Mechanical Properties of Fluids

1. The top of a water tank is open to air and its water level is maintained. It is giving out 0.74 m3 water per
minute through a circular opening of 2 cm radius in its wall. The depth (in metre) of the centre of the opening
from the level of water in the tank is

2. Water flows into a large tank with flat bottom at the rate of 10~* m3 s~1. Water is also leaking out of a hole of
area 1 cm? at its bottom. If the height of the water in the tank remains steady, then this height (in cm) is:

3. A long cylindrical vessel is half filled with a liquid. When the vessel is rotated about its own vertical axis, the
liquid rises up near the wall. If the radius of vessel is 5 cm and its rotational speed is 2 rotations per second,
then the difference in the heights between the centre and the sides, in cm, will be :

4. Water from a pipe is coming at a rate of 100 liters per minute. If the radius of the pipe is 5 cm, the Reynolds
number for the flow is : (density of water = 1000 kg/m3, coefficient of viscosity of water = 1mPas)

5. An incompressible liquid flows through a horizontal tube shown in the following fig. Then the velocity v (in
m/s) of the fluid is

v,=3 m/s

6. A cubical block of side 0.5 m floats on water with 30% of its volume under water. What is the maximum mass
(kg) that can be put on the block without fully submerging it under water? [Take, density of water = 103
kg/m? ]

7. A submarine experiences a pressure of 5.05 X 10° Pa at depth of d; in a sea. When it goes further to a depth
of d,, it experiences a pressure of 8.08 X 10° Pa. Then d, — d; (in metre) is approximately (density of water
= 103 kg/m3 and acceleration due to gravity = 10 ms™2):

8. Water from a tap emerges vertically downwards with an initial speed of 1.0 ms~1. The cross-sectional area of
the tap is 10™* m?. Assume that the pressure is constant throughout the stream of water and that the flow is
streamlined. The cross-sectional area (in m?) of the stream, 0.15 m below the tap would be : [Take g =
10 ms™2 ]

9. A solid sphere, of radius R acquires a terminal velocity v; when falling (due to gravity) through a viscous fluid
having a coefficient of viscosity h. The sphere is broken into 27 identical solid spheres. If each of these
spheres acquires a terminal velocity, v,, when falling through the same fluid, the ratio (v, /v,) equals %. Find
the value of x.

10. A wooden block floating in a bucket of water has % of its volume submerged. When certain amount of an oil
poured into the bucket, it is found that the block is just under the oil surface with half of its volume under
water and half in oil. The density of oil relative to that of water is:

11. A long cylindrical drum is filled with water. Two small holes are made on the side of the drum as shown in the
figure. The depth (in m) of the liquid in the drum if the ranges of water from the holes are equal.
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12. A glass U-tube is such that the diameter of one limb is 3.0 mm and that of the other is 6.00 mm. The tube is
inverted vertically with the open ends below the surface of water in a beaker. What is the difference between
the heights (in m) to which water rises in the two limbs? Surface tension of water is 0.07 N/m. Assume that
the angle of contact between water and glass is 0°.

13. Two pistons of hydraulic press have diameters of 30.0 cm and 2.5 cm. What is the force (in kg-wt) exerted by
larger piston, when 50.0 kg -wt is placed on the smaller piston?

14. A wooden plank of length 1 m and uniform cross-section is hinged at one end to the bottom of a tank as shown
in Figure. The tank is filled with water up to a height of 0.5 m. The specific gravity of the plank is 0.5. Find the
angle (in degree) that the plank makes with the vertical in the equilibrium position (Exclude the case 8 = 0).

g7
0

15. A cube of ice of edge 4 cm is placed in an empty cylindrical glass of inner diameter 6 cm. Assume that the ice
melts uniformly from each side so that it always retains its cubical shape. Remembering that ice is lighter than
water, find the length (in cm) of the edge of the ice cube at the instant it just leaves the contact with the bottom
of the glass.
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SOLUTIONS

1. (4.8) Here, volume tric flow rate

2. )

3. Q
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i.e., The depth of the centre of the opening from the
level of water in the tank is 4.8 m

To

Since height of water column is constant therefore,
water inflow rate (Q, )

= water outflow rate

Q, =107 ms™

Q,, = Au=10"x [2gh

1074 =10"x J20xh

.'.h=2—0m=50m

out

Using v? = u? + 2gy [-.u=0at(0,0)]
v =2gy [.v=0X]

=Y

00

:ofx2 :(2><27r,)2 x(0.05)° —2em
2g 20
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4. (2 x10% Rate of flow of water (¥) = 100 lit/min

-3
=100X10 X2X10_3m3
60 3

", Velocity of flow of water (v)
v s5x10”

A 3xx(5x107)?

