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DE TAILED EXPL ANATIONS

1.1.1.1.1. (c)(c)(c)(c)(c)

Liquid B

+ +

P1 P2

x

h

X ′X

Liquid A

Taking point X and X ′ and equating the pressure on both sides

P1 + (h + x) × 0.88 × 9.81 × 103 = P2 + x × 0.88 × 9.81 × 103 + h × 2.95 × 9.81 × 103

⇒ P1 + h × 0.88 × 9.81 × 103 + x × 0.88 × 9.81 = x × 0.88 × 9.81 + P2 + h × 2.95 × 9.81 × 103

⇒ P1 – P2 = h(2.95 × 9.81 – 0.88 × 9.81) × 103

860 = h(2.3067 × 103)

42.35 × 10–3 = h

h = 42.35 mm

2.2.2.2.2. (d)(d)(d)(d)(d)

Stable equilibrium condition

z

V

M

G

B
Fluid Level

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

Given: ψ = 2y(x2 – y2)

Since, v = ( )( )2 22y y
∂ψ ∂= −
∂ ∂

x
x x

v = 2y (2x) = 4xy

and, u = ( )2 22 ( )y y
y y

−∂ψ −∂= −
∂ ∂

x

u = –[2y (–2y) + (x2 – y2)· 2]

= 4y2 – 2x2 + 2y2

= 6y2 – 2x2
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Thus, velocity field is

V
�

= ˆˆu vj+i

V
�

= ( )2 2 ˆˆ6 2 4y y j− +x i x

4.4.4.4.4. (c)(c)(c)(c)(c)

∴ V =
2

4

Q Q
A d

=
π ⇒ 

9

2 2 6

4 4 880 10
4.48m/s

0.50 10

Q

d

−

−
× ×= =

π π × ×

We know, Q =
4

128
pD

L
π ∆

µ

⇒ µ =
4

128
pD
Q L

π ∆
 = 

6 4 12

9

10 (0.5) 10

128 880 10 1

−

−
π × × ×

× × ×

µ = 1.74 × 10–3

5.5.5.5.5. (c)(c)(c)(c)(c)

Recritical = 2000 = 
VD VDρ=
ν µ

2000 = 2

950 0.15

8 10

V
−

× ×
×

V = 1.123 m/s

Head loss =
–2

2 2
32 32 8 10 1.123 300

950 9.81 0.15
VL

gD
µ × × × ×=

ρ × ×

= 4.113 m ⇒ Maximum difference in oil elevations.

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

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

Sensitivity =
1 1

2
sin sin30

= =
θ °

9.9.9.9.9. (b)(b)(b)(b)(b)

As for laminar flow,

Boundary layer thickness (δ) ∝ 
1
Re

As the free stream, Speed ↑↑, δ↓↓

For turbulent flow,

Boundary layer thickness (δ) ∝ 1/5

1

(Re)
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As the free stream velocity ↑ ↑, δ↓↓  and it also depending on the kinematic viscosity δ↑↑ as kinematic
viscosity (ν) ↑ .

10.10.10.10.10. (b)(b)(b)(b)(b)

For parallel pipes, head loss through the pipe is equal,

hf1
= hf2

⇒
2

1 1 1

12
f LV

gd =
2

2 2 2

22
f L V

gd

⇒ 
500 (0.5)

2 9.81 0.35
0.3 800

× × × ×
×  = 2

2V
2

1 0.5 m
2
V
g

 
=   

⇒ V2 = 2.674 m/s

Discharge through pipe 2,

Q = A2V2

= 2 3(0.35) 2.476 0.2573 m /s
4
π × =

11.11.11.11.11. (d)(d)(d)(d)(d)

1 2

dD
d
D = 0.6

Applying Bernoulli’s equation across the orifice,

2
1 1

12
P V

h
g g

+ +
ρ =

2
2 2

22
P V

h
g g

+ +
ρ

1 2P P
g

−
ρ =

2 2
2 1

2
V V

g
−

From continuity equation,

A1V1 = A2V2

⇒ D2V1 = d 2V2

V1 = (0.6)2V2

⇒ V1 = 0.36V2

3

3
43.5 10
10 g

×
×

=
2 2
2 2(0.36 )

2
V V

g
−

⇒ 2
2V = 99.954

V2 = 9.997 m/s

Qtheoretical = Aorifice × V2
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=
2

