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T1 : Solution

(74 N/m)(74 N/m)(74 N/m)(74 N/m)(74 N/m)

Pi – Po = 3
2

0.25 10−
σ

×

 σ = 74 N/m = 74 N/m

T2 : Solution

(5 × 10(5 × 10(5 × 10(5 × 10(5 × 10–3–3–3–3–3 Ns/m Ns/m Ns/m Ns/m Ns/m22222)))))

τ =
du
dy

μ

0.5
1

=
1

0.01
μ ×

μ = 5 × 10–3 N-s/m2

1 Fluid Properties1
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T1 : Solution

(283.33) (283 to 284)(283.33) (283 to 284)(283.33) (283 to 284)(283.33) (283 to 284)(283.33) (283 to 284)
ρo = 760 mm of Hg

=
760

13.6 1000 9.81
1000

× × ×  = 101.396 kN/m2

Pressure at mountain, P = 735 mm of Hg

=
735

13.6 1000 9.81
1000

× × ×  = 98.060 kN/m2

Let h = Height of the mountain from sea level
P = po – ρ × g × h

h =
101396 98060

1.2 9.81
oP P

g
− −=

ρ ×
 = 283.33 m

T2 : Solution

(c)(c)(c)(c)(c)
Absolute = Local + Guage

= 91.52 + 22.48 = 114 kPa

T3 : Solution

(d)(d)(d)(d)(d)
HA + hASA – (hA – hB)S1 + (hA – hB)S3 – hB SB = HB

HB – HA = hASA – (hA – hB) (S1– S3) – hBSB

1 Fluid Statics2
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T1 : Solution

(0.4)(0.4)(0.4)(0.4)(0.4)

u = ( )0.5 0.2A
θ θ=

−x x

u
t

∂
∂

= ( )
1

0.5 0.2 t
∂θ×

− ∂x

at (x = 0),
∂
∂
u
t

= = 20.2
0.4 m/s

0.5

T2 : Solution

(((((φφφφφ = 3 = 3 = 3 = 3 = 3x22222yyyyy –  –  –  –  – yyyyy33333)))))

∂ ψ ∂ φ+
∂ ∂x

2 2

2 2y
= 0 [Irrotational]

u =
y

∂ψ−
∂

   ⇒  u = 6xy

∂φ
∂x

= 6xy   ⇒ φ = 3x2y ...(1)

v = 2 23 3y
y y

∂ψ ∂φ= − =
∂ ∂

x

φ = 3x2y – y3

Hence, [φ = 3x2y – y3 + c]

1 Fluid Kinematics3
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T1 : Solution

(b)(b)(b)(b)(b)

H = 21
sin

2
U t gtθ × −

dH
dt

= sinU gtθ −  or 
sinUt
g

θ=

Hmax =
2

sin 1 sin
sin

2
U U

U g
g g

⎛ ⎞ ⎛ ⎞θ θθ = −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 = 12.4 m

T2 : Solution

(5.407)(5.407)(5.407)(5.407)(5.407)

L = 2 m, V1 = 5 m/s, 1P
gρ

 = 2.5 m of liquid

v2 = 2 m/s

hL =
( )25 2

0.35
2g
−

 = 0.16 m

Apply Bernoulli equation,
2

1 1
12

P v
z

g g
+ +

ρ
=

2
2 2

22 L
P v

z h
g g

+ + +
ρ

2.5 + 1.27 + 2 = 2 0.203 0.16
P
g

+ +
ρ

2 5.407m of  fluid
P
g

⎡ ⎤=⎢ ⎥ρ⎣ ⎦

1 Fluid Dynamics and Flow
Measurement4
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T1 : Solution

(950)(950)(950)(950)(950)
θc = θw + θ0

= 0.15 + 0.05 = 0.2 m3/s

Ac = Area of pipe c = ( )20.564
4
π

Average velocity through, c =
( )2

0.2

0.564
4
π  = 0.8 m/s

Mass flow rate at ‘c’

cm� = ρwθw + P0θ0

= 1000 × 0.15 + 0.05 × 800 = 190 kg/s

ρc =  
190
0.2

 = 950 kg/m3

1 Flow Through Pipes5
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T2 : Solution

(6.86)(6.86)(6.86)(6.86)(6.86)

ΔP =
22fL u

D
ρ

1 × 106 =

0.25
20.6 900

2 0.049 1000 900
0.025

0.6

v
v

−× ×⎡ ⎤× × ×⎢ ⎥⎣ ⎦

v = 2.541 m/s

Q =  ( )22 0.6 2.541
4 4

D v
π π= ×

= 0.71845 m3/s
Since flow rate is same.

