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Q.2

Q.3

Q.4

Q.No. 1to Q.No. 10 carry 1 mark each
The velocity components in the x and y directions

3
are given by u = Axy3 — x2y & v = xy? _Zy4'
The value of A for a possible flow field involving
an incompressible fluid is

(a) 2

4
© 3

In laminar boundary layer over flat plate the ratio
of shear stresses 1, and 1, at two sections 1 and
2 at distance from leading edge such that x, =
15 x,, is given by

@ 5 (b) V15
1
(© N (d) 15

Match the dimensionless numbers given in

column A to their expressions indicated in column

B. (Using usual notations)
Column A

A. Froude’sNumber 1.

B. Mach Number 2.

C. Euler Number 3.

D. Weber Number 4,

(@]
Sr5l< &< Sl S 8
3
3
o

Codes:

A B C D
(a) 1 2 3 4
)4 2 1 3
©3 1 2 4
@2 1 4 3

Which one of the following statements relating
to vortex flow is INCORRECT?

Q.5

Q.6

Q.7

Q.8

Q.9

(@) In the formation of free vortex flow,
streamlines are asymmetric and irrotational.

(b) Inaforced vortex flow, work transfer between
the fluid and the surrounding takes place and
the flow is rotational.

(c) In a free vortex flow, radial motion towards
the core takes place due to variation of depth
of water in the whirlpool or due to the difference
of pressure resulting from higher velocity near
the core.

(d) In a free vortex flow, there is no variation of
energy from streamline to streamline and
irrotationality is not deviated from near the
core.

Uniform flow of a real fluid takes place in a
horizontal pipe of diameter D. If p, and p, are
the pressures at the upstream and downstream
sections of a stretch of length L of the pipe, the
boundary shear stress 1, could be expressed
by the momentum equation as 1, =

2 D

(a) (M—pg)n% (b) (91—,02)1
41 D
© (Pr-p2) (d) <Dﬂ-P2>p—gL

If w= 2xy, the magnitude of the velocity vector
at (2, -2) is

(@) 42
(c) -8

(b) 4
(d) V2

A model of a weir made with horizontal scale of
1/40 and vertical scale of 1/9 passes a discharge
of 1 Ips. The corresponding discharge in the
prototype would be
(@) 10.81Ips
(c) 1080Ips

(b) 108 lIps
(d) 10800 Ips

In a triangular notch, there is an error of 4% in
observing the head. The error in the computed

discharge is
(@ 4% (b) 10%
(c) 6% (d) 2.5%

In limiting condition of laminar flow in a pipe, the
minimum friction factor will be

(a) 0.036 (b) 0.032

(c) 0.045 (d) 0.022
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Q.10 Displacement thickness for velocity profile

2

2oL Wh S i inal
U 5 is ____. (Where 3 is nomina
boundary layer thickness.)
3
=5
()8 (©) 3
) 2
— )
© 3 @ 3

Q. No. 11 to Q. No. 30 carry 2 marks each

Q.11 Three pipes of lengths 1000 m, 2000 m and 3000

m and diameters 200 mm, 400 mm and 600 mm
respectively are connected in series. These pipes
are to be replaced by a single pipe of 6000 m.
The diameter of this single pipe is

(@) 282mm (b) 301 mm

(c) 196 mm (d) 252mm

Q.12 A 400 m long horizontal pipe is to deliver 900

kg/min of oil (specific gravity = 0.9,
kinematic viscosity = 0.0002 m?/s). If the head
loss is not to exceed 8 m of ail, the diameter (in
metre) of the pipe is

Take friction factor for laminar flow, f = 2—4}
e

(@) 0.1782
(b) 0.4368
(c) 0.3280
(d) 0.1622

Q.13 A pipe of diameter 400 mm and length 4000 m

is used for transmission of power by water. The
total head at inlet of pipe is 400 m. The
discharge through the pipe is 0.2 m%s. The
maximum power available is

(a) 528.2 kW

(b) 632.6 kKW

(c) 261.6 kW

(d) 309.6 kW

Q.14 A cylindrical process reactor is made of heavy

construction and contains two liquids A and B as
shown in figure below. There is an air space of
200 mm above the top free surface of liquid B. In
a certain process, the air pressure changes from
5 atm to 45 atm. Assume that there are no
changes in the temperature and in the
dimensions of the tank. Given, the bulk modulus
of elasticity of liquid A is 2.2 x 10° Pa and of

liquid B is 1.44 x 10° Pa. The drop (in mm) in
the top free surface of liquid B is

Air 200 mm

Liquid B 400 mm

Liquid A 600 mm

(@) 2.231mm (b) 1.672mm
(c) 2.462mm (d) 1.478 mm

Q.15 The mass density at a certain great depth from
the surface of ocean where the pressure is
stated to be 80MPa. Consider density at
surface, p = 1250 kg/m3 and bulk modulus of
of elasticity = 2500 MPa.

