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DE TAILED EXPL ANATIONS

1. (d)1. (d)1. (d)1. (d)1. (d)
u = λxy3 – x2y

v = 2 43
xy y

4
−

For incompressible flow,

u v
x y

∂ ∂+
∂ ∂

= 0

u
x

∂
∂

= λy3 – 2xy

v
y

∂
∂

= 2xy – 3y3

λy3 – 2xy + 2xy – 3y3 = 0
⇒ λ = 3

2.2.2.2.2. (b)(b)(b)(b)(b)

For laminar boundary layer over a flat plate

τ =
ρ 2

2f
vC

where Cf =
0.664

eR x

⇒ τ ∝
1
x

⇒
τ
τ

1

2
∝ 15

3.3.3.3.3. (a)(a)(a)(a)(a)

4.4.4.4.4. (d)(d)(d)(d)(d)

In case of parallel connection, head loss remains same for all the pipes.

∴ hf 1 = hf 2

⇒ ×
π

2
1

2 5
1

8Q fL

g D = ×
π

2
2

2 5
1

8Q fL

g D

where Q1 and Q2 are discharges in smaller and larger diameter pipe respectively

Since, f and L are equal for both the pipes,

∴
2
1
5
1

Q

D =
2
2
5
2

Q

D

Here, D1 = 20 cm

and D2 = 35 cm

∴
1

2

Q
Q =

   =     

5 5
1

2

20
35

D
D  = 0.2468 ≈ 0.25
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5.5.5.5.5. (b)(b)(b)(b)(b)

Let L, B, H be the length, breadth and height of rectangular tnak.

H

B

L

L : B : H = 2 : 1 : 2

Hydrostatic force on the bottom of tank,

F1 = (Pressure at bottom) × Area

= ρgH × LB

Hydrostatic force on vertical surface

F2 = (Average pressure) × Area

= ρ ×1
2

gH LH

∴
1

2

F
F =

ρ

ρ 21
2

gHLB

gH L
 = 

×= =2 2 1
1

2
B

H

6.6.6.6.6. (a)(a)(a)(a)(a)

ψ = 2xy

∵ u = ∂ψ−
∂y

= –2x

v =
∂ψ
∂x

 = 2y

At (2, –2),  U = 4, v = 4

∴ V
�

= 2 2 4 2u v+ =

7.7.7.7.7. (c)(c)(c)(c)(c)

q
Q =

1 1 1
40 9 9

×

⇒ Q = 1080 lps

8.8.8.8.8. (b)(b)(b)(b)(b)

Q = 5/28
2 tan

15 2dC g H
θ 

  

∴
Q

Q
∂

=
5 5

4 10%
2 2

H
H
∂

= × =
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9.9.9.9.9. (b)(b)(b)(b)(b)

In pipe, limiting Reynolds is 2000. (Re ≤ 2000) In general.

f =
64
Re

f =
64

0.032
2000

=

10.10.10.10.10. (d)(d)(d)(d)(d)

Displacement thickness, δ∗∗∗∗∗ =
2

2
0 0

1
u ydy dy
U

δ δ    ⋅ = −     δ ∫ ∫  = 
3

2
0

2
3 33

y
y

δ  δ δ− = δ − = 
δ 

11.11.11.11.11. (a)(a)(a)(a)(a)

For pipes in series

5

L

d
= 31 2

5 5 5
1 2 3

LL L

d d d
+ +

⇒ 5

6000

d
= 5 5 5

1000 2000 3000

(0.2) (0.4) (0.6)
+ +

⇒ d = 0.282 m or d = 282 mm

12.12.12.12.12. (d)(d)(d)(d)(d)

hL =
2Q f1

12.1D5

m
•

= ρQ

900
60

= 0.9 × 103 × Q

∴ Q = 0.0167 m3/sec

Re =
VD VDρ =
µ ν

V = 2

Q 4Q
A D
=
π

hL =
ν ν π× = × = × ×

2 2 2 2

5 5 5
64 LQ 64LQ 64LQ D
Re VD D 4Q12.1D 12.1D 12.1D

hL =
ν

4
LD

4.15
D

8 = 4

4 400 0.0167 0.0002
3 D

π × ××

D = 0.1622 m
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13.13.13.13.13. (d)(d)(d)(d)(d)

