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Fluid Mechanics

Fluid Properties

CHAPTER

3
m The velocity distribution for flow over a flat plate is given by u = Zy — ¥? in which u is the velocity in

metre per second at a distance y metre above the plate. Determine the shear stress aty = 0.15 m.
Take dynamic viscosity of fluid as 8.6 poise.

Solution:
3
Given, us=-—-y-y?
4
Viscosity, KL = 8.5poise = 8.5Ns ( 10 poise = 1 NS/mz)
10 m?
au 3
. = ——2
ay 4 Y
au
Aty = 0.15, — = §—2><O.15:O.75—O.30=O.45
ay 4
_du
Mdy
- %xo.% N/m? = 0.3825 N/m?

The space between two square flat parallel plates is filled with oil. Each side of the plate is 60 cm. The
thickness of the oil film is 12.5 mm. The upper plate, which moves at 2.5 metre per sec requires a
forces of 98.1 N to maintain the speed. Determine:

(i) the dynamic viscosity of the oil in poise, and
(ii) the kinematic viscosity of the oil in stoke if the specific gravity of the oil is 0.95.

Solution:
Given: Each side of a square plate = 60cm =0.60m
Area, A =06x06=0.36m?
Thickness of ail firm, dy =125mm=125x10°m
Velocity of upper plate, u =25m/sec

Change of velocity between plates,
du = 2.5m/sec
Force required on upper plate, F =981N

e Force _ F
Shear stress, ~“ Area A
98.1N

27.25 N/m?

= 036m2
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(i) Letu = Dynamic viscosity of oil
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Y
de

2725 = UX—F—

o > = s sx107

-3
u = 27.25><m =1.3635 Ns/m? ( 1Ns/m? = 10 poise)
= 1.3635 x 10 = 13.635 Poise
(i) Specific gravity of ail, S =095
Let v = kinematic viscosity of oil

Mass density of ail,

Using the relation, v =2

p

We get,

<

1.3635 Ns/m?
- 950 kg/m®

p = Sx 1000 = 0.95 x 1000 = 950 kg/m?3

=0.001435 n?/sec

= 0.001435 x 104 cm?/s
= 14.35 stokes

Calculate the dynamic viscosity of an oil, which is used for lubrication between a square plate of size
0.8 m x 0.8 m and an inclined plane with angle of inclination 30° as shown in figure. The weight of the
square plate is 300 N and it slides down the inclined plane with a uniform velocity of 0.3 m/s. The

thickness of oil film is 1.5 mm.

Solution:
Given: Area of plate, A =
Angle of plane, 0 = 30°
Weight of plate, W = 300N
Velocity of plate, u=03m/s
t

Thickness of oil film,

0.8 x 0.8 =0.64 m?

=dy=15mm=15x103m

Let the viscosity of fluid between plate and inclined plane is .
Component of weight W, along the plane = W cos 60° = 300 cos 60° = 150 N
Thus the shear force, F, on the bottom surface of the plate = 150 N

F
T=——
and shear stress, Area
o, U
Now, u dy
au =
dy =
150
064

xi
15%x107°

_ 150x1.5x107®
H= T064%03

N/m?

change of velocity = u—0 = 0.3 m/sec
f=15x103m

=1.17 Ns/m? = 11.7 Poise
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m The dynamic viscosity of an oil, used for lubrication between a shaft and sleeve is 6 poise. The shaft
is of diameter 0.4 m and rotates at 190 rom. Calculate the power lost in the bearing for a sleeve length
of 90 mm. The thickness of the oil film is 1.5 mm.

Solution:
Given:

Viscosity,

Dia. of shaft,
Speed of shaft,
Sleeve length,
Thickness of oil film,

Tangential velocity of shaft,

Using the relation,

where,

/

90 mm |
Sleeve
u = 6 Poise
_ 6 &=O.6N8/m2
10 m?
D=04m
N = 1900 rpm

L=90mm=90x103m
t=15mm=15%x103m

_ DN

Y= %0

_ Ix04X190 _ 5 98 s
60

du = Change of velocity = u—-0=u=3.98m/s

dy = Change of distance =t=15x10°m

This is shear stress on shat,

Shear force on the shafft,

Torque on the shaft,

T = 10><L83=1592 N/m?
15x10°

|F = Shear stress xArea
=1592x D xL=1592 xt x0.4x90x 1023 = 180.05N

T = Force xg
2

= 180.5x% =36.01Nm

2nNT

Power lost =

_ 2mx190x36.01
B 60

=716.48W
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m A vertical gap 23.5 mm wide of infinite extent contains oil of specific gravity 0.9 and viscosity 2.5 N-s/m?.
A metal plate 1.5 m x 1.5 m x 1.5 mm weighing 50 N is to be lifted through the gap at a constant speed
of 0.1 m/sec. Estimate the force required to lift the plate.

Solution:

Given: Width of gap = 283.5mm
Viscosity, p = 2.5 Ns/m?

