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Part-1

CHAPTER

Q.1 Which one of the following is the bulk modulus K

Q.2

Q.3

Q.4

of a fluid? (Symbols have the usual meaning)
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Statement (I): In fluid, the rate of deformation is

far more important than the total deformation itself.

Statement (I1): A fluid continues to deform so long

as the external forces are applied.

(a) Both Statement (I) and Statement (Il) are
individually true; and Statement (ll) is the
correct explanation of Statement (I)

(b) Both Statement (I) and Statement (Il) are
individually true; but Statement (1) is NOT the
correct explanation of Statement (I)

(c) Statement(l)istrue; but Statement (I1) is false

(d) Statement (l)is false; but Statement (I1) is true

In a quiescent sea, density of water at free surface
is py and at a point much below the surface density
is p. Neglecting variation in gravitational
acceleration g and assuming a constant value of
bulk modulus K, the depth h of the point from the
free surface is

K (p=po)
g(p+po)2
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Athin plane lamina of area A and weight W, slides
down a fixed plane inclined to the vertical at an
angle o and maintains a uniform gap € from the
surface of the plane, the gap being filled with oil

of constant viscosity u. The terminal velocity of
plane laminais

Q.5

Q.6
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A 50 mm diameter and 0.1 m long cylindrical body
slides vertically down in a 52 mm diameter
cylindrical tube. The space between the
cylindrical body and tube wall is filled with oil of
dynamic viscosity 1.9 Ns/m?2. The velocity of fall if
its weight is 16 N will be

(a) 0.536 m/s (b) 0.268 m/s

(c) 0.804 m/s (d) 0.638 m/s

Two immiscible, incompressible, viscous fluids
having same densities but different viscosities are
contained between two infinite horizontal parallel
plates, 2 m apart as shown below. The bottom
plate is fixed and the upper plate moves to the
right with a constant velocity of 3 m/s. With the
assumptions of Newtonian fluid, steady, and fully
developed laminar flow with zero pressure
gradient in all directions, the momentum
equations simplify to

du
a? = °

If the dynamic viscosity of the lower fluid, w,, is
twice that of the upper fluid, u,, then the velocity
at the interface (round off to two decimal places)
is m/s.

2m
Tm

e
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Q.7 Asshown in the figure, a cubical block of 30 cm
side and of 30 kg weight is allowed to slide down
along a plane inclined at 30° to the horizontal on
which there is a film of oil having viscosity of
2 x 1073 N-s/m?. The film thickness is 0.025 mm.
The terminal velocity of the block is

(@) 12.44m/s
(c) 20.44m/s

(b) 16.89 m/s
(d) 22.22 m/s

Q.8 Aplate 0.03 mm distant from a fixed plate, moves
at 80 cm/s and requires a force of 4 N per unit
area to maintain this speed. The fluid viscosity
between the plates is
(a) 1.5x 10 poise
(c) 1.5x 10723 poise

(b) 2.5 x 1073 poise
(d) 2.5 x 10~ poise

Q.9 The equation of a velocity profile over a plate is
V=7y2 + y(where Vis the velocity in m/s). The
viscosity of the liquid is 8.35 poise. The shear
stressat y=7.5cmis
(@) 1.71N/m? (b) 3.42 N/m?

(c) 4.62N/m? (d) 4.78 N/m?

Q.10 A 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
: w
2cmb . AIr !
- --E—- Wé{er
20 cm E
v 16 cm E 16 cm
(a) 157.8 (o) 187.5
() 1421 (d) 117.5

Q.11 The shear stress in a fluid may be expressed as:

el
Toc| —
ay
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av
where O’_y is the velocity gradient and n is

constant. The n value for Newtonian and Non-
newtonian fluids will be respectively

(@ n=1andn>1 (b)n<ilandn>1
() n=1andn<1 (d)n=1andn=#1

Q.12 Classify the fluid based upon the following results
of a test on their rheological behaviour

Shearrate,g—;l 0/050(10|15|20

Shear stress, t | 1 2 3 4 5

(a) Idealfluid (b) Newtonion fluid
(c) Bingham plastic (d) Pseudo plastic

Q.13 The dynamic viscosity of fluid is 0.5 poise and its
specific gravity is 0.5. The kinematic viscosity of
this fluid (in stokes) is:
(@) 0.25
(c) 1.0

(b) 0.5
(d) 15

Q.14 The equation of a velocity distribution over a plate
is given by u = 2y— y? where uis the velocity in m/
s at a point y meter from the plate measured
perpendicularly. Assuming u = 8.60 poise, the
shear stress at a point 15 cm from the boundary is
(a) 1.72 N/m? (b) 1.46 N/m?
(c) 14.62 N/m? (d) 17.20 N/m?