Maximum head available at the outlet of the pipe = H – hf

=
2 2 400

266.67 m
3 3 3
H H

H
×

− = = =

∴ Maximum power available = ( )fQg H hρ −

=
1000 9.81 0.2 266.67

1000
× × ×

 kW = 523.2 kW

14.14.14.14.14. (a)(a)(a)(a)(a)

Equating pressure at interface level,

PA + ρ0 g(0.15) = ρHg g(0.1)

where ρ0 is density of oil and ρHg is density of mercury

⇒ PA + (0.85 × 103) × g × 0.15 = (13.6 × 103) × g × 0.10

⇒ PA = 12090.825 N/m2

= 12.09 kN/m2

15.15.15.15.15. (b)(b)(b)(b)(b)

Reynold’s number, Re =
ρ
µ
Vd

=
× × ×0.8 1000 2.8 0.25

1.5

= 373.33 < 2000

So, flow is laminar.

For laminar flow through circular pipe,

Shear stress at wall, τ0 =
−∂ −∂   =   ∂ ∂   2 4

R P D P
x x ...(i)

1

1

2

2

Flow D

From Hagen-Poiseuille’s equation,

−∂
∂

P
x =

− µ  =  
1 2

2

32P P u
L D

...(ii)

Putting (ii) in (i), we get

τ0 =
µ 

  2
32

4
D u

D

=
µ × ×=8 8 1.5 2.8

0.25
u

D
 = 134.4 Pa
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16.16.16.16.16. (b)(b)(b)(b)(b)

Let Q be the initial discharge.

Diameter, d = 0.55 m, Length, l = 1.75 km = 1750 m

30 m

875 m

(1) (2)

(3)

875 m 875 m

Before addition of pipe, hf =
π

2

2 5
8f Q

gD
l

... (i)

⇒ 30 =
( ) ( )
( ) ( )

×

π ×

2

52

8 0.04 1750

9.81 0.55

Q

Solving, Q = 0.51 m3/sec
After addition of pipe, hf = hf1 + hf2 ... (ii)
Where, hf 2 is Head loss in pipe 2, hf 3 is Head loss in pipe 3

Also, hf2 = hf3

∴
2

2 2

22
f v
gD
l

=
2

3 3

32
f v
gD
l

v2 = v3

Also, let Q′ be the final discharge

Now, Q′ = Q2 + Q3 [∵ Continuity equation]

∵ Q2 = Q3 [∵ V2 = V3, A2 = A3]

⇒ Q2 =
′

=3 2
Q

Q

Substituting values in (ii)

hf =
( )′′

+
π π

22
21

2 5 2 5
1 2

8 / 28 f Qf Q
gD gD

ll

30 =
 ′× × ′ +  π × ×  

2
2

2 5
8 0.04 875

49.81 0.55
QQ

Solving, Q′ = 0.65 m3/s

% increase =
′ − −× = ×0.65 0.51

100 100
0.51

Q Q
Q

 = 27.45%

17.17.17.17.17. (d)(d)(d)(d)(d)

Given, θ = 60°

Distance, AC = =
°

2
sin60 3

h h



© Copyright : www.madeeasyprime.in

11CE • Fluid Mechanics

The gate will start tipping about hinge B if the resultant pressure force acts at B. If the resultant pressure
force passes through a point which is lying from B to C anywhere on the gate, the gate will tip over the
hinge. Hence for the given position, point B becomes the centre of pressure.

Depth of centre of pressure,

h* = (h – 3) m ...(i)

But h* is also given by, h* =  
θ
+

2sinG h
Ah

I

Taking width of gate unity, then

Area, A = AC × 1 = 
2 × =1;

23
h hh

IG =

 ×  ×  = =

3

3 3
2

1
1 3

12 12 12

h
bd AC

= =
× × ×

3 38 2

12 3 3 9 3

h h

h* = × +
×

3 22 sin 60
2 29 3

23

h h
h h

⇒ h* =
×

+ =
3

2

3
2 24

2 39

h h h

h
...(ii)

From (i) and (ii)

h – 3 =
2
3
h

⇒ h = 9 m

∴ Height of water required for tipping the gate = 9 m

18.18.18.18.18. (d)(d)(d)(d)(d)

1 and 3 are correct

A submerged body becomes unstable if the centre of gravity is above the centre of buoyancy. While a
floating body may remain stable even if centre of gravity is above the centre of buoyancy so statement 2
is wrong.