10 2
:—:—m/s =0.

5n 3n 0.2 m/s

Dvp

. Reynold number (N;) = n

(10x107%) x % %1000

- 1 T =2x10*

5. (1) Av = A]VI + A2V2

or AX3 = Ax15+154xv
: v = 1m/s

6. (87.5) When a body floats then the weight of the body

= upthrust

a3y 0 :

- (50)° x . x(D)xg=M peg (D)
Let m mass should be placed, then

(50)° x (1) x g = (M, + m)g (i)

Subtracting equation (i) from equation (ii), we get
= mg=(50)° x g (1 -0.3)=125x0.7 x 10° g
= m=875kg

7. (300) P, =P, + pgd,
P, =P, + pgd,
AP =P, - P, = pgAd
3.03 x 10°=10>x 10 x Ad
= Dd =300 m

8. (5x107) Using Bernoullie’s equation
1
P+E(V12 —v%)+pgh =P

:v%=v12+2gh

>V, = «lvlz +2gh

Equation of continuity
AV =AY,

SN | v
(1 em®) (1mfs) = (Ay) | 100

107 x 1=A,x2

—4
10

_ 2 _ )

Az_ ) =5%x10" m
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9. 27><i1'cr3—i1tr3
. (D) 3 3

_R
or r=.
Terminal velocity, v oc 7
2
M_A
V2 r22
2
(1) R/3)? 1
o =) U ) e
V1
or —_ =
V2
4
10. (0.6) Mg:[? pOg
(M _4po
o\ 5)=75
4pw
or p 5

Mg:Fbl +Fb2

14 14
(P)g = [5] Poil § + = pOg

3
orr, = gpm =0.6pw

the liquid in the drum will be 0.3 m.

and B respectively. The pressure at point C,

2T

P.=pP,—-—

C A R,

= rl =

where R, prvrriad

. 2T
The pressure at point D, Pp= Pg N
2

n

where, R,= T 7

Pn—Pq=hpg

2T 2T
(3]
( Ry Ry eS8
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When block floats fully in water and oil, then

11. (0.3) Therange is equal for the hole positions 4 and (H - /)
from free surface (H is the height of liquid). So depth of

12. (476 x 1073) Let P ', and Pp are the pressures at points 4

If i is the difference between heights rise in two limbs, then
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1 1

0.2><0407( 7= 3
1.5x10™°  3x10~

After solving, we get
h=476x10"m.

f F
As v
4 mR?
F= f==/—%
a r
R 15
_ ,{7] _so.o(m)
=7200 kg-wt

AsP,=PgandR| =r;=1.5mm,R,=r,=3.0 mm, so

—)9.8 =hx1000x9.8

13. (7200) Radius ofthe pistons: 7= 1.25cmandR =15 cm

Since plank is in rotational equilibrium, so

2%, =0

or  mgx %sine - F, x %Sine =0

or mgl—F,xy=0
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14. (45) Letyisthe length of the plank inside water

05
= cosO
F
AAAAA R S
0.5m
e
O .
Let 4 be the cross-sectional area of the plank, then buoyant
force on it
F,=Vp g
=y)p,g
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(A0x 0.5)g! - (4y) d, y=0

or 0.52=)?
2
0.5
2 —
or 0.5 (1) (cosej
2 0 1
cos” 0=—
= 2
oo L
or cos 7
or 0=45°,
15. (2.26)
4 cm

Ice

6cm 6cm —
Let size of ice block remaining is x> when it just about to
float, then
XX p.g=(y)p,g ()
= X Pice =XV Py
Also mass of ice melt = mass of water forms
@=xH)xp, =(mx3xy=xly)p, ..
or 43pice - Pice =T 32ypw_xzypw
or 4p.. =nx3%yp,
7.11p;
or y= ( ploeJ
TPy

Substituting the value of y in equation (i), we get

7.11p;
20X P g = XX (T‘“jpwg

w

or x=226cm.
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