CIVIL
ENGINEERING

GATE | PSUs

FLUID MECHANICS &
HYDRAULIC MACHINES

Volume - | : Study Material with Classroom Practice Questions



Fluid Mechanics & Hydraulic Machines

Solutions for Vol - I Classroom Practice Questions

Ch 1 I Loem
apter- B
Properties of Fluids =02 pas
N =240rpm
o 21N _ 21 % 240
01. Ans: (d) 02. Ans: (¢) 60 60
®=8n
03. Ans: 100 _por 02x81x50x107° 23 77N/m’
uwvo 02x1.5 5 T T 3%103 = 62.//N/m
Sol: 1=— = 3 =100 N/m X
h  3x10”
06. Ans: (b)
04. Ans: 1 271032qu3
Sol: - Sol: Power,P = T
WSin30
 2nx(81)° x0.2x2x(0.05)
3x107°
= 66 Watt
W . Ans:
FotxA 07. Ans: (¢)
AV Sol: N
Wsin30 =222 T
30T
100 1x0.1xV 181
2 2x1073 Slope = constant
V =1m/s 61
1]
Common data Q. 05 & 06 ——t >
05. A © 0 1 3 5 du/dy
. Ans: (¢
Sol:D; =100mm , D,=106mm <. Newtonian fluid
Radialclearance,h = @
106 —100
=—————=3mm

| ACE Engineering Publications /Hydembad|Delhi|Bhopal|lee|Bhubaneswa.r| Lucknow | Pamna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




PR ACE . .
i ‘:Engineeﬁng Publications 12 CIVIL - Postal Coaching Solutions
08. Ans: (d) 14. Ans: (b)
Sol: = du Sol: Free surface is subjected to surface tension
dy force in the plane of surface. It can resist
u = 3 sin(5my) small tensile loads.

du =3 cos(Sny)x Snt= 15ncos(5my)
dy 15. Ans: (b)

Sol: V=0.01 m’
B=0.75x 10" m*N

. B Mdu
=0.05 " 3o, _ 7 2
y dy y=0.05 dp =2x10" N/m
1 1 4
=0.5x15mcos(5mx 0.05) k=—=——— =—x10
B 0.75x10 3
T 1
= 0.5x15n><cos(—] =0.5x15tx— dp
k=
4 ﬁ dv/v
= 7.5x3.14x0.707 = 16.6N/m’ ;L
= U003 s
X

1oy = 0-5x15mcos(5mx0.12)

16. Ans: 320 Pa

-2
Sol: AP:8_G:8X0-(2§1 :32><{30
D 1x10 10
= 7.5xmcos 3 2
| > AP =320 N/m

Which is negative so zero

= T7.5xmcos 51t><i
25

09. Ans: (¢) 10. Ans: (d) 11. Ans: (a)

12. Ans: (d)
Ans: Viscosity in liquids decreases and in gases

decreases with rise in temperature.

13. Ans: (d)
Ans: Blood is a pseudoplastic fluid. So statement

I is wrong.
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Fluid Mechanics

Conventional Questions which can
be asked as objective Questions

01.
Sol:
(h-y)
h v !
A I F
T y Ha
Assumption:

e Thin plate has negligible thickness.

e Velocity profile is linear. Because of
narrow gap.

e 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) H

[ —V

y[ H2

From Newton’s law of viscosity,
e udu
dy

. F1 =11 x Area of plate

Let A be area of plate

F =p, x x A
1 =My h—y
F, =p, x Xx A
y
(1) Shear force on two sides of the plate are equal:
F1 = F2
uxVA  u,VA
h-y y
M _h-y
Ky y
howo b prp
y W y 253
_ H,h
M+ 1,

(i1) The position of plate so that pull required to
drag the plate is minimum.
Fe u, VA N p, VA
h-y vy

constant

, V, A, iy & W, h are

For minimum force, —F =0
dy

VA —y) > (-1) -1VAy > =0

HVA VA

v (h-y)
(h—y) _w
yz U,
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Ak Engineering Publications
h-y_ |m
y H,
h
— =1+ &
y H,

02. Ans: 0.372 Pa. sec
Sol: Torque = 1.2N-m

Speed, N = 90rpm

Diameter, D; = 10cm ,

D> =9.75cm
H=2.5¢cm
)
i
o
9.75cm

10 cm

Assumption:

e The gap between two cylinders is narrow
and hence velocity profile is assumed
linear.

e No change in properties

Torque = Tangential force x radius

Force = shear stressxArea
_ uxVA
h

Where h is the clearance (radial)

e 15-14.75
2
=0.125cm = 1.25x10°m
Area = DL
= 1x0.15%2.5x107
=11.781x107°m?
F - LXxorx A
h
o= 21N _ 21t x 600 =207 rad/s
60 60
Torque = Fgxr
_ uerxr
h
_ por’ A
h
oo ux20mx(0.15)* x11.781x107
1.25x10° x4

p=0.372 Pa.sec
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W
b

D | 05. Ans: (b)

Chapter- 2
Pressure Measurement & Fluid Statics
06. Ans: 2.2
Sol: h;, in terms of oil
01. Ans: (a) So ho = Smhm
Sol: 1 millibar = 10°x10° = 100 N/m? 0.85xhg = 13.6x0.1
One mm of Hg = 13.6x10°x9.81x1x10? ho = 1.6m

= 133.416 N/m’ h, = 0.6+1.6 = h, =2.2m of oil

1 N/mm? = 1x10° N/m?
1 kgf/em® = 9.81x10° N/m*

07. Ans: 750
Sol: Putpwghy = Pamtpogho

1000x6x107 = p0><8><10'2
02. Ans: (b) 00 = 750 kg/m3

Sol:
08. Ans: (b)
h
710 mm Local atm.pressure Sol: h,, Sy C—hy - Swhy, —h,
(350 mm of vaccum) So Sy
9 18
360 mm hay —hy =——— —
T MoTNT0.83 083
Absolute pressure
03. Ans: (¢)
09. Ans: 2.125
04. Ans: 48.147
Sol:
Sol:
0il (S=0.86) 0.8m
Water [.5m
Mercury (S =13.6) %O.zm hP _ hG n 1
Ahg
Pbottom = poilghoil + pwghwater+ pHgthg _ 2 n TCD4 X 4
= (860x9.81x0.8)+(9810x1.5)+(13600x9.81x0.2) 64 x D2 X 2 X T
_ 2
=48147.48 Pa =2+2 X4=2.125m
Pootom = 48.147 kPa 64x2
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10. Ans: 61.6 14. Ans: (d)
Sol: F = PxA Sol:
F = pghA Fret = Fui— Fio
D D?
=9810x2x—x22 =61.6 kN F, =yx—xDxl =1
4 2 2
11. Ans: 10 2
_ FHZ_YX_XBXI :&
Sol: F=pghA 2 8
2
=9810><1.625><E(1.22 —0.82) —y 2(1_1] _3D
4 2 8 8
F = 10kN
()]
12. Ans: 1 Chapter— 3

Sol:

