )é Sol: Buckingham r-theorem is stated as:
P r If there are n variables (dependent and
g o m _ 0.013 independent variables) in a dimensionally
’ (L. )s (1]“6 homogeneous equation and if these
100 variables  contain m  fundamental
a, =0.028 dimensions (such as M, L, T, etc.) then the
variables are arranged into (n—m)
18. Ans: (a) dimensionless terms. These dimensionless
Sol: L, = 1 terms are called w-terms.
9 Given that drag force on partially
yp1=05m, yp=15m submerged body is a function of
qm:?7 qp:? FD:f(VavaKapagaL)
2q; Thus, n=7
L= ylp'YZp (YIp + yZp)
g and m=3M,L&T)
2q2 Hence, no. of t-terms=n-m=7-3=4
P =0.5x1.5%(0.5+1.5) ,
9.81 Out of 4- t terms, one of the obvious m-term
2q; il A5
=(0.5)1.5)2 will be, say m, = —
ogp = (0:5X15)2) L
_ Let us choose p, V and L as the repeating
q, =2.71
variables. Then,
q, === =L ™= Fyp VLS
9y

19. Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-14, 03" Question -pg: 205)

MOLT® = MLT (ML ' (LT ) (L)
— M e po2-b,

Equating the indices of M, L and T:

ForM: 1+a;=0=a;=-1

ForT: 2-bj=0=b;=-2

ForL: 1-3a;+b;+¢;=0
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\‘ ()
R

Or, 1+4+3-2+¢,=0 02.
= c=-2 Sol: Given:
River Rectangular
Thus, 1, = F,p™ VL™ =—12D . 8
pLV Pier (Prototype) Model

SimilarIY, Wp =1.5 m, Lr = 1/25
T3 = vpanszCz Lp = 45 m, Vm = 065 m/S
Or,M°L°T® = LT~ (ML J* (LT ) (L) N

’ Hn=35cm

= ML e where H is the height of standing wave.
For M : a=0
ForT:-1-by=0=by=-1 (i) The corresponding speed in the prototype
ForL:2—-3a+by+c,=0 Vi
Or, 2-0-1+¢=0 As the flow in a river is a free surface flow
=>c=-1 affected by gravity, the dynamic similarity
Thus, 5 = vp°V-'L" = v 1 between the model and its prototype will be
VL Re achieved by equating the Froude's number.
Similarly, A _ \'
my= gp" VLY VL8, YLag.
M°LT® = LT (ML f* (LT ) (L) v (L
( )a( ) Or’_p: _P: /25:5 (...g :gm)
— M]3t res p2bs Vm Lm p

So, S Vp=Vuax5=0.65x5=3.25m/s
ForM: a3=0
ForT:-2-b3;=0=b;=-2 (i) The force acting on the prototype, F,:

For L : 1—3a3+b3+C3:0
Or, 1-0-2+¢3=0

= c3=1

. A%
Force = mass x acceleration = pL’ x T

:PL3><—V ['.'V=£orT=£}
_eL_ L CAA
V2 Fr2 2

So, my= gp°V L

Thus, we can write:

my = f(m, 73, ma) Force ratio, F. = F—“‘
> T

F, K 1 1 k,
Or, ——=fl———=
pLV L Re Fr
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2 2 A, = width of the pier x depth of water in
_p_mXL_;nx_r;_pr'Lzr'Vrz ’ P P 2
p, L, V, the river=1.5x3=4.5m", and
_ 2« ( \/L_)Z _p V, = velocity of flow in the prototype
' ' ' (=3.25 m/s).
cp _Fa 3
F=0 =3.92x(25) (€0), - 61,250 5 s

=61,250 N=61.25 kN
(* pr = 1, fluid being same in model and

prototype)

The height of the standing wave in the
prototype, Hp:

Hp,=Hpn x25=3.5%x25=87.5cm

The co-efficient of drag resistance:

The co-efficient of drag resistance is
defined by

V2
F= CDPAT

where F is the drag force.

Cp=rt

1 >
—xpAV
) p
F
Or, (CD)pzl—p2
EprApr
where,

F, = Force acting on the prototype
(=61,250 N),

pp = Density of water (= 1000 kg/m’)

5x1000x4.5x3.252

The drag co-efficient will be same for

model and prototype, i.e.,
(Cp)y =(Cp), =258

Chapter- 14
Flow Through Orifices, Mouth Pieces,
Notches and Weirs

01. Ans: (¢)
Sol: C, =&
Cth

V., =+/2gh
=4/2%x9.81x1.25

=4.952 m/s
V., =+/2x9.81x1.2

=4.852 m/s
C,=0.98

02. Ans: (d)

Sol: t=

2A 1/2 1/2
—=H,/"-H
Cda1/2g( 1 ’ )

Cq4, A, Hy , H, are constant

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




v :63: Fluid Mechanics
1 07. Ans: 0.792
toc Ty 2
Sol: a=0.0003 m
t_z i 2 H = 1 m
t, d, Cq=0.60
) J2g =44
d, 200
t,=20x| —| =—=50
2d, 4 Q=C,.a,2gH