(@) 1332kg/m? (b) 1500 kg/m?
(c) 1290 kg/m? (d) 992 kg/m?

Q.16 The stream function y = 4xy in which  is in
cm?/sec and x, y are in meters, describes the
incompressible flow between the boundary as
shown in figure below.

The convective acceleration at B is
x 1076 cm/s2.

(a) 42.91 (b) 48.41
(c) 56.24 (d) 50.59

© Copyright: MADE ERASY
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Linked Answer Q.17 and Q.18

A jet of water with velocity V, as shown in figure and
area of cross-section A, enters a stream of slow moving
water in a pipe of area A, and velocity V,. The two
streams enter with the same pressure P,. After
thoroughly mixing in the pipe, the stream emerges as
a single stream with velocity V, and pressure P,
Assume there are no losses in the flow. [Take V, = 20
m/s, V, =10 m/s, A, = 0.01 m? A, = 0.02 m?, density
of water p,, = 1000 kg/m?]

% 77 77 7

—i—» V2 —E—»

—t —_—
: [
N - A,

A 1 vy —V
— V: —
K NN N N T -
(a) (b)

Q.17 Value of kinetic energy correction factor is
(@ 1.13 (b) 1.33
(c) 1.73 (d) 1.83

Q.18 The pressure difference (P, - P.) is
(@) 37.125kPa (b) 43.315kPa
(c) 47.235kPa (d) 53.165kPa

Q.19 A rigid pipe conveying water is 3000 m long.
The velocity of flow is 1.2 m/s. The rise of
pressure caused within the pipe due to valve
closer in 2.5 seconds nearly is
[Given K = 20 x 108 N/m?]

(@) 1500 kPa (b) 1600 kPa
(c) 1700kPa (d) 1800kPa

Q.20 Total acceleration in fluid flow consists of local
and convective parts. Column A of the following
table shows few situations of pipe flows. Identify
the type of acceleration associated with each,
choosing it from Column B.

Column A

A. Flow at constant rate passing through a
bend.

B. Gradually changing flow through a straight
pipe.

C. Gradually changing flow through a bend
D. Flow at a constant rate passing through a
straight uniform diameter pipe.

Column B
(i) Zeroacceleration
(ii) Local and convective acceleration both.
(iii) Convective acceleration
(iv) Local acceleration
(@ A - (i), B - (iv), C - (i) and D — (i

)
(b) A—(iv), B - (iii), C - (i) and D — (ii)
(c) A—(ii), B—(iv), C —(iii) and D — (i)
(d) A—(iii), B—(i), C —(iv) and D — (ii)

Q.21 A 30 cm x 15 cm venturimeter is inserted in a
vertical pipe carrying oil of specific gravity 0.9
in upward direction. The difference of levels
between the throat and inlet section is 50 cm.
The oil-mercury differential manometer gives a
reading of 30 cm of mercury. Neglect losses.
The discharge of ail is
(a) 146.8 /s
(c) 166.3 /s

(b) 155.91/s
(d) 173.21/s

Q.22 A block of wood (specific gravity = 0.6) floats in
fluid X as shown in the figure such that 75% of
its volume is submerged in fluid X. The gauge
pressure (in Pa) of the air in the tank is _____
Pa.

[Take g = 9.81 m/s?, density of water = 1000 kg/
m?3 and neglect the buoyancy of air on the upper

part of block]
Air at atm. ]
pressure =0 kPa gauge Air Pressure?
“““ 1 o Wood
40cm
Fluid X
70cm
(a) —2012.8 (b) -3139.2
(c) —4262.9 (d) None of these

Q.23 A rectangular tank of length 5 m, width 2.5 m
and height 2 m is completely filled with water
and is at rest. The tank is open at top. The tank
is subjected to a horizontal constant linear
acceleration of 3 m/s? in the direction of its
length. The volume of water spilled from the tank