2x

X

Foottom = pg % 2X X 2X X X
Fv =pgx x 2x x 2x
Fg
Fy

=1

13. Ans: 10
Sol:

Fyv =xxn

2x

TE><22

Fyv=pgV =1000x10x

Fv = 10nkN
Sox=10

Buoyancy and Metacentric Height

01. Ans: (d)
Sol:

v I

R —7

< 4dm >

Fp = weight of body
PogVe = pigVid
640x4x2x1.25 = 1025x(4x1.25xd)
d=1.248m
Vi = 1.248x4x1.25
Vi = 6.24m’

02. Ans: (¢)
Sol: Surface area of cube = 6a’
Surface area of sphere = 4mr”

4nr? = 6a°
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m (a 2 04. Ans: 11 v
3 | Sol: Fe
Fb,s o Vs
4 !
3 o 4 o’
- 3 A 3
a 3 2£
3
4 nr’ 6
= =.|= =103x9.81xfn(0.8)3—(10><103)
3( |2 |27, T 3
o
3 3 =21-10
W=11kN
03. Ans: 4.76
Sol: Fy = Fin+Fpw 05. Ans: 1.375
Wi = Fy Sol: Wyater = SN
Woir = 7N
S =0.85
X water W — Weight in air
SR L Fgi =W-=5
(10-x) Hg .
FB2 =W-7

PbEVo= PmEVidmtPegVidw
PbVb = PmViamtPwVidw
SxVy = St Vedm+SwVidw
7.6x10% = 13.6x10%(10—x)+10°xx
—6000 =—-1260x
x=4.76 cm

W-5= p1gid(1)
W-7= ngVfd.....(2)

Vi =Vy
W-5=p,gV,
W-7=p,gV,
2=(p, —p, )2V,

Vo = (1000—?350)9.81

Vb =1.3591x10"m’

W =5+(9810x1.3591x10)
W =1833N

W = ppgVy

| ACE Engineering Publications >Hydembad|Delhi|Bhopal|lee|Bhubaneswa.r| Lucknow | Pamna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




1 u ACE . .
v VEngineer: :8: CIVIL - Postal Coaching Solutions
il ‘,,EnglneenngPubhcauons g dolu
18.33 3 09. Ans: 20
9.81x13591x10° ©°
3 Sol: T =2n 7 72
Sy =1.375 T = 205
06. Ans: (d) 10. Ans: 122.475
Sol:
07. Ans: -14 T V=0.1m/s
Sol: GM = BM-BG
1 3x()
V 12x3x1x0.75
BMo_4 pgol 3.1
12x3 2 8 8
BM = 1
9
GM - 1 1
"9 § The thickness of the oil layer is same on
GM =-13.8mm =~ — 14mm either side of plate
08. Ans: (b) y = thickness of oil layer
Sol: W=Fj 23.5-1.5
=——=11mm
PogVo = pigVia
PV = piVig Shear stress on one side of the plate
udU
0.6x2d?x2d =1xZd?xx = d
4 4 Y
x=1.2d F, = total shear force (considering both sides
GM =BM - BG of the plate)
pMotlo ™ __d —2Axp= 20
y
64x "d>x12d 192
4 _ 2x1.5x1.5%2.5x0.1
BG =d-0.6d =0.4d 11x107°
GM < 0 unstable =102.2727 N

Weight of plate, W =50 N
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()
Upward force on submerged plate,
P sep ; log(lj = log(\/;c)
F,=pgV =900 x 9.81 x 1.5 x1.5 x 10~ X
=29.7978 N 1 .
Total force required to lift the plate X v
=F,+W-Fy At(l,l)point=l=\/f.c
=102.2727 + 50 — 29.7978 1
=122.4749 N c=1
x\/§ =1
Chapter- 4 03. Ans: (a)
Fluid Kinematics _ A oA
Sol: V=2xi+yj
Compare V =ui+vj
01. Ans: (b) Where, u=2x,v=y
Velocity, V/| =vu’ +v’
02. Ans: (a) > >
=4(2x) +
Sol: Given, u = —x, ( ) (y)
v=2y V= 4x’ +y’
St li tionin2 —D
ream line equation in V= 4(1)2 N (l) _ J5m/s
dx _dy .
v Acceleration, a=a,i+a_j
dx dy - 2 2
oy [al=va," +a,
On integration a =@+u@+vﬁ+w@
oot ox 0Oy 0z
Ly s
—x 02y = 0+ (2x) 2 (2x)+ ()22
1, 11 ox o
‘j;d":ﬂ;dy —2x (2) + y(0)
=4x
1
—log x = Elogy +logc o ov ov
y = —+u—+v—
1 ot 0x Oy
log(;j = log\/§+ logc B P P
= 0+2x——(y)+y.—(y)
X oy
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=2x(0) ty (1)
aconvective: 2
-y 2><O8 2( 2x0.8 2><08}
|£ = \/axz +a)’2 = \/(4X)2 + y2 aconvective = — 14.62 l’l’l/SGC
— /16X2 + y2 Atotal = Alocal + Aconvective = 0.94 - 14.62
= _13.68 m/sec’
— 2 2
= |a|(m) =16(1) +(1)
=/17m/sec’ 06. Ans:8 — vV,
Sol: —A2
Common Data for Questions 04 & 05 Vi—
Ay
—, V3
04. Ans: 0.94 —A3
ov According to the conservation of mass
Sol: - atoca = ot Total inward flow = Total outward flow
P <\ Qi =Q2+Qs
Y Zt(I - gj AVI = AV + A3Vs
Ay =A3
2
:(1_i)x2 Vi=2m/s; V,=3m/s; V3=5m/s
A1 X2=A2X3+A2X5
05 Y A =4A,
ALocal Jat x =0.5, L =0. =2|1-
(BLocaar =05, L= 03 [ 2 x 0.8] At another instant V; = 3 m/s
=2(1 —0.3125)* =0.945 m/sec’ Vo =4m/s
V;=7
05. Ans:-13.68 A1V =AVy+ A3V;
Sol: ,  _,ov_ 2{1_"}2 B 2{1_)(]2 4A, x3=A, x4+ Ay x V3
convective aX 2L 6}( 2L 12 A2 — 4A2 + A2V3
5 =8 m/s
X 1
2t 1—| 2t 21— | ——
2L 2L
07. Ans: (d)
At t=3sec;x=05m;L=08m Sol: u = 6xy — 2x*
continuity equation for 2D flow
@ +ﬁ =0
ox Oy
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@—6y—4x 10. Ans: 1.5
Ox oV 00
3 Sol: a,= %XE
(6y—4x)+ =0
oy oV
=£X(D ('.'V:rﬂ))
oV
—=(4x-6y)=0
0V = (4x-6y) dy 5 3sing .
v _[4 . I6 . = %(3sm9)x = 3cos0 x sind
= Xdy — | bydy
— 4Xy _3y2+ c (ar)(9:45) =3 x COS450 X sin450
1 1 3
=4xy—3y2+f(x) =3x —x——= > =1.5m/sec’
V2 22
08. Ans: 2
11. Ans: 0.3
ov 1
Sol: gzg(m/sec/ m) V=3 misec Sol: Q=Au
du 0 (Qj
Adlocal = — T /| —
ot ot\ A
1 0Q
local :XE
aon )%
aLocal = - |
04-0.1x ) ot
Ve _(3) 9 2 Atocaatx 0= ——x012 (22 —012
ar:?zgzgzlm/s (aLocal)at x =0 04 ( ot )
_ 2
a= Va—v=3><l =1 m/s’ = 0.3 m/sec
Ox 3
a= \/(ar)z +(at)2 :\/(1)2 +(1)2 = \/Em/secz 12.  Ans: (b)
Sol: y=x -y
09. Ans: 13.75 2 A
e atotal = (ax)1+(ay) j
Sol: at(conv) = Van Xd_v a\l’ a
o u:gzg(xz—yz):—%’
o = (2.5;3](3;21.5] 575 x5 o
: _ Oy _—O0( 5 2\ _
at (conv) — 13.75 m/52 v oOx N Ox (X y ) 2x
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ac=u X o _L[dv_du
ox 0Oy © 2(dx dy
= (=2y)(0) + (=2x)(-2
(=2y)(0) + (-2x)(-2) o, =L (ay-0)
Sax =4x 2
1
e u (0,)oz) = 2x42) = 4 radisee
ox Oy 2
= (=2y)x(=2) + (=x)x(0)
ay =4y 9
e (4 4 4 Chapter- 5
= @)1+ (4y)) Energy Equation and its Applications
13. A.ns: (b) . _ 01. Ans: (¢)
Sol: Given, Ths: streamzfun;:tlon for a potential Sol:  Applying Bernoulli’s equation for ideal
flow fieldis y=x"—y fuid
=9
(I) ' Pl V12 PZ V22
_64) a\v _+Zl+_=_+Z —
u=_2_%¥ pg 2g  pg 2g
ox 0oy
. RL@ P 0
u:%ZG(XT‘y) pg 22 pg 28
i L
T Z pg pg 28 2g
9= Gy Pon 3 s
pg 22 g
[op=[-2yex
¢p=-2xy+c 02. Ans: (c)
Given, ¢ is zero at (0,0) Sol:
o ©) @ —
SoC1 = 0 Sl
S =-2xy 2mm
Sz A 4
14. Ans: 4 @ @
I: Given, 2D — flow fiel ’ P
Sol: Given, ow field Vi _127m . LI
Velocity, V = 3xi + 4xyj 2g pg