Directions : Each of the next items consists of two
statements, one labelled as ‘Statement (I)’ and the
other as ‘Statement (Il)’. Examine these two statements
carefully and select the answers to these items using
the codes given below:
Codes:
(a) Both Statement (1) and Statement (ll) are
individually true; and Statement (Il) is the
correct explanation of Statement (1)
(b) Both Statement (1) and Statement (ll) are
individually true; but Statement () is NOT the
correct explanation of Statement (I)
(c) Statement (l)is true; but Statement (l1) is false
(d) Statement (1) is false; but Statement (ll) is true

Q.15 Statement (l): In general, viscosity in liquids
increases and in gases it decreases with rise in
temperature.

Statement (Il): Viscosity is caused by
intermolecular forces of cohesion and due to
transfer of molecular momentum between fluid
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layers; of which in liquids the former and in gases

the later contribute the major part towards
Viscosity.

Q.16 Statement (I): The kinematic viscosity of both air

and water decreases as the temperature increases.
Statement (I1): The kinematic viscosity of liquids
and gases at a given pressure is a function of
temperature.

Q.17 Consider the following statements related to the

fluid properties:

1. Vapour pressure of water at 373 K is
101.5 x 108 N/m?2.

2. Capillary height in cm for water in contact with
glass tube and air is
(tube diameter)/0.268.

3. Blood is a Newtonian fluid.

Which of these statements is/are correct?

(a) 1only (b) 1and 3

() 1and 2 (d) 2only

Q.18 Consider the following statements:

1. A small bubble of one fluid immersed in
another fluid has a spherical shape.

2. The droplets of a fluid move upward or
downward in another fluid due to unbalance
between gravitational and buoyant forces.

3. Droplets of bubbles attached to a solid
surface can remain stationary in a gravitational
fluid if the surface tension exceeds buoyant
forces.

4. Surface tension of a bubble is proportional to
its radius while buoyant force is proportional
to the cube of its radius.

Which of these statements are correct?

(a) 1,2,3and 4 (b) 1,2 and 4 only

(c) 1and3only (d) 2,3and 4 only

Q.19 A 150 mm diameter shaft rotates at 1500 rpm

within a 200 mm long journal bearing with 150.5 mm
internal diameter. The uniform annular space
between the shaft and the bearing is filled with
oil of dynamic viscosity 0.8 poise. The shear
stress on the shaft will be

(a) 1.77 kKN/m? (b) 2.77 kN/m?

(c) 3.77 kN/m? (d) 4.77 kN/m2

coon pacwsce P
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Q.20 The work done in blowing a soap bubble of

Q.21

diameter 20 cm is x 1073 Nm.
[Assume the surface tension of soap solution as

0.040 N/m.]

(a) 14.88 (b) 10.05

(c) 6.01 (d) 4.32

In an experiment, the tip of a glass tube with an

internal diameter of 2 mm is immersed to a depth
of 1.5 cm into a liquid of specific gravity 0.85. Air
is forced into the tube to form a spherical bubble
just at the lower end of the tube. If the air pressure
in the bubble is 200 N/m?, then the surface tension
of the liquid will be
(a) 0.018 N/m

(c) 0.037 N/m

(b) 0.025 N/m
(d) 0.042 N/m

Q.22 If the surface tension at air-water interface is

0.073 N/m, the pressure difference between
inside and outside of an air bubble of diameter
0.1 mm will be kPa.

Q.23 If angle of contact of a drop of liquid is acute,

then

(a) cohesion is equal to adhesion

(b) cohesion is more than adhesion

(c) adhesion is more than cohesion

(d) both adhesion and cohesion have no
connection with angle of contact

Q.24 Statement (I) : The mercury level inside the tube

shall rise above the level of mercury outside.

Statement (Il) : The cohesive force between the

molecules of mercury is greater than the adhesive

force between mercury and glass.