IS
(@) 9.56m?3 (b) 13.61m?3
(c) 10.21m3 (d) 15.42m3
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Q.24 A horizontal pipe of diameter d, is contracted to
adiameter d,. The pressure intensities in the large
and smaller pipe is 14 N/cm? and 12 N/cm?
respectively. Velocity changes from 1.6 m/s to
6.4 m/s. The rate of flow is 300 litres/s. The value
of coefficient of contraction C, is
(@) 0.84 (b) 0.98
(c) 0.90 (d) 0.88

Q.25 A smooth two dimensional flat plate is exposed
to a wind velocity of 100 km per hour. If laminar
boundary layer exists upto a value of Reynolds
number equal to 3 x 10°, then the maximum
thickness of laminar boundary layer will be

[Take kinematic viscosity of air as 1.49 x 107°

m2/s]
(@ 1.95mm (b) 1.21mm
(c) 2.02mm (d) 1.47 mm

Q.26 The cylinder is rotated about the central axis as
shown in figure. The force (in N) on the bottom of
the cylinder, when the rotation speed is such that
the water just touches the point A will be

z
A
4 1l
2cm| Air !
' \\\\\\\ : _””’ r h
g i Water
& :
‘ 16 cm i 16 cm
v +
(@) 157.8 (b) 1875
(c) 1421 (d)y 1175

Q.27 An oil of viscosity 9 poise is flowing through a
pipe of 30 cm diameter. If the flow is laminar,
shear stress at the wall is 0.3kPa. The mean
velocity of the flow is m/s is
(a) 125 (b) 25
(c) 3875 (d) 75

Q.28 An air bubble of 1 mm diameter rises in an oil
medium with a uniform velocity of 8 mm/s. The
kinematic viscosity of oil is

[Assume Stokes law is valid]

(@) 6.813 x 107° m?/s

(b) 7.334 x 10° m?/s

(c) 8.125 x 10°° m?/s

(d) 9.912 x 107> m?/s

Q.29 Consider the following statements:

1. The buoyant force is equal to the weight of
the fluid displaced by the solid body and
always acts upwards through center of
gravity of submerged portion of solid body.

2. Asubmerged body is stable if the center of
gravity of the body lies below the center of
buoyancy.

3. A large metacentric height in a vessel
weakens stability and makes time period of
oscillation shorter.

Which of the above statements is(are)

CORRECT?
(@) 1only (b) 2only
() 1and 2 (d) 2and 3

Q.30 A pipe of diameter 150 mm is suddenly enlarged
to a diameter of 300 mm. The rate of flow of water
through the pipe is 250 litres/s. The head loss is

m of water.
(a) 5.742 (b) 4.643
(c) 2.312 (d) 6.217
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DETAILED EXPLANATIONS

1. (d)
u = Axyd —x3%y
o 3 4
V = X _—
y 4y
For incompressible flow,
du v
dx dy
U _ Ay2 — 2xy
0 X
v _ 2xy — 3y3
ay
Ay3 —2xy + 2xy - 3y® = 0
= A =3
2. (b)
For laminar boundary layer over a flat plate
2
1%
- P
T f >
0.664
where C = Re,
1 v
< = "Re, ==
= T \/; [ v :|
N Mo |22_f5
Ts Xq
3. (d)
We know that
S
V. - C /29x(§m—1)
where, x = 12x103%m
g = 9.81m/s?
Sy = 1
S = 12 _45x10°
1000

1

V. o= 2><9.81><12><103(——
\/ 1.2x107°

air 1) =13.998 = 14 m/s

4. (c)
In the central region of free vortex motion the viscous effects become quite predominant, due to which the
fluid tends to rotate like a solid body with velocity proportional to the radius. The motion of particles is
circulari.e. tangential.

© Copyright: MADE EASY www.madeeasyprime.in
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5. (b)
@ @)
T
LD = (py —,Og)ZDZ
D
= T (P1—P2)I
6. (a)
Yy = 2xy
u= _8_11! -2x
ay
oy
=2 =2
Y ox Y

UER TN

7. (o)
g_1.11
Q 40 9\9
= Q = 1080 Ips
8. (b)
Q= Cdi\/@tan(g)l-lf’/2
15 2
@ = §8—H=§X4=1O%
Q 2H 2
9. (b)
In pipe, limiting Reynolds is 2000. (Re < 2000) In general.
64
f= T
fo % 0032
2000

10. (d)

|
Oty

Displacement thickness, 8* =

www.madeeasyprime.in
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11.  (a)
For pipes in series
d° ay  dy
6000 1000 2000 3000
= 5+ 5t 5
a° (0.2 (0.4)> (0.6)
0.282m or d=282mm