u=3x,v=4xy

| ACE Engineering Publications >Hydembad|Delhi|Bhopal|lee|Bhubaneswa.r| Lucknow | Pamna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




L
ll"

W,

L
L

03.

Sol:

-
2
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“
2
V—2:0.203m , &:5.407m szg:Lﬁzﬂ.Mm/sec
2g pg A, 1.96x10
21::21n , ZQZ:OIH

Total head at (1) — (1)
2
= V_l+£+zl
2g pg
=127+25+2=57Tm
Total head at (2) — (2)

= V—; + Lol +Z,
2g  pg

=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 (1) to (2)
Top to bottom flow take place

Ans: 1.5

A= %df =%(0.1)2 =7.85x10 " mm’

A, =§d§ - %(0.05)2 =1.96x10" mm’

2 2
£+V—1+Zl =&+V—2+Zz+hL
pg  2¢g pg 2g

7, =7,, it is in Horizontal position
Since, at outlet atmospheric pressure,
P,=0
Q = 100 lit/sec = 0.1 m*/sec

~Q 0.1

=12.73m/sec

'TA, 7.85%10°

04.

Sol:

3x10°

Pronge (12.73) _ 04 (51.02)
pairxg 2X10 2X10

i:121.53
pair'g
P, =121.53xp,, xg

=1.51 kPa

Ans: 395

Q =100 litre/sec = 0.1 m’/sec
V=100 m/sec; P; =3 x 10° N/m?
V,=50m/sec; P,=1 x 10° N/m>
Power (P)="?

Bernoulli’s equation

2 2
i+V—1+Zl =&+£+Z2 +h,
pg 2g pg 2g

2

100 1x10° 502

+
1000x10 2x10

05.

Sol:

+0= + +0+hy hr
1000x10 2x10

=395m
P=pgQ.he
P =1000 x 10 x 0.10 x 395
P =395 kW

Ans: 51.5
Apply Bernoulli’s equation to pump
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P \%A 0.07x0.011

—+Z,+— + Work in Q= ; 2\/2><9.81><4><103
pg 2g J(0.07) —(0.011)

2 p—
= £+Z2 +V_2 + HLoss AP N 4 kPa’
Pg 2g | _AP_ AP

Where work in = Head raised = 10 m Cw P..g
Since pipes are same size AP 4%10°
Vi=Viyand Z, = 7 “sp.g 0.85x1000x9.81

P ’ _
_1+0+0+10:w+0+0+3 —0.035m3/sec

pg 1000x9.81

P, =(12.23 + 3 -10)xpg
P, = (5.234)(1000x9.81)
=51.33x10° N/m?

=51.33 kPa
06. Ans: 35
Sol:
fluid, S =0.85
T Pressure difference
Between A & B =4 kPa
A A
QTh = 21 2 7 W\ 2gh
Al - Az

A A, 2g(APj

Al

Ar=Z2d>=Z(0.30) =0.07m’
47 4

T TT 2
A, ==d?>==(0.12) =0.011m?
= 2di=2(012)

= 35.15 ltr/sec.

07. Ans: 65
Sol: hgag = 0.30 m
hstat =0.24m

V=c,2gh,,.
V = 1\/2g(hstag - hstat)