620
10 9.997

4
− π × × × π 

= 9.997 × 10–4 m3/s

Discharge coefficient, cd =
4

act
4

theoretical

3 10
9.997 10

Q
Q

−

−
×=

×

= 0.3

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

Volume of cube = a3

a 3 = 125 × 10–3 × 10–3 m3

⇒ a = 5 × 10–2

⇒ a = 0.05 m

F = p × A

Pbottom = patm + h1g ρoil + h2ρwater g

= 101325 + 0.5 ×  0.8 ×  1000 × 9.81 + 0.3 × 1000 × 9.81

Pbottom = 108192 N/m2

F = Pbottom × A = 108192 × 0.052  = 270.48 N

T = Upthrust – W

= 125 × 10–6 × 1000 × 9.81 – 125 × 10–6 × 0.77 × 1000 × 9.81

= 0.282 N

13.13.13.13.13. (c)(c)(c)(c)(c)

u =
y

∂ψ
∂

u = 2x2 + (x + t) 2y.

∴ for face OB, x ⇒ 0

uOB = 2t y

Discharge through OB

∴ QOB =

2 2

0 0
·5 2 ·5OBu dy ty dy=∫ ∫

At t = 1

QOB = 20 units

∴ V = 24 y y
∂ψ  − = − + ∂

x
x

At y = 0

V = 0

∴ QOA = 0

∴ QAB = QOB + QOA
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= 20 + 0

= 20 units

14.14.14.14.14. (d)(d)(d)(d)(d)

V2 =
6

22

1.13 10
1 m/s

(0.0012)
4

Q
A

−×=
π ×

�

2
1 1 1

12
P V

z
g g

α
+ +

ρ
=

2
2 2

2 22 f
P V

z h
g g

+ α + +
ρ

hf =
2

2 2
1 2 2

V
z z

g
α− −

⇒ hf =
2(2)(1)0.6 0

2 9.81
− −

×
 = 0.5 m

hf = 2

32 VL

gD

µ
ρ

⇒ 0.5 =
× µ × ×

× 2
32 0.3 1

9000 0.0012

⇒ µ = 6.75 × 10–4 Pa-s

15.15.15.15.15. (c)(c)(c)(c)(c)
µ = 0.97 poise = 0.097 Ns/m2

ρ = 0.9 × 998 = 898.2 kg/m3

m� = mass rate of flow = 
100
30

 = 3.333 kg/s

Q = Volume rate of flow

=
3.333
898.2

⇒ 3.711 × 10–3 m3/s = 3.711 L/s

Area of flow = A = 2(0.1)
4
π

 = 0.007854 m2.

U =
33.711 10

0.007854

−×
 = 0.4725 m/s

–∆P = 2
32 UL

D
µ

 = 2

32 0.097 0.4725 10.0

(0.1)

× × ×

–∆P = 1467 Pa

16.16.16.16.16. (b)(b)(b)(b)(b)

ReL =====
UL
v

 =  =  =  =  = 5

1.75 5

1.475 10

×
×

ReL = 5.932 × 105

Cf =
1/5

0.074

ReL

 = 
5 1/5

0.074

(5.932 10 )×
 = 5.183 × 10–3
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Drag force on one side of the plate,

Fd = 21
area

2fC U× × ρ

=
2

3 (1.75)5.183 10 (1.8 5) 1.22
2

−× × × × ×

Fd = 0.0871 N

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

∵  Continuity equation holds,

∴ 2(5) 2
4
π × × = 23

4
π × × x

x = 5.55 m/s
Mass flow rate

⇒ m� = ρ∫ 1 1
m

AV
�

 = 
π× × ×21000 0.05 2
4  = 3.9269 kg/s

Let fx and fy be the force in Right and vertically upward directions respectively to hold the box in position.
∴ Now, Σfx = 0 [Box is stationary after applying force]

1cos65m V f− × ° + x� = 2 cos0m V− × °�

–3.9269 × 2 × cos 65° + fx = –3.9269 × 5.55 × 1
fx = –18.475 N.

fx must be in left as fx comes out to be negative.
Similarly for vertical direction Σfy = 0

fy – 3.9269 × 2 × sin 65° = 0
fy = 7.11 N

∴ It is towards vertically upward direction.