I}
Q
I

12.  (d)
flQ?
= J51p8
Mass flow rate, m = pQ
90 09 x 108 x Q
60 = I X X
Q = 0.0167 m3/sec
pVD VD
Re = ——=—
u v
Q 4Q
Ve AT
Lo 64 LQP _BALQY v _B4LQ v nD’
L7 Re 121D° 121D°° VD 121D° D" 4Q
LDv
hL = 415?
4m  400x0.0167x0.0002
8§ = —X
3 D4
D = 0.1622m
13. (a)

Maximum head available at the outlet of the pipe = H- h;

f_H_2H_2x400

= =266.67 m
3 3
<. Maximum power available = pQg(H-fy)
1 .81x0.2x 266.67
_ 000x9.81x 0.2 x266.6 KW = 523.2 KW

1000

© Copyright: MADE EASY www.madeeasyprime.in
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14. (a)
Here,

Ap

45 -5 =40 atm = 40 x 101.325 kPa
4053 kPa

For liquid A: Since the vessel is cylindrical

AV

~Ah,

Similarly, for liquid B: Since the vessel is cylindrical

~ Ahg

Ah 3
_ AMa _ Ap _ 4058x10° _ 518403
ha Ka 2.2x10°
= 0.0018423 x 600 = 1.105 mm
3
_ Ahs _ Ap 405307 _ 4 og15

he ~ Kg  1.44x10°
0.002815 x 400 = 1.126 mm

Total decrease in the top free surface of liquid B

15. (c)

Given, K
psurface
We know that, K
Here, arP
ap
dp
ap
Pfinal ~ Psurface
pfinal

16. (d)

The convective acceleration,

aX

For point B,

(-Ah, —Ahyg)
1.105 +1.126 =2.231 mm

2500MPa
1250 kg/m?

—aP __dP
v =" dp
4 psurface
80 -0 = 80MPa
arP
Psurface 7
125O><ﬂ
2500
8 = 40MPa
2
40

(40 + 1250) kg/m? = 1290 kg/m?

Ju du

Ua_x+vay ..... (i)
ua—v+va—v (i)

5y oy
_a_w=_4x

ady

dy

hh |

dX y
3m y=1m
-0.12cm/s v =0.04 cm/s
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ou ou
- _ 22 -0
ax = 4 oy
ov oV
v Y.
ax = 0 ay

Substituting in equation (i) and (ii), we get
a, = (-0.12) x (-4) x 10* = 48 x 10¢ cm/s?

a, = (0.04) x (4) x 104 = 16 x 10°° cm/s?
2 2
a = ,/a§+a§=\/(48x10‘6) +(16x10°°)

50.59 x 106 cm/s?
17. (b)
By continuity equation
AV, +(A,-A)V, = AV,
0.01 x 20 + (0.02-0.01) x 10 = 0.02 x V,
VS
Kinetic energy correction factor (o)

1 1
5( AV;)-V7 "'E[F’(Az = AV, V3

1

= 15m/sec

E( A2V3)V32
_ 0.01x20% +0.01x(10)° 133
0.02x(15)° '
18. (a)
Z 7 77 7/
1 I
: —
AI ’:a Vi _:’_’ \& h
T V2 —
N M N N T
(a) (b)
Applying Bernoulli's equation at section a and b,
2 2
P, Vi
Piol¥| o R %
Py 29 Py 29
Pa =P, Py =Py, V= Vg
P, -P V&
( 2—1| = 033 =
pPg 29
2 3
0.33(15)" x10
N (P,-P,) = #=37.125kPa

2

© Copyright: MADE EASY www.madeeasyprime.in
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19. (c¢)

. . K 20 x 108
Velocity of wave in pipe = B = T = 1414.21 m/s

oL 2x3000
ook 2xXoM0  4oss
So, L= 5 = 141221

i <t
S0, itis a sudden closer
Increase in pressure willbe = p.c.v
= 1000 x 1414.21 x 1.2 = 1697 kPa ~ 1700 kPa

21. (c)
d, = 30cm

a, = %xso2 =706.86 cm” = 0.070686 m”
o’2 = 15¢cm
a, = %x152 =176.71cm? =0.017671m?