=/2(9.81)(0.30-0.24) = 65.09 m/min

08. Ans: 81.5
Sol: x =30 mm
g =10 m/s?

pair = 1.23 kg/m’; ppre = 13600 kg/m’
CcC=1

V=,/2gh,

S
h, = x(?‘“—lj

hy =30x10° 220 4
1.23

hp =331.67m

V =1x4/2%x10x331.67
V =81.5 m/sec
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L (4
09. Ans: 140 04. Ans: 19.6
I: V=1
Sol: Qa =Cd AIA2 \/@ Sol: V 00 m/sec
A7 —A3 U =50 m/sec
1 d=0.1m
Gy F=pA (V-U)
Cone [N F= lOOOx%x 0.1> x (100 - 50)°
Cd i hventure
F=19.6 kN
hyenturi = 140 mm
a 05. Ans: (b)
Chapter- 6 Sol: Fy=paV(V-0)
Momentum equation and its Applications = pa V*
= 1000 x 1 x 10*x 10*=10N
01. Ans: 720
Sol: P=p(g+a)h=p(g+5Sg)h==06pgh 06. Ans: (a)
=6 x 1200 x 10 x 10 =720 kPa Sol:
v
02. Ans: 1600
Sol: S=0.80 v
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 pa V?
F=1600 N =2x 1000 x 10* x 5*=5 x10~ kN
03. Ans: 6000 07. Ans: (d)
Sol: A=0.015m’ Sol: F,=pA(V-u)
V=15 m/sec Power (P))=F, xu=pA(V-u)’ xu
U =5 m/sec
5 F2 = p.Q.V X Vr
F=pA (V+U)
=p.A(V).(V-
F = 1000 x 0.015 (15+5)* p-AV)-(V-u)
F=6000 N
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17 Engineering Publications g dolu
Power (P,) = F, xu = pAV(V-u)u 05. Ans: 1.92
P, pA(V B u)2 “u Sol: p=1000 kg/m’
p_zz PAV(V —u)xu Q = 800 mm*/sec = 800 x (107)’ m’/sec
5 L=2m
:1—%=0.75 D=0.5 mm
P=2MPa=2x 10°Pa
%) h="?
Chapter- 7 p— 128.uQL
Laminar Flow nD*
2 \3
2106 — 128><;,L><800><(13()43) x2
01. Ans: (d) 02. Ans: (d) ﬁ(0-5><10_ )
pn=1.917 millipa — sec
03. Ans: (d)
Sol: Q=A.V,, 06. Ans: 0.75
A, o Vmax Vaax =2V rY
Q= (" Vimax = 2 Vave) Sol: Uy = Upax {1 - (—j ]
R
_m( 40 ) LS :
4\1000) 2 L:I—(Lj
Umax R
= Zx(0.04) x0.75
4 2
- 1[1 {2 ]
-z i><i><§= 3 m’/sec 10
4 100 100 4 10000
= l{l—%} = % =0.75 m/s
04. Ans: 100000
. _—dP _r
Sol: 1=——x2 07. Ans: 0.08
0.1 Sol: Given, p = 0.8 x 1000 = 800 kg/m’
e Ok T
250 = ——XT u=1Poise =10 N-s/m
s 5 d=50mm=0.05m
S P -Pr= 1 x 10° N/m .
velocity = 2 m/s
Reynold’s Number , R, = pVD
u
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L
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08.

09.

Sol:

-
3

Reynolds Number, R = ﬂ
1)
~ 1000x10x107° x10x10™°

0.01x107"
R. =100 <2000
.. Re <2000, hence flow is laminar
32uVL
pgD’
_32x0.01x107"' x10x10~* x10°
107 x10x(10x10°)

For laminar flow, h, =

=0.32m

11.

Sol:

‘EEnginéﬁanub]imﬁons 217 Fluid Mechanics
~ 800x2x0.05 _ 300 10. Ans: 16
B 107! B Sol: For fully developed laminar flow,
("~ Re <2000) .. Flow is laminar, h, :% (.. Q=AV)
For laminar, Darcy friction factor Pe 9
32pf = |L
_ 6464 s . M(Aj _ 32uQL
R, 800 £ paD’ AD’ x pg
ho— 32uQL
.=
Ans: (¢) D2 D? X pg
4
Ans: 0.32 h o %
D
Given: h, D = h,, D!
n=0.01Poise = 0.01x10™" N-s/m’ D
D=10mm=10x 107 m Given, D, = —%
V=10 mm/s = 10x10~ m/sec \ D}
L=1km=1000m By %D, :hfzx(Tj
p = 1000 kg/m’ h, =16h,

. Head loss, increase by 16 times if
diameter halved.

Ans: 5.2
Oil viscosity, p = 10 poise = 10x0.1
=1 N-s/m’

y=50x10"m
L=120cm=1.20m
P=3x10°Pa

Width of plate = 0.2 m
Q=7
Q = A. Ve = (width of platexy)v
P=1Qh, = 12];L;/L

12x1xvx1.20
(s0x10°)

V =0.52 m/sec

Q= AV =(0.2x50x107) (0.52)

= 5.2 lit/sec

3x10° =
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01.

Sol:

02.

Sol:

Mean (or) Average velocity = 2 m/sec

Re = V.D
\%
Re = 2><0.0i§
8x10~
Re = 200 < 2000 (Critical Reynolds’s

number for laminar flow)

.. Type of flow is “Laminar”

: :18: CIVIL - Postal Coaching Solutions
y Engineering Publications g dolu
o 03. Ans: (a)
Chapter- 8 Sol: In pipes Net work, series arrangement
Flow Through Pipes bz fiv:  flQ?
2gd  12.1xd’
Ans: (d) h, :fA.lA.Qj y 12.1xdj,
' h, 12.1xd2  f,l,.Q
v=0.4 cm*/sec = 0.4x10~* m%/sec fo A 55 Qs
d=8cm=8x10"m. Given Iy =1, fa=fs, Qa=Qs
5 5
Lower critical Reynolds number for hi:{ dy J :[ dg J
laminar flow is 2000 he (d, 1.2d,
V.D 5
Re=—7 =(1J — 0.4018 ~ 0.402;
1.2
-2
- Y200
A ' XM locity (V) — 1 my/ 04. Ans: (a)
t =
verage (or) Mean velocity (V) Se¢ Sol: Given,d; =10cm; d, =20 cm
For Laminar pipe flow; Vimax = 2Vay,
fi=f; L=hL=I
=2x1=2m/s =1+ 1= 2l
[ N B B
Ans: (a) & d° d  d¥ 10° 20°
v=8x107"* m2/sec; d=0.08 m
6 3 Sode=11.4cm
Q=32007mx 10~ m’/sec
Type of flow = ?
P W 05. Ans: (b)
Q=AV :
Sol: In parallel pipe arrangement;
6 T
3mmnx10-—z@0§)xv h, = h,

fA'IA'(Qi — fBIBle?»
12.1xd},  12.1xd;,

Given dA :dB ) IA = IB; fA = 4fB
2
(Q_AJ _fy
QB fA

f_B: f_B:\/I:l:()j
f, 4f, 4 2

A
B

Qu_
Q
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()
06. Ans: (d) 09. Ans: (b)
Sol: For parallel pipes Sol: Q=100 m’/sec
h;=h, H=75m
f,x1,xQ> £, x1,xQ} | HP =75 X8l =M _ 450 N
12.0xd’  12.1xd} 5e¢ 5e¢
] 1 HP =750 Watt = 0.75 kW
For given data .
5 Power (Theoretical) = pgQH
2
Q_lzz(ij ~ 1000 x 10 x100 x75
Q@ \d; = 75000000 W = 75000 kW
2 5
0.75 kW =1 MHP
Q =(2_dj =(2) =32
Q, d 75000 kW =—?
75000
Q _ =———=100000 MHP
Q—IZ\@ =42 0.75
2
10. Ans:
07. Ans: (c) 0. Ans: () .
Fluid power
3 Sol: Mpump= ————
Sol: d.= (n)é d Mpump Shaft power
30= (2)%5d Mo = PEQH+HC)
pump
-~ d=2273cem Patan
Select near higher size i.e. 25 cm Given H=10m
Q=0.1 m’/sec
08. Ans: (b) hy=5m
Sol: Power transmitted by the pipe, 1= 1000x10x0.1x (10 +5)
P = pgQ(H-hy) Pstun
For maximum power transmission, the "+ Pshart = 15000 W = 15 kW
condition is hg= a
3 11. Ans: (¢)
H 2H Sol:
P=pgQ (H——j =pgQ—
3 3
—V —V,
=1000x10><1x(2x%j /
3 d, /
=660 x 10° Watt = 660 kW d;
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Given d2 = 2d1