18.18.18.18.18. (a)(a)(a)(a)(a)

Gauge pressure at the upper end of the gate

= 80 + 0.9 × 9.81 × 4 – 100

= 15.316 kPa

Gauge pressure at the lower end of the gate

= 80 + 0.9 × 9.81 × 6 – 100 = 32.974 kPa

F

15.316 kPa

32.974 kPa

1 2

Using pressure diagram

For equilibrium,
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Net moment about the hinge = 0

M1 + M2 = F × 2

( )1 2 2
32.974 15.316 2 4 2 15.316 2 4

2 3 2
 × − × × × × + × × ×    = F × 2

On solving F = 108.352 kN

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

For dynamic similarity,

(Re)m = (Re)p

⇒
m

VD ρ
 µ 

=
p

VD ρ
 µ 

⇒
1000 3 0.15

0.001
× ×

= 5
1.2 2
1.7 10

V
−

× ×
×

V = 3.187 m/s

For dynamic similarity,

CD will be same.

2
D

m

F

AU

 
  ρ 

= 2
D

p

F
AU

 
  ρ 

⇒
2 2

5

1000 (0.15) 3
4
π× × ×

=
( )221.2 (2) 3.187

4

PF
π× × ×

FP = 1.203 N

20.20.20.20.20. (d)(d)(d)(d)(d)

τ1 = shear stress at bottom

µ2

µ1
x V

a x – 

= 1
V
x

µ ×

τ2 = shear stress at top = 2
V
a x

µ
−

drag force = (τ1 + τ2) × A = FD

= FD = 1 2V VA
x a x

µ µ × + − 

DdF
dx = 0 = 1 2

2 2( )
V V

x a x
−µ µ

+
−

 ⇒ 1 2
2 2( )x a x

µ µ
=

−

a – x =
2

1
xµ

µ

⇒
1

1 2

a µ
µ + µ = x
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21.21.21.21.21. (c)(c)(c)(c)(c)

Given: u = 2xy2, v = 3 xyt

ax =
2 22 2 3 4u v uu v y y yt y

x y t
∂ ∂ ∂+ + = × + ×
∂ ∂ ∂

x x x

At (1, 1) and t = 1s, ax = 2 × 2 + 12 = 16 m/s2

ay =
22 3 3 3 3v v vu v y yt yt yt y

y t
∂ ∂ ∂+ + = × + × +
∂ ∂ ∂

x x x
x

At (1, 1) and t = 1s, ay = 6 + 9 + 3 = 18 m/s2

a = 2 2 2 2 216 18 24.08 m/ sya a+ = + =x

22.22.22.22.22. (a)(a)(a)(a)(a)

(1) u = x2 cosy
v = –2x sin y

Continuity equation

u y
y

∂ ∂
+

∂ ∂x = 0

= ( ) ( )2 cos 2 sin
u y y
x y

∂ ∂
+ −

∂ ∂
x x

(2x)cos y – (2x)cosy = 0
hence satisfy the continuity equation.
(2) u = x +  2

v = 1 – y
Continuity equation

u y
y

∂ ∂
+

∂ ∂x = 0

= ( ) ( )2 1 y
y

∂ ∂+ + −
∂ ∂
x

x
= 1 – 1 = 0

hence satisfy the continuity equation.
(3) u = xyt

v = 3 2

2
t

y−x

Continuity equation
u v
x y

∂ ∂+
∂ ∂

= 0

= ( )
2

3

2
y t

yt
y

 ∂ ∂+ − ∂ ∂  
x x

x
 = yt – yt = 0

(4) u = ln(x + y)

v =
y

y −x
x
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Continuity equation

u v
y

∂ ∂
+

∂ ∂x
= 0

= ( ) y
n y y

y
∂ ∂  + + −  ∂ ∂
l x x
x x

= 
1 1

0
y

+ − ≠
+

x
x x

Hence, does not satisfy continuity equation.

23.23.23.23.23. (c)(c)(c)(c)(c)

Stream function and velocity potential : For a two dimensional, incompressible, irrotational flow, the velocity
field can be expressed in terms of both ψ and φ.

u = ; ;  and  = v u
y y

∂ψ ∂ψ ∂φ ∂φ− = + = − −
∂ ∂ ∂ ∂x x

v

According to irrotationality condition,

v u
y

∂ ∂−
∂ ∂x = 0

⇒                     
2 2

2 2 0
y

∂ ψ ∂ ψ+ =
∂ ∂x

According to continuity equation,

u v
y

∂ ∂+
∂ ∂x = 0

⇒                     
2 2

2 2 0
y

∂ φ ∂ φ+ =
∂ ∂x

In a flow net, equipotential lines and streamlines are mutually perpendicular to each other.