For a submerged body if the centre of gravity coincides with the centre of buoyancy, the equilibrium is
said to be neutral stability so statement 4 is wrong.

19.19.19.19.19. (b)(b)(b)(b)(b)

For rough pipe,
1
f =

 
+ 

 
102log 1.74

s

R
k

= −
  + = × 10 3

0.302log 1.74 8.09
0.20 10
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f = 0.015

τwall = ρ
2

8
f V

where, V = Vavg = = =
π × 2

0.64
2.264 m/s

0.6
4

Q
A

∴ τwall =
× × =

2
21000 0.015 2.264

9.61 N/m
8

20.20.20.20.20. (a)(a)(a)(a)(a)

Discharge ratio, Qr = ( )=
3/2

h v
m

r r
p

Q
L L

Q

=
 × =  

3/21 1 1
625 36 135000

∴ Qp =
γ
= ×0.025 135000mQ

Q

= 3375 m3/s

21.21.21.21.21. (c)(c)(c)(c)(c)

d1 = 30 cm

∴ a1 = 2 2 230 706.86 cm 0.070686 m
4
π
× = =

d2 = 15 cm

∴ a2 = 2 2 215 176.71 cm 0.017671 m
4
π
× = =

Specific gravity of oil, So = 0.9

Specific gravity of mercury,

Sg = 13.6

Differential manometer reading,

x = 30 cm

∴ h = 1 2
1 2 1g

o

Sp p
Z Z

g g S

    
+ − + = −      ρ   ρ   

x

= ( )13.6
30 1 30 15.11 1

0.9
 − = −  

= 30 × 14.11

= 423.33 cm of oil = 4.23 m of soil

Cd = 1.0  (since losses are zero)
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∴ Discharge, Q = 1 2

2 2
1 2

2dC a a
gh

a a
×

−

⇒ Q =
2 2

(1) (0.070686) (0.017671 2 9.81 4.23

0.070686 0.017671

× × × × ×

−

⇒ Q = 0.1663 m3/s = 166.3 l/s

22.22.22.22.22. (b)(b)(b)(b)(b)
In order to apply the hydrostatic relation for the air pressure calculation, the density of fluid X must be
found. Neglecting the buoyancy of the air on the upper part of the block, then

0.6 γ water V = γx (0.75 V)
γx = 0.8 γwater

= 0.8 ρwater g
= 0.8 × 1000 × 9.81
= 7848 N/m3.

The air gauge pressure may then be calculated as
0 – γx (0.4) = Pair

Pair = – 7848 × 0.4 = – 3139.2 Pa

23.23.23.23.23. (b)(b)(b)(b)(b)

For circular cylindrical jet of liquid,

∆P =
σ
R

⇒ R =
−σ ×=

∆

373 10
40P

= 1.825 × 10–3 m = 1.825 mm

∴ Diameter = 2R = 1.825 × 2 = 3.65 mm

24.24.24.24.24. (a)(a)(a)(a)(a)

From Bernoulli’s equation, we have

2
1 1

2
p V
g g
+

ρ =
2

2 2

2 c
p V

h
g g
+ +

ρ

⇒
4 214 10 1.6

1000 9.81 2 9.81
×

+
× ×

=
4 212 10 6.4

1000 9.81 2 9.81 ch×
+ +

× ×

⇒ hc = 0.0816 m

Now, hc =

22
2 1

1
2 c

V
g C
 

− 
 

⇒ 0.0816 =

22
2 1

1
2 c

V
g C
 

− 
 

⇒ 0.0816 =

226.4 1
1

2 9.81 cC
 

− ×  

⇒ Cc = 0.835 � 0.84
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25.25.25.25.25. (d)(d)(d)(d)(d)

Velocity, V =
3100 10

27.78 m/s
3600
×

=

Reynolds number, Re =
V
ν
x

where x is the distance upto which laminar boundary layer exists.