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

A ARA
2g vV,

By continuity equation,
Q=AIVI=AV;

2 2
VA (4 _(lj
"V, A, \d, 2

2 2
- Y2(0-1)
2g 4

hL:

9 V!
L= X

16 2g
b _9
Vi 16

12. Ans: (b)
Sol: K =2 x 10’ N/m’
Given p = 965 kg/m’

9
C= E:1/2“0 = 1440 m/sec
p 965

13. Ans: (b)

Sol: Pipes are in parallel

hie=h, =h,
L.=175m
f,=0.015

feLeQZ — fALA(QZA _ fBLB(QZB

121D~ 121D}~ 12.1D}

0.020x150xQ3 _ 0.015%200xQ;
12.1x(0.1) 12.1x(0.08)’

Qa=1.747 Qg --——--- (11)
From (i) Q. =1.747 Qg + Qs

Q. =2.747 Qp -------- (iii)
0.015x175(2.747Q, ) _ 0.015x200xQ},
12.1x D} 12.1x(0.08)°

D~=116.6 mm =~ 117 mm

summit
B
—
ﬂ h ,
vheight Head
R I z ‘ difference
C
Fig. Siphoning Action
()

Chapter- 9
Elementary Turbulent Flow

01. Ans: (b)

Sol:
A constant stress layer exists in the near
wall region. Due to the damping of the
vertical velocity fluctuations near the wall,
the Reynolds stress term will become
negligible and we find that a linear velocity
profile exists. This is only true for the very

near wall region.
02. Ans: (d)
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Fluid Mechanics

03. Ans: 2.4

Sol: Given: V=2m/s
£=0.02
Vinax = ?

Vinax = V(1 + 1.434/F)
=2(1+14370.02)
=2x12 =24m/s

04. Ans: (¢)

Sol: Given data:
D=30cm=03m

Re = 10°
£=10.025
Thickness of laminar sub layer, 6’ = ?
5 = 1 1.?\/
\Y

Where V' = shear velocity = V\E

v = Kinematic viscosity

Re = VD
\Y
V.D
SVE —
Re
11.6><E
S = Re
v
8
5 = 11.6xD

&
T

11.6x0.3

10° [0.025
8

0s.

Sol:

06.

Sol:

=622 %107 m =0.0622 mm

Ans: 25

Given:
L=100m
D=0.1m
hi=10m
=7

For any type of flow, the shear stress at
-dP R

X_

dx 2

wall/surface T =

_ pgh, R

L 2
.- pgh, D
L 4

_ 1000x9.81x10 0.1

100 4

=24.525 N/m?*=25 Pa

Ans: 0.9

k=0.15mm; 1=4.9N/m?
v = | centi-stoke

k 0.15x107°

5 (11.6><VJ
V*
T

Vi= |[-e= ﬂ =0.07 m/sec
p \ 1000

v =1 centi-stoke
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0.15x107° 08. Ans:20%
T11.6x10° 0905 Sol: Since, Discharge decrease is associated
0.07 with increase in friction.
07. Ans: 480 %=— xdEQ: [—%}
Sol: Given:
d=5cm=0.05m :2{_w}
Flow rate m= & kg/sec Q
i=0.001 N-s/m*, p = 1000 kg/m’ % =2x[-09]=-18
f, = 64 for laminar df =—1.8 xf
Re, :

fp=0.316 Red_o'25 .... for turbulent
g =10 m/sec’

r'n:pAV:pxgxdsz

n:lmmxgmﬂﬂzxv

V =1.6 m/sec
Re — pVD _ 1000x1.6x0.05
1) 0.001
= 80000 > 2000 (Rep)

.. Flow is turbulent
5 f5=0316 Ryp *%

=0.316 (80000) "% = 0.0187
Pressure drop (P —P,) =hs x pg

fLV? fLV?p
= xpg =
2gD 2D

_0.0187x1x(1.6)" x 1000
2x0.05
=478 Pa/m =~ 480 Pa/m

friction factor increased by 20%

09. Ans: 68.35
Sol: Power lost per one km length = y,,Qhg
2
h, - f/Q :
12.1d

36
=——=0.6m"/sec
Q 60

1 R
——=2log (—j-i- 1.74
’_4f’ 10 K

1 300
——=2lo — |+1.74
a5 gm( 3 J

417 =0.03

f=4f =0.03

B ~0.03x1000%0.6>

c - =11.61m
12.1x0.6
Power = y,,Qh¢
=081 x0.6x11.61

=68.35 kW
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Ry (Y
O oc \/;
Chapter- 10 Sa _ | X
Boundary Layer Theory B (x, +1)
X = 2_ | %
3 X, +1
01. Ans: (¢)
Uoo Xcri ica i = XI
Sol: R, yica = —111 9 x+1
critical
Assume water properties 53X =4=x=80cm
6XX ..
5 critical
310 == s 04. Ans: 1.5
Xeritical = 0.08333 m = 83.33 mm Sol: t=pd%
dy
02. Ans: 1.6 (Newton’s law of viscosity)

Sol: 6 b (At given distance ‘x’)

R,

S _ R,
62 116:1
S, _ 256 _16 _, ¢
J, 100 1
03. Ans: 80
Sol: e S
, A:2C1'I] SB:3C1’1’1
,’/ A B
% 2077
) X 2 I m "
f— i+ 1) —>

05.

Sol:

d y
=u—,|u_x1.5=
T“d(m sj

y
T=UXU ><15><l
X Um X 1. S
T=1.5uu—m
o
r=K—uum
o

By comparing, K =1.5

Ans: 2
1

T —

L_ X
T, X

T
L=y4=2
T,
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06. Ans:3 08. Ans: 21
U y du
Sol: —== e =yl —
U o Sol: 1t u(dyj
8*
—=? We know that v._U
0 5 y
. J-Os(l_ u j dy On differentiating
u, U
T:usm
(-3)
=||l-=|dy
v)U
0 8 T = (f; ) (pu=pv)
2 3 atx=L
S N S ’
280 2 2 :1.226><0.15><17(3) X6=0.015N/m2
7.33x10
u u
0= Ou_(l_u_de T—lz ﬁ = Tyl = /iL/zj
T, VX, Txan L
oy Yy
= =|1-=1|d
0 8( 8) Y Tx=L/2 :\/ETX:L
v v s 8 8 =+/2x0.015N/m’ =21 milli Pa
28 38| 2 3 6
Shape factor = 3 _ 8/2 _ 09. Ans: 22.6
6 d/6 1
Sol: Drag force, Fp = 5 Cp.p-Aprj. U2
07. Ans: 7.33 B=15m,p=12kgm’
U_L
Sol: R, _)=—"— L=3.0m, v=0.15 stokes
U, =2 m/sec
R )= UL __ 6x1 — =4x10°
0.15x10 R, ==bo 23400
Sil’lCC, Re(x:L) <5 x 105 M 0.15x10
Hence, C - 1.328  1.328 2.09%10°
D - - - .
Kx 4.64L  4.64x1 VR, V4x10°
=7.33mm