( )20.4
4

v
π

= 0.71845

⇒ v = 5.717 m/s

Again, ΔP =
( ) 0.25 22 0.079 Re L v

D

− ρ

ΔP = 6.86 × 106 N/m2 = 6.86 MPa
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1 Laminar and Turbulent Flow6

T1 : Solution

(i) 0.75,(i) 0.75,(i) 0.75,(i) 0.75,(i) 0.75, (ii) 70.7 mm(ii) 70.7 mm(ii) 70.7 mm(ii) 70.7 mm(ii) 70.7 mm

maxu
u

 = 2, 
1.5
4

 = 2

u = 0.75 m/s

Radius at which u  occurs

u = ( )∂− −
μ ∂

2 21
4

P R r
u

 = →

u =
⎛ ⎞⎛ ⎞⎜ ⎟− ⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

2

max 1
r

u
R

Solving r = 0.0707 m = 70.7 mm
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T2 : Solution

(32.588)(32.588)(32.588)(32.588)(32.588)

hf =
μ

ρ 2
32 uL

gD

Power required = W × hf

w = Weight of oil flowing per sec
= Density × g × Q

Power required =  
μρ × ×

ρ
l

2
32 v

g Q
gD

∴ u =
( )

×=
π 2
0.01 4

Area 0.1

Q
 = 1.273

Power =
× × × ×

2
0.01 32 0.8 1.273 1000

0.11
 = 32.588 kW
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1 Dimensional Analysis and
Boundary Layer Theory7

T1 : Solution

(20000)(20000)(20000)(20000)(20000)

Ratio =
2 2

2 2
m m m

p p

L V

L v

ρ
× ×

ρ

M

p

F
F

=
2 21 5

1
10 10

⎛ ⎞ ⎛ ⎞× ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

50

PF
=

1
100 4×

FP = 50 × 400 = 20000 N

T2 : Solution

(0.5)(0.5)(0.5)(0.5)(0.5)

As δ  ∝ 
1/2
1

Rex
 for laminar, flow

and Rex =
·V v=

ν ν
x x

Rex ∝ velocity

1

2

δ
δ

=
2

1

Re
Re

⇒
3

2

1 10−×
δ

=
4000
1000

δ2 =
31 10

2

−×
 = 0.5 × 10–3 m = 0.5 mm
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1 Forces on Sub-Merged
Bodies8

T1 : Solution

(0.081) mm(0.081) mm(0.081) mm(0.081) mm(0.081) mm
As in stokes law regime

vt =
( )2

18
p f

f

dp gρ − ρ

μ
...(i)

Re = 1 = 
vdρ
μ

, v = 
d
μ

ρ
...(ii)

Putting (ii) in (i)

air

aird
μ

ρ
=

( )air

air18
wdp gρ − ρ

μ

μa = 1.5 × 10–8 × 1.3

dp
3 = ( )

2
air

air

18

w a g
μ

μ ρ − ρ

dp
3 =

( )
( )

2518 1.5 1.3 10
1.3 1000 1.3 9.81

−× × ×
−

⇒ dp = 0.0813 mm
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12 Chemical Engineering • Fluid Mechanics

T2 : Solution

(865) (864 to 866)(865) (864 to 866)(865) (864 to 866)(865) (864 to 866)(865) (864 to 866)
Let total volume of body is v,
Balancing forces, we get
700(0.45v)g + 1000(0.55v)g = ρb × v × g

ρb = 865 kg/m3
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1 Pump and Compressors9

T1 : Solution

(b)(b)(b)(b)(b)
Given, l = 4 km = 4000 m

d = 0.2 m
f = 0.01

V = 2 m/s
h = 5 m

hf =
2 20.01 4000 (2)

2 2 9.81 0.2
f V

gd
× ×=

× ×
l  = 40.77 m

Head produced by the pump,

H = h + hf

= 5 + 40.77 = 45.77 m of water

Absolute discharge pressure at the pump exit

pabs = ρgH + patm

= 1000 × 9.81 × 45.77 + 101325

= 5.503 × 105 Pa = 5.503 bar

T2 : Solution

(40)(40)(40)(40)(40)
Q = 4 × 10–3 m3/s

(Power = ρg × hp × Q)
1.6 × 103 = 1000 × 10 × hp × 4 × 10–3

hp = 40 m
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