Specific gravity of oil, S, = 0.9
Specific gravity of mercury,
Sg = 136
Differential manometer reading,

x = 30cm
S
h = (&+Z1}—(&+sz=x(—g—1)
pg pg So
- 30(@—1)=3o(15.11—1)
0.9

= 30 x 14.11
= 423.33 cm of oil = 4.23 m of soail

Cq = 1.0 (since losses are zero)

Discharge, Q = M><1/2g/7

Jaé -a3

(1) (0.070686) x (0.017671x V2 x 9.81x 4.23

= Q =
J0.070686% - 0.0176712
= Q = 0.1663 m3s = 166.3 Ifs
22. (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 yater V = 1, (0.75V)

www.madeeasyprime.in © Copyright: MADE ERSY
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Ve = 08 % aer
= 08 pwater g
= 0.8 x 1000 x 9.81
= 7848 N/m3.
The air gauge pressure may then be calculated as
0-v,(0.4) = P,
P, = —7848 x 0.4 =-3139.2 Pa
23. (a)
Free surface Original free
after acceleration surface
£
N
N I 5m I
L=5m,b=25,H=2manda=3m/s?
The slope of the free surface of water after the tank is subjected to a linear constant acceleration is
tano = 2= 3 _0306
g 981
N ano = oo
ow, anb = — o
BC
= 0306 = —
5
= BC = 1.53m
Volume of water spilled = Area (AABC) x Width of the tank
= %XABXBCXZS
1
= §x5><1.53x2.5
= 9.56m°3
24, (a)
From Bernoulli's equation, we have
2 2
&+\i = &+V—2+ h,
pg 29 pg 29
14x10*  16° _ 12x10* 64 |
1000x9.81 2x9.81 = 1000x9.81 2x9.81 °
= h, = 0.0816m
2
VZ[ 1
= =|—=—-1
Now, h, = 29|:Cc }

© Copyright: MADE ERASY
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25.

26.

vla T
- 00816 = 501
642 [1 T
= 00816 = 5 o5/ C.
N C, = 0.835~0.84
(d)
100x 10°
Velocity, V = ———— = 27.78 m/s
elocity, 2600 m/
Vx

Reynolds number, Re, v

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

vRe 1.49x107°x3x10°
v 27.78

0.161m

Thickness of laminar boundary layer,

5\/x:v_ 5X\/o.161><1.49><1o-5
v 27.78

1.47 x 103 m = 1.47 mm

(7}
Il

(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:

;
nx0.162x 002 = o™ x(0.16)% h

h = 0.04m
I’2(,02
Using equation, zZ = 29
0.16% x »?
004 = ——
= 04 = 598
= o = 5.54rad/s

The pressure, on the bottom as a function of the radius ris p(r) which is given by
2
N
p=py = (r*-17)

where, Py, = 9810 x (0.22-0.04) = 1765.8 Pa = 1766 Pa

www.madeeasyprime.in
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So, p =

1000 x 5.54°

5 re +1766 = 1534612 + 1766

This pressure is integrated over the area to find the force

0.16

- (15346r2+1766)2nrdr —157.8N

0
27. (a)

Given Tyal =

We know that,

‘wall

0.3 x 10°Pa =

5)-

For laminar flow in pipe,

max
umax =
umax =
We know, Urean =
Umean =
28. (a)
Buoyant Force (Fp) =
75 -
A
= w =
= v =
29. (b)

0.3kPa
9 Poise = 0.9 Pa-s
15cm=0.15m
R(oP
2| ox
0.15m a_P
2 ox
4 kPa/m

ol )

! ><(4><103Pa/m)><(0.15)2 m?

4x0.9 Pa-s

25 m/s

u

& (For laminar flow in pipe)

12.5m/s

Drag Force (Fp) [Neglect weight of the bubble]
3nuVd

wh 9

18V p 18V

9.81x (1073

18x8 %102 =6.8125 x 10°° m?/s ~ 6.813 x 10° m?/s
X 8 X

Buoyancy force acts through center of gravity of displaced liquid.

A large metacentric height in a vessel improves stability and makes time period of oscillation shorter.

© Copyright: MADE ERASY
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30. (a)
D, = 150 mm

A = %x(0.150)2=0.01767m2

D, = 300 mm =0.3m

A = %x(O.S)Z = 0.0707 m?

Q = 0.25m3/s

Vv, = Q=&=14.15m/3
A, 0.01767

v, = Q = 0.25 = 3.536 m/s
A, 0.0707

Loss of head due to enlargement is given as:

(h-%)" _ (14.15-3.536)°

¢ 29 29
5.742 m of water
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