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

1.2 m

0.6 m

r

0.6 m

Original volume of
Cylinder = πr2h

V1 = πr2 × 1.2
Volume of liquid spilled out

=
1
2

 πr2 × h

V2 =
1
2

 πr2 × 0.6
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∴ 2

1

V
V

=

2

2

1
0.6 12

41.2

r

r

× π
=

π ×

25.25.25.25.25. (b)(b)(b)(b)(b)

V1A1 = V2A2

( )25 0.1
4
π× = ( )2

2 0.05
4

V π×

⇒ V2 = 20 m/s

50 mm

Nozzle

100 mm

Pipe
1

1

2

2

From force balance in x-direction

P1A1 + Rx – P2A2 = ρQ(V2 – V1)

⇒ Rx = ρQ(V2 – V1) + P2A2 – P1A1

= ( ) ( ) ( ) ( )2 23 3 21000 0.1 5 20 5 100 10 0.05 500 10 0.14 4 4
π π π× × − + × × − × ×

Force required to hold the nozzle,  Rx = – 3141.6 N

26.26.26.26.26. (c)(c)(c)(c)(c)

From force balance at point of contact,

θσ3

Solid

σ2

Liquid

σ1
Air

σ1cos(180 – θ) + σ3 = σ2

or cos(180 – θ) =
2 3

1

σ − σ
σ  = – cosθ

∴ σ1 = 0.0720 N/m (liquid and air)

σ2 = 0.0418 N/m (liquid and solid)

σ3 = 0.0008 N/m (air and solid)

cosθ =
0.0008 0.0418

0.072
−

 = – 0.56944

θ = 124.7°

27.27.27.27.27. (a)(a)(a)(a)(a)

Difference between stream function

(∆ψ) = Discharge per unit width
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∆ψ =

/2 /2 2

max 21
h h

o o

yUdy U dy
h

 
= −   

∫ ∫

=
3 3

max max2 223 24
y h hU y U
h h

   
− = −   

      

=
max

max
1 111

2 12 2 12
U hhU  − = ×  

= 2100 48 11
2200 mm / s

2 12
× × =

28.28.28.28.28. (a)(a)(a)(a)(a)

(Re)critical = 2000 = 
VD
ν

⇒ V =
42000 0.0098 10

0.098 m/ s
0.02

−× × =

Now, f =
64 64

0.032
Re 2000

= =

u* = ( )230.032
0.098 6.198 10

8 8
f

V −= × = ×

τwall = ρu*2 = 1000 × (6.198 × 10)–3 = 0.0383 Pa

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

ReL ≤ 2000

⇒
VDρ
µ ≤ 2000

⇒
2

1

(0.92 1000) (10 10 )

0.9 10

Q
A

−

−

× × × ×

×
 ≤ 2000

⇒ Q ≤
1

2

2000 0.9 10

(0.92 1000) (10 10 )

A−

−
× × ×

× × ×

⇒ Q ≤ { }2101.95652
4 100
π× ×

⇒ Q ≤ 0.015366 m3/s

⇒ Q ≤ 15.36 � 15.4 L /s
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30.30.30.30.30. (b)(b)(b)(b)(b)

20 cm D 10 cm

(2)

(1)

10 m

dx

For the elemental length dx, head loss

dhfx =
2 2

2
52

2
4

fd v fQ d
gD

g D

=
π  ×  

x
x

x x

Where, Dx =
( )0.2 0.1 2 0.1 20

0.2 or
10 10 100

 − − − − =     

x xx

Hence, dhfx = ( )

10
2

5
100.08263

20
fQ d× ×

−
x

x [f = 0.02, Q = 0.05 m3/s]

= ( )5
41313

20

d

−

x

x

Total head loss, hf = ( )
10 10

5

0

41313 20fdh d−= × −∫ ∫x
x

x x

= ( )

10

4

0

1
41313 0.968 m

4 20

 
 × =
 − x