§_

VR, VR, a0’

X

D.F, Fp =%><2.09x10_3 x1.2%(1.5%3)x 2”

= 22.57 milli-Newton
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()
10. Ans: 1.62 02. Ans: 4.56
. AV?
Sol: m=pAU, =p(Bx8)U, (.-8=L) Sol: Fp = Cp. P
Mab = Mbec+ Med E(D)2 x V?
. 1 ) 1 W = 0.8 X12 X
Mpe = Emab = EP(B X 8).UOO
(Note: A = Normal (or)
_1 -3
—5x1.2x1x1.5x10 x30 projected Area = %Dz)
= 1.62 kg/minute 2
80 x 9.81 = 0.8x1.2x (D) x 1L
4 2
Q SD=456m
Chapter- 11
Force on Submerged Bodies 03. Ans: 0.054
Sol: Given data:
V=8m/s
01. Ans:8 D =0.06 m
Sol: Drag power = Drag Force x Velocity p=1.2kg/m’
P=FpxV v=1.6x10" m¥/sec
2 W=2?
P=Cox P VD 8x0.06
R, = ~= =222 —3000
PocV? v  1.6x10"
3
Pl Vl
—= < For flow over sphere; Cp = 0.5
P2 V2
1000 <R < 1x10’
P 3
;:(ij W =Fp
P, 2V )
AV
P, =8P W = Cpx 2
1.2x 7(0.06)° x (8)’
W =0.5x
2
W=0.5x%x0.108 =0.054 N
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04. Ans: 4
[MJ(L X d)V2
Sol: Given data: _ 9% 9.81
|=0.5km=500m ' 2
d=125cm ,
_ 13.4 5
Viwing = 100 km/hr L2x| oo (500x 0.0125) 100 x 9
Vair = 13.4 N/m’ : 5
v=1.4x10" m?s
=39524 N=4kN

Cp =12 for R, > 10000

Cp=1.3for R, <10000

R _VL_{ 18

Y 1.4x107°

Note: The characteristic dimension for

electric power transmission tower wire is “L”

R, =992 x10°> 10,000
. Cp=12

pAV?
2

FD = CDX

05. Ans: C34=0.1262 & C, =0.144
Sol: Given data:
Wkite =2.5N
A=1m’
0 =45°
T=25N
Vwind = 54 km/hr

= 54><i =15m/s
18

Resolving forces horizontally
Fp = Tcos45°

pAV?

Cpx =25 x cos45°
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()
07. Ans: 0.1875
(g JY .
9.81 Sol: Given:
=25x
2 2 Fp =300N
- Cp=0.126 p=0.8 x 1000 = 800 kg/m’
Resolving forces vertically L=2m
FiL = Wiiee + Tsind5® D =80 mm = 0.08 m
2
CPAVT ) 5+ 25inds° V=3 mis
2 Cp = coefficient of drag
12.2 2
Col ooy (DAY E,=Cp 2V A
9.81 25 D D
=25+ —=
2 V2 800 x 5
~CL=0.144 300 = Cj, x x(0.08)x (2)
06. Ans: (a) = Cp=0.1875
Sol: Given data:
Cp, =0.75C,, (25% reduced) 08. Ans: (¢)
Drag power = Drag force x Velocity
) B CDpAVZ 09. Ans: 60
P=FpxV = xV Sol: Area = 45 m*
B DAV’ Velocity = 5.6 kmph = 1.56 m/s
P =Cpx 2 Osea water = 1.025

Keeping p, A and power constant

CDV3 = constant = C
CDl

3
Y
2 Vl

Cp

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

v=1.67x 10" m%s

Cp=0.7

Power required =?

Drag power = Drag force x Velocity

CLpAV? y
2

~0.7x1025%(1.56)°

2
=60.766 kW

v

x 45
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Ry (Y
10. Ans: 318 03. Ans: (d)
Sol: Width=3m Sol: Q=AV
Height = 0.8 m :BxyleMS”z
Velocity = 50 kmph = 13.89 m/s n
= 1.25 kg/m’ IBXyle2/3SI/2
Cp=1.1 n
Dras f . C,pAV? =R =y — For wide rectangular
rag force F=—"——
channel Q o y**
_ 1.1x1.25x3x0.8x13.89” s
B 2 Q _ [&T
=31833N QW
5
Q, (1.25y, )
o X2 _| 220
Q y
Chapter- 12 1 1
Open channel Flow Q45
Q
01. Ans: (b) Q2=1.45Q
It is increased by 45%
02. Ans: (b)
Sol: Q;=15m’/sec, y=1.5m 04. Ans: (¢)
S, = L,if S, = b
1690 1000 05. Ans: 24.33
Then Q, =? Sol:
Qe \/g 2m . 4m 2m
Q._f5 | / o
Q, S, : :
4m
L Tavg = YRS
Q, _ [1000 A
Q, 1 R=2
1690 P

Q,=1.3x15=19.5m’/s

A:2x(éx2x2j+4x2
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()
_ 2
=2x2+4x2 =12m Izhm
P=4+2yJ2*+2° LV
P=I=h — | =h(1.15
~9.66m (){\/gj (1.15)
12 p
R= =1.24m —=1.15x3=3.46 (3 sides are equal
9.66 o ( qual)
Tavg = 9810 x 1.24 %0.002 Rectangular:
=24.33 N/m’ P=b+2h=2h+2h=4h( b=2y)
L
06. Ans: (d) h
Sol:
Triangular: 07. Ans: 0.37
Sol:
A=y (b+my)
h
A=2am
y

Triangle

P = 2 (Inclined portion)

P=2I=2hVl+m’ ( I=h«/1+m2)

—2h1+1°
= 2h42
P

o= 242 =2.83

Trapezoidal: Efficient trapezoidal section

is half of the Hexagon for which all sides

N/

Trapezoidal

are equal

From (I) & (II)
y=1519m

p= MY )y
b+ 2my

CEe

r \/g_D

F. =037
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08. Ans: (a) 10. Ans: (¢)
Sol: Alternate depths Sol: F,=5.2 (uniform flow)
y1=04m The ratio of critical depth to normal
=1.6m
72 ] ) depthh =?
Specific energy at section =? Y
vi + q’ —y, + q’ Note: The given two depths y. & y, are not
bo2gyl 77 2gy? alternate depths as they will have different
2 2 specific energies.
N G SR —
2x9.81x0.4 2x9.81x1.6
2 2
qz[ L1 j=1.6—0.4 F=Y sp=r =9[4
3.1392  50.22 \Eey gy gy y
q*(0:298)=12 () _a® ey _w
q’=4.02 (F) e, a W
—h 3
az2m/sm Y A 9
2 37 2 - 2/3
El — yl + q 5 Yn (Frc) Yn (Frc)
2gy; y /
) Ze = (527 =3
2 y
Ei=04+————=1.68m "
2x9.81x0.4
09. Ans: (b) 1. Ans: (c)
Sol: Rectangular channel