∴ x =
5 5Re 1.49 10 3 10

27.78v

−ν × × ×
=

= 0.161 m

Thickness of laminar boundary layer,

δ =
50.161 1.49 10

5 5
27.78v

−ν × ×= ×
x

= 1.47 × 10–3 m = 1.47 mm

26.26.26.26.26. (a)(a)(a)(a)(a)

The volume of the air before and after the rotation must be the same. Recognizing that the volume of a
paraboloid of revolution is half of the volume of a circular cylinder of the same radius and height.

The height of the paraboloid of revolution is determined as:

π × 0.162 × 0.02 = ( )21
0.16

2
hπ ×

∴ h = 0.04 m

Using equation, z =
2 2

2
r

g
ω

⇒ 0.04 =
2 20.16

2 9.81
× ω

×

⇒ ω = 5.54 rad/s

The pressure, on the bottom as a function of the radius r is p(r) which is given by

p – p0 = ( )
2

2 2
12

r rρω
−

where, p0 = 9810 × (0.22 – 0.04) = 1765.8 Pa = 1766 Pa

So, p =
2

2 21000 5.54 1766 15346 1766
2

r r×
+ = +

This pressure is integrated over the area to find the force

= ( )
0.16

2

0
15346 1766 2r rdr+ π∫ = 157.8 N
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27.27.27.27.27. (d)(d)(d)(d)(d)

As shown in figure, if the depth of immersion is x, then

L 
2

x
x
2

G

B

O
D

L

Buoyant force = weight of solid cylinder

⇒
2

1.0
4
D π ×  

x =
2

0.6
4
D

L
 π ×  

×

⇒ x =
0.6 3
1.0 5

L L  =  

So, OB =
3

2 10
L=

x

Since, BM =
V
I

where, I =
4 2 23 3

;
64 4 5 20
D D D

V L L
 π π π= × =  

⇒ BM =
4 2

2

20 5
64 483

D D
LD L

 π × = π 

and, BG = 3
2 10 5
L L

OG OB L − = − =  

For neutral equilibrium,

BM = BG

⇒
25

48
D

L
=

5
L

⇒
2

2

L

D
=

25
48

⇒
L
D

=
5

4 3
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28.28.28.28.28. (a)(a)(a)(a)(a)

Buoyant Force (FB) = Drag Force (FD) [Neglect weight of the bubble]

3

6
d π γ   = 3πµVd

⇒ µ =
2

18
d
V

γ
∴ ν = 

2

18
gd

V
µ =
ρ

⇒ ν =
3 2

3

9.81 (10 )

18 8 10

−

−
×

× ×
 = 6.8125 × 10–5 m2/s � 6.813 × 10–5 m2/s

29.29.29.29.29. (a)(a)(a)(a)(a)

Local acceleration =
2

2 1
2

V
t L

∂  = −  ∂
x

at t = 3s and x = 0.5m

⇒
V
t

∂
∂

=
2

20.5
2 1 0.945m/s

2 0.8
 − =  ×

Convective acceleration =
V

V
∂
∂x

 = 
2 1

2 1 ·2 2 1
2 2 2

t t
L L L

     − − −          
x x

=
324

1
2

t
L L

 − −  
x

at t = 3s and x = 0.5m

Convective acceleration =
324 3 0.5

1
0.8 2 0.8
×  − −  ×  = –14.623 m/s2

Total Acceleration = (Local + Convective) Acceleration

= 0.945 – 14.623 = – 13.68 m/s2

30.30.30.30.30. (a)(a)(a)(a)(a)
D1 = 150 mm

A1 = 2 2(0.150) 0.01767 m
4
π
× =

D2 = 300 mm = 0.3 m

A2 = 2 2(0.3) 0.0707 m
4
π
× =

Q = 0.25 m3/s

V1 =
1

0.25
14.15 m/s

0.01767
Q
A

= =

V2 =
2

0.25
3.536 m/s

0.0707
Q
A

= =

Loss of head due to enlargement is given as:

he =
( )2 2

1 2 (14.15 3.536)
2 2

V V

g g

− −
=  = 5.742 m of water