(a) Both Statement (1) and Statement (ll) are
individually true; and Statement (lI) is the
correct explanation of Statement (1)

(b) Both Statement (1) and Statement (ll) are
individually true; but Statement () is NOT the
correct explanation of Statement (1)

(c) Statement (l)is true; but Statement (l1) is false

(d) Statement (l)is false; but Statement (ll) is true

Q.25 The surface tension of water at 20°C is

75 x 1073 N/m. The difference in water surfaces
within and outside an open-ended capillary tube
of 1 mm internal bore, inserted at the water surface,
would nearly be
(a) 7 mm

() 15 mm

(b) 11 mm
(d) 199 mm
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Q.26

Q.27

Q.28

A clean tube of internal diameter 3 mm is
immersed in a liquid with a coefficient of surface
tension of 0.48 N/m. The angle of contact of the
liquid with the glass can be assumed to be 130°.
The density of the liquid is 13600 kg/m3. What
would be the level of the liquid in the tube relative
to the free surface of the liquid outside the tube?
[Take sin 40° = 0.643]
(a) 1.54 mm

(c) 3.08 mm

(b) =1.54 mm
(d) =3.08 mm

Consider the following statements:

1. In thixotropic fluid, viscosity decreases at
higher shear stress.

2. Viscosity of Rheopactic fluid decreases at
higher shear stress.

3. In thixotropic fluid, viscosity increases at
higher shear stress.

4. Viscosity of Rheopactic fluid increases at
higher shear stress.

Which of the above statements are CORRECT?

(a) 1tand 2 (b)1and 4

(c) 2and 3 (d) None of the above

Oilin a hydraulic cylinder is compressed from an
initial volume 2 m3to 1.96 m3. If the pressure of
oil in the cylinder changes from 40 MPa to 80 MPa
during compression, the bulk modulus of elasticity
of oil is

(a) 1000 MPa
(c) 4000 MPa

(b) 2000 MPa
(d) 8000 MPa

m Fluid Properties

1.

11
21

30.

(a) 2. (a) 3. (c) 4. (c) 5. (a)
.(d) 12. (c) 13. (c) 14.(b) 15. (d)
. (c) 22. 292 23. (c) 24. (d)

(a, b, d) 31. (b)
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Multiple Select Questions (MSQ)

Q.29 Calculate the capillary effectin mmin a glass tube

of 4 mm diameter when immersed in water and
mercury respectively.

Temperature of the liquid = 20°C

Surface tension of water in contact with air
=0.073 N/m

Surface tension of mercury in contact with air
=0.51N/m

Angle of contact for water is zero and for mercury
is 130°

Density of water = 998 kg/m3

(a) Capillary rise of 2.46 mm for mercury

(b) Capillary depression of 7.46 mm for water
(c) Capillary depression of 2.46 mm for mercury
(d) Capillary rise of 7.46 mm for water.

Q.30 Consider the following statements:

Q.31

(a) For rheopectic fluids, apparent viscosity (n)
increases with time under constant shear
stress.

For thixotropic fluids, dynamic viscosity (u)
decreases with time under constant shear
stress.

(c) Variation of viscosity with temperature in case

of gases is due to molecular cohesion.
(d) Dilatant fluids are shear thickening fluids.

(b)

If a tube of diameter 5 mm is inserted in mercury
(G, = 13.6) above which water lies, then the
capillary height will be (6 = 120°) (6 = 0.51 N/m)
(a) Capillary rise of 3.30 mm

(o) Capillary depression of 1.65 mm

(c) Capillary depression of 3.30 mm
(d)

d) Capillary rise of 1.65 mm
EEEN
6. 1 7. (c) 8. (c) 9. (a) 10. (a)
16. (d) 17. (a) 18.(a) 19. (c) 20. (b)
25. (c) 26.(d) 27.(b) 28. (b) 29.(c,d)
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1.  (a) Wcos a. = Drag force
Bulk modulus, %
Here,Drag force = Shear force = HA—
_ dp ) €
: de/v : = Wcosa = MA%
D elWcosa
] - v Ta
i i I Tap 5 (a)
i T
— av—
Specific volume,
o
P 0.4 m
Taking log,, both sides, we get | l
log, v = -log, p - . X
On differentiating 4
& _ - _———

v P Let Vbe its terminal velocity of fall

% .
Substituting d7= —% in Eq (i), we get Shear stress 1 will be
o dp Y _q9x— Y
- - p— T =W = 1.IX —
K= —ab/p _pdp ay 1x 1073
3. (o) = 1.9 x 103 VN/mm?
pdp The shear stress will act on the surface of the
K ap cylinder.
H ,Total f ,
o ogah ence oe_a orce
o = K F=1xA
= 19x108x Vx3.142x50x 103 x 0.1
[_1}"0 gh = 20.849 U
Py T K Under equilibrium condition, the weight will be
KT 1 balanced by total shear force.
h = —[———} Hence,
glko P 16 = 29.849 U
4. (c) or U = 0.536 m/s
\y 6. (1)
8/\ Velocity profile is laminar in both fluids
' 3m/s
: —_— T ,
‘5@ i H h 4—:
e | 2m| -y 1
-¢ Wcos (90 — o) = W sin o Ha (77 O D
\Né\° ;
du
— = 0
ay

For zero acceleration,