Sol: Depth=1.6 m
Specific energy =2.8 m

2 2
E =|y +Y = 28-1.6+—"
2g 2x9.81
V =4.85m/s
PV
Jey
4.85
. = —=—==1.22 > 1 (Supercritical)
+9.81x1.6

Alternate depths y;= 0.2, y,=4m

E| =E, ("." alternate depths), F. =

v
JeD

1 2g 2 2g
Fr? Fr?
%ﬁiﬂﬂ**ﬁ}
1+E
Yi_| 2
y2 1_|_F7r12
2
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()
2 2 2
1+4— E2:y2+V—2:1.6+ 2.2 =1.846 m
Y 2 2x9.81
Y, 0.2° _ B
1+ 2318=1.846+AZ = AZ=0.47m
pis 22 +01§4 =8.8 14. Ans: (¢)
+0.
Y2 Sol: F>1 LL,
B, <B; B
12.  Ans: (d) ©>q ! B,
Sol: Triangular channel 7
H:V=1.5:1
Specific energy =2.5 m Supercritical
g .3 — Yor===/"7 Q@
c - 4y° F>1] v V2 YiF-A--- qi
A ,
gEC =Y.
As Potential energy (y) increases then
Ye = 2m . .
s s kinetic energy (v) decreases
2 2
A
gm 9.81x1.5 .
. ‘y’ increases and ‘v’ decreases.
Q=18.79 m’/sec
15. Ans: (a) L,u‘%
13. Ans: 047 Sol: Q= 3m’/s N ;é
Sol: E|=E;+ (Az) B;=2m,D=12m Wh
12 77777
| =A2= L) =2.5m/sec
! X Width reduce dto 1.5 m (By)
Ay = (b2 + myy)y, = (1.8 + 1x 1.6) 1.6 Assume channel bottom as horizontal
=5.44m’ B, —E,
V2=&:£:2.Zm/sec y +V—12=y +V_22
A2 5.44 1 2g 2 2g
RV (P )
El—y1+2—g—2+m—2.318m Vl — Q — 3 :l.zsm/sec
By, 2x12
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voQ 3 2
B,y, L5xy, vy,
2
2
12 2] \ya)
x9.81 2x9.81
127=y, +——"
2T 1962
2
1.27:y2+0—2
Yy,

y;(1.27)=y3 +0.2
ys —127y2+02=0

y2=1.12m

F
" J9.81x1.2| /gD

_ 125 {V <1}=O.364<1

Approaching flow is sub critical. If
approaching flow is sub critical the level at

water falls in the throat portion.

16. Ans: (d)
Sol: Rectangular Channel
y1=1.2m
Vi =2.4m/s
AZ =0.6m
E =y, +V—12 =12+ (2'4)2 =1.49m
2g 2x9.81

—_
v
AZ =0.6m
T I

Q=24x12=288m’/s/m

Assuming channel width as constant, the

critical depth

1
2 13
y. = { Q } =0.94m

gB’
Critical specific energy for rectangular
channel Ec = %yc

E, =%(0.94)=1.41

We know for critical flow in the hump
portion E; = E; + (AZ) = Ec + (AZ)c
= 1.49=1.41+ (AZ)c
5 (AZ)c=0.08m
If the hump provided is more than the
critical hump height the u/s flow gets
affected.
(or)
Fr, = Vi 24
Jey,  +9.81x1.2

= 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.
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()
2 2
\z +V—1: Y, +V—2+AZ
, , 2g 2g
Yi[TTTT7 E
... Sub-critical Vi=V,
Y1
Super critical According to continuity equation
Qi =Q
v AVi=A Vs
E=y +—
2g A1 = Az
T Bay1 =Baya
El =y Y (1) 4x0.9 = 3xy3
1 Y2 = 1.2m
=E.+ ided.
Also E, =E; + (AZ) provided —
=141+0.6 09=12+AZ
=2.0lm AZ=-03m
2.88°
.'.2.01=y}+¢2 o
2x9.81xy; Negative indicates that the hump assumed
Solve by trial & error is wrong infact it is a drop.
for y,>1.2m
18. Ans: (a)
Sol: Given:
17. Ans: (¢) Top width =2y
Sol: B;=4m 1
B,=3m AreaZEXbxh
(U/S)y1=09m 1
=—x2yxy
Ei = Ex+AZ 2 i
A= y2
L I y
4m E Wetted peri
Im etted perimeter
?7..
73 P =y’ +y =y42
0.9m V2 (Both sides) total wetted perimeter

o™

(P) :ﬁ_y +\/§.y=2 \/E.y
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Hydraulic mean depth

®)=A= =

P 2«/§y_2x/§

Y = ya(say)
Using Mannings formula

Q _ A.l.(R)2/3.(S)1/2
n

1 2/3
{y“ } (0.001)"2

02=y> ——
" 0.015| 242

1 1

2/3
1 1/2
- X 0.001
y¥3 " 0.015%0.2 {2\/5} (0.001)

1/2
y*? =0.2x0.015x (2\/5)“{;}

0.001
(v,)”* =0.189

y, =(0.189)""*
yn=0.54 m

) 1/5
critical depth(y ) = {2Q }

g
(for triangle)
2x022]"
C={ 98.1 } =0.382m

yn>ye (0.54>0.38)
.. mild slope
If (actual) depth at flow = 0.4m =y
Y,>y>y.[0.54>0.4>0.38]
.. Profile is M,

19. Ans: 4.36x 107
Sol:

15m

~. Discharge, Q =29 m’/sec

Area of rectangular channel, A =15 x3 =

45 m’

Perimeter, P=15+2x3=21m

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

.. The basic differential equation

governing the gradually varied flow is

dy _S,-S;
d |, QT
gA’
dy
d_: Slope of free water surface w.r.t to
X

channel bottom

N

Velocity of flow V = Q_2
A 45
=0.644 m/sec
.. By Chezy’s equation
Velocity, V=C,/RS;

0.644 = 65,/2.142 xS,

S;=4.589 x 107°
1

S, =——=2x10"*
5000
2 2
Q E: 29 le ~0.0141
gA®  9.81x4
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cdy _2x10™" -4.589x107 2 Vs
Cdx 1-0.0141 Y, =(98J =0.74 m
=1.5631 x 10°* '
-~ 1
.'.Sozsw+ﬂ V_y
dx !
S\ water surface slope with respect to 2 - l}’i/ 3gl2
horizontal Yo D
g —g -4 2L y25(0.0004)
Y0 dx y, 0.012
=2x10"-1.563 x 107 ya=111m
Sw=4.36x 10" Yn > Ye
Hence the water surface will have a depth
1toy.
dy/dx equal to y,
ye =0.74 m
20. Ans: (a) 23. Ans: (d)
Sol: y Sol: g=2 m%/sec
ya=15m;yp=1.6m
L AE =0.09
A ) 1
________ NDL o= ——
2000
Steeper mild . 00 fgel T "-- DL Sf =0.003
E
K Ax = AE_ - 0.09 _ 36m
Se=S 10,003
21. Ans: (d) 2000
22.  Ans: 0.74 24.  Ans: (d)
. Gi - _ 3
Sol: Free fall 2" profile Sol: Givenq; =Q/B =10m’/s
vi =20 m/s

23
Critical depth, y_ = {q—J
g

C o =410
SLy1=—=—=05m
AT

We know that relation between y;and y; for

hydraulic jump is
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Sol:

26.