05. Ans: (a)
Sol: Q oc H*?

QZ_QI

Q,

3/2
:(?%j ~1 =5.041%

06. Ans: (b)

Sol: Q=C, %@L(H)m
Qoc L HY
dQ_dv 2dH
Q L 3H

=15+ 2x1
2

=—15+15=0

Q= 0.60 x 0.0003 x 0.44 x /1
Q=7.92 x 10~* m¥/sec
=0.792 ltr/sec

08. Anmns:16:1
Discharge through an orifice, Q = A. V

T
QActual 7 Cd . Zdz \ 2gh
Q=dvh
2
Q (d—J b,
Q2 d2 h2

For same discharges Q; = Q;

4
h) b (2] b
h, \d h, (1) h,

09. Ans: (d)

5

Sol: Q=1.418H2

5

Q ecH?

Q. (M)
Q |H,
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S

Q, (0.3 ]z | | cos>

s = _ 1 2

Q, 0.15 =—x : X 0 x 100

cos” — sin—
& =5.657
: = ,Lde %100
sin 0
10. Ans: (d) = cosec 90
8 0),,> -7
Sol: Q=—C,,/2g tan| — H?
15 2
5
oc H?
Q ( Conventional Practice Solutions )
5
Q _(Hy |
Q, H, 01.
Sol:

Q. (%j _5.66
Q, \o.1

11. Ans: (d)

Sol: Qo< f[tangj
2

0

=Ktan—

Q an2

01
dQ =Ksec*——do
Q 22

do

ry =2% (Given)

% Error in discharge,

K sec? Qxlde

49 100=
Q K tan —
2

x 100

Volume of water falling down= discharge x

time

Adh = Qdt

A =093 m’
(Q::f%Cﬁwﬁi;I{yz
H=0.075m

‘(11—1: =2.54mm =2.54x10"° m/s

Thus substitution

0.93x2.54x107 = %cd x~/2%9.81%(0.075)°"2

Ca=0.649
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Given:
Width of river = crest length
L=30m
Depth of flow, y = 3m
. Area of flow section = (30x3) =90 m’
Mean velocity of flow
V =1.2m/sec
Discharge Q = AV
=(90x1.2) = 108m’/sec
Since the anicut (Weir) is constructed to
raise the water level by 1m, the depth of

flow on the upstream of the anicut becomes

(3+1)=4m
Velocity of approach
a= 1V _ AN 0.9m/s
A, 30x4

a

Head due to velocity of approach

2 2
ho Ve _ (09)

. =0.0413m
2¢  2x9.81

Assuming that the weir is discharging free,

then

Q :g CdlL\/E [(H+ha)3/2 —hilz]

i

Vﬂ_>

TTTTTTTTT] /
Free Weir

Assume
C,=0.58

Thus by substitution,

108=§ x 0.58x30x4/2x9.81

|(F+0.0413F" - (0.0413)"2

= H=1.604m

The height of the weir is then

Z =(4-1.604) =2.396m

Since the depth of water in the channel on
the downstream of the weir will also be 3m,

the anicut will be submerged .

V;——+1H4 :%ilfb)
TTTTITITTT, 7
Submerged Weir

For a submerged weir the discharge is
given by
Q=011+Q

Q=3 CyLy2e [0, ~1,)+n, ) —n”

Q= Cy, X(LXHZ)l\/Zg(Hl —H2)+V;J
(H]-Hz) =Im
GivenC,=0.58; C,,=0.80

Thus by substitution, we get

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




P

03.

Sol:

N . ACE_
By Engineering Publications

166 :

CIVIL - Postal Coaching Solutions

108=§ x 0.58 x30x4/2x9.81 x

0+ 0.0413 2 — (0.0413 )2 |+
0.80 % (0.30 x H,) /(2 <981 x 1) + (0.9)" |

Or, 108 =54.17+108.5H,

o 1085417 e

108.5
Therefore the height of the anicut
=(3-0.496) = 2.504m

The given data is shown in figure below

[y
>
A

We know for the orifices, the coefficient of
velocity is related as

2

Cy= =
4yH
.. The trajectory is given by
x?=4yHC? ...l (1)

At the point of intersection of the two jets

x; =4y HC:.....oooee, (i1)
xp =4y H,Cl oo (iii)
But Xa = Xp = X

Equating (i) and (ii1)
o B (iv)
yb Ha
Also  H,+y,=Hy+yp
ya—yb=Hb—Ha ............. (V)

Solving for y, from Egs. (iv) and (v)

From Equation (iv)

substitute the value of y, in equation of (v)

H,
—xy, -y, =H, —H
o Yo =Yy b a

= y»=Ha
Substituting the value of y in equation (vi)
Ya=Hp
Now, Substituting in Eq. (i),
x? = 4YaHaC%/ = 4YbeC3

x =4/4y,H,C2 =2C /H H,
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