Sol:
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‘,,EngmeenngPubhcauons g Solu
ﬁ—l[—leSFrf] zé[—1+w/l+8(8.5)2}
Y1
V 20 =11.5m
Fr1 = L — =
Jey,  /9.81x0.5 y,=11.5y,
Y, 2
_25‘_[‘”“*8)‘(9-03)} (a) y, =11.5(0.3)=3.45 ,
) b)y, =11.5(02)=23m fromoptions
y2=6.14m (b)y, =11.5(0.2)=2.
y1=0.2, y2=23m
Ans: (¢) (or)
Q= 1m’s AE = 5m
=0.5m
o )
2 4y,y,
3
As it is not a rectangular channel, let us %:
work out from fundamentals by equating DY
specific force at the two sections. (10-5Y1 )3 =230y,
2 - 2 - 1157.625 y, =230
{Q— + Az} :{Q— + Az} Vi
gA . L8A ) yi=02m
2 2 y2=11.5(0.2)
s cyix L= ! Syix _
9.81xy;, 3 98ly; 3 y2=23m
1 ys
0.449 = +22 )
981}’; 3 27. Ans: 1.43
Sol: y=12m
y2=1.02m
V. +V =4gy,
Ans: (b) Vw
Given:

Head = 5Sm = (AE)
Froud number = 8.5
Approximate sequent depths =?

y—z—l[—l+1/1+8F§]

y, 2

—V,

Uls D/s
V1 =4/981x1.2-2
V=143 m/s
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()
In this problem if the wave moves t, \/L_
downstream the velocity of wave is ¢ Vo
p
V, -V, =
w 1 gy, . (.10
Ve =deyi +V, " JL. /25
=+/9.81x1.2+2=5.43 m/s t, = 50 min
28 A b 29, A 08. Ans: (a)
+ Ans: (b) - Ans: (©) Sol: Vp=10m/s dia=3m
Vi =5m/s, Fn=50N, Fp=2?
Acc to Froude’s law:- F. =L
Chapter- 13 ‘ ‘ T
Dimensional Analysis (But L, is not given)
F
PocpV?=—
P A
01. Ans:(c) 02. Ans:(b)  03. Ans: (b) pAV’=F | Reynolds law
04. Ans: (¢) 05. Ans: (¢) i
Now scale ratio:
06. Ans: (a) Fo _Va An, Pu
2
Sol: L. :% FE v Ap Py
50 (1Y (5Y ) .
—=|—| x|—| \A=L") (."same fluid
Qp=1024; Qun="7? F, (10) (10} ( ) ( )
bt Q, 16
Q e 09. Ans: (a)
Q_p:(gj Sol: L =100 m
3 V, =10m/s,
Qm=1m/sec
Lo
25
07. Ans: (b) As viscous parameters are not discussed
Sol: According to Froude’s law

T -

follow Froude’s law

Acc to Froude

v, =L,
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2
Vo _ | L 29 _ (0.51.5)2)
v, 25 9.81
=2.71
Vm_lx10=2m/s i
3 q 3/2
(lr = —m = Lr
45
10. Ans: (¢) NV
Sol: L,=1:25, F=5N, F,=? d,, :(gj xq, =0.1 m’/s/m
F_m — L3r
FP
13. Ans: (¢)
Fp,=78.125kN ) )
Sol: For distorted model according to Froude’s
law
11. Ans: (a) 1
1 Q =L,Ly
Sol: L, =—
100 Ly =1:1000,
am=0.013 Ly =1:100
B _(L)s Qm=0.1m%s
p Qr_ 1 X(L]WZ _E
a = 2n__ 0013 1000\ 100 Q,
’ 1
(Lr )6 (100) QP = 105 m3/S
a, =0.028
14. Ans: (a)
qm = 0.1 m’/sec i Q,
Sol: L :l =9 q, =
r qP * L
9 32 H
4 = (Lv) 32
yp1=05m, yp=15m q e L, Ly
=7 =7 a, [moj "
24y Qp = qmx100 =Ly
_—_r . + m
g oo 01y +2p) ~0.1x1000 =10 L

2

2q

22 —0.5x1.5%(0.5+1.5)

9.81
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()
15. Ans: (b) @
L a
Sol: L, :L, T, =—4 Chapter .14
150 JLy Turbomachinery
1
L,=—
Y60
01. Ans: 1000
T, 1 460 -
T ZEXT Sol: T = Moment of momentum of water in a
' turbine = Torque developed = 15915 N-m
Tin=0.0516x Tp Speed (N) = 600 rpm
The actual time interval between two 27NT

Power developed =

successful high tides in a sea — 12 hour 24

min _ 2xmx600x15915
Tp = (12x60) + 24 60
= 744 min =1000 x 10> W = 1000 kW

02. Ans: 4000

Tm=0.0516 x 744 = 40 min
Sol: Q=150 m"/sec

H=75m
16. Ans: (d)
= N Turbine = 0.8
Sol: Froude number = Reynolds number.
P P
A% 0.0894 NTurbine = shaft _ shaft
Pwater ng(H - hf)

If both gravity & viscous forces are

important then 0.8 = Pan
(L )3/2 1000x9.81x50(7.5-0)
Vr = T
. Pahatt = 2943x10° W = 2943 kW
Voo
v =L =%HP=4000HP
p 0.736
L,=1:5
03. Ans:1
Sol: We know that
_ nDN k, . 2gH
60

Where D = diameter of wheel

N = speed of turbine = 600 rpm
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H = Head available of pelton wheel
turbine = 300 m

. TXDx600 _ ) 41 5%9.81x300

60
D=10m
04. Ans: (b)
05. Ans: (b)
Sol: P=8.1 MW = 8100 kW
H=8Im
N =540 rpm
Specific speed Ng = N—\/?
()
_ 540x+/8100
(81
_ 540x90 100
243

60 < Ng < 300 (Francis Turbine)

06. Ans: (a) 07. Ans: (b) 08. Ans: (a)

09. Ans: (d) 10. Ans: (d)

11. Ans: 1000

Sol:

12.

Sol:

Given N, = 500 rpm

D, _1
D, 2
We know that

S|

Given H is constant

Nu Dy
N, D,
N

L om=)
500

Ans: 72
Given P; = 100 kW

H; =100 mand H, =81 m
We know that

),

100 P,

- (100)3/2 - (80)3/2

P, =71.55 kW = 72 kW

.. New power developed by same turbine

=72 kW
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