Specific gravity oil = 0.9
Weight density of oil = 0.9 x 1000 = 900 kgf/m3
= 900 x 9.81 N/m3 (.- 1kgf =9.81N)

Assuming that the plate lies in the middle of the gap

Volume of plate = 1.5mx 1.5m x 1.5 mm F
— 15x 1.5 x 0.0015 m? A
= 0.003375m? |
Thickness of plate = 1.5 mm 11 mm I 11 mm
Velocity of plate = 0.1 m/sec J%
Weight of plate = 50N 1.5mm
When the plate is in the middle of the gap, the distance of plate from 23.5mm

Width of gap — Thickness of plate)
2

Vertical surface of the gap = (

(23.5—1.5

5 ):11mm:0.011m

Now, shear force on left side of the metallic plate

|F; = Shear stress x Area]

d
_ u(_u) ><(1.5><1.5) = 2.5><( 0.1 )x1.5><1.5 =51.136 N
ady ), 0.011

Similarly, the shear force on the right side of the metallic plate

|F> = Shear stress x Area

= 2.5><( 01 )x(1.5><1.5) =51.136 N

0.011
-. Total shear force = F,+F,=51.136 + 51.136 = 102.272 N
In this case the weight of plate (which is acting downward) and upward thrust is also to be taken into
account.

The upward thrust = weight of fluid displaced = pvg
= (unit weight of fluid) x Volume of fluid displaced
= 9.81 x 900 x 0.003375
= 29.80N

The net force acting in the downward direction due to the weight of the plate and upward thrust
= weight of plate — upward thrust = 50 — 29.80 = 20.20 N

.. Total force required to lift the plate up
= Total shear force + 20.20 = 102.272 + 20.20 = 122.472 N
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m Find the surface tension in a soap bubble of 40 mm diameter when the inside pressure is 2.5 N/m?
above atmospheric pressure.

Solution:

Given: Dia. of bubble, d =40mm=40x102%m
Pressure in excess of outside, p = 2.5N/m?

8o
For a soap bubble, P=F

o5 8x0o
or ~ 7 40%x107°
-3
o = 22X40X07 (i 6.0125 Njm

8

The pressure outside the droplet of water of diameter 0.04 mm is 10.32 N/cm? (atmospheric pressure).
Calculate the pressure within the droplet if surface tension is given as 0.0725 N/m of water.

Solution:
Given, dia. of droplet, d = 0.04mm =0.04 x 10°3m
Pressure outside the droplet = 10.32 N/cm? = 10.32 x 10* N/m?
Surface tension, 6 = 0.0725N/m
The pressure inside the droplet, in excess of outside pressure is given by
o to
d
_ 200725 _ 7560 Njm?
0.04 %10~
= % =0.725 N/cm?
10" cm

Pressure inside the droplet = p + pressure outside the droplet
= 0.725 + 10.32= 11.045 N/cm?

m Calculate the capillary effect in mm in a glass tube 3 mm in diameter when immersed in (a) water
(b) mercury. Both the liquids are at 20°C and the values of the surface tensions for water and mercury
at 20°C in contact with air are respectively 0.0736 N/m and 0.51 N/m. Contact angle for water = 0° and
for mercury = 130°.

Solution:
The capillary rise (or depression) is given as

h— 26C0s9
par
(a) Forwater® =0, cos O =1
6 = 0.0736 N/m
pg = 9810 N/m3
d =3mm
3 -3
r = 5:1.5 mm= 1.5x10"" m
I 2x0.0736x1
By substitution, we get h =

9810x1.5x107°
1.00x 102m =10 mm
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(b) Formercury 6 = 130°, cos ® = -0.6428
6 = 0.51N/m
pg = (13.6 x 9810) N/m3

r= g=1.5 mm=15x10"m
2x0.51x(-0.6425)
© 13.6x9810x1.5%x107°

=-3276x10°m
= -3.276 mm
The negative (-) sign in the case of mercury indicates that there is capillary depression.

By substitution, we get

m For capillarity rise between two thin vertical plates spaced ‘t distance apart. Calculate the distance
between the plates when the capillarity rise is not to exceed 60 mm. Assume surface tension of water
at 20°C as 0.075 N/meter.

Solution:
For two vertical plates, 't distance apart
Let width of plate be ‘b’ and contact angle be ‘¢’
Force due to surface tension = Force due to gravity
2ccosOb = pg(bxth

26Cc0sH6
Height of capillarity rise, h= ogt
For 6 = 0.075 N/m and h = 60 mm
Assuming 6 =0°i.e., cos 6 = 1
0.06 = 2x0.075x1000

9.81x 1000 xt

t 0.255 mm

m The density of sea water at free surface where pressure is 98 kPa is 1030 kg/m?3. Taking bulk modulus
of sea water to be 2.34 x 10° N/m? (assume constant), determine the density and pressure at a depth
of 2500 m. Neglect the effect of temperature

Solution:

A
Calculation of density: T, = 1030 kg/m’, P, = 98 kPa
K = 2.34 x 109 N/m?2 E
aP &
K= 0 L8 e
Since dP = yadh
pyah _ > _dh
= K="p P9
s dp H=2500 m g
e =dh
'[PA p2 J.O K
PB
N T~ 9xos00
P,
1 H
= qooA 1
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1

Pe (1_9H)
Pa K
1

- _ 3
Ps g 8T 5Egg = 1041-24 kg/m

1030 2.34x10°

Calculation of pressure:

_aP_
e
p
a
[fBap = K[PEL
Pa PA P

pup = Kool

_ P+ Kln(g—iJ
1041.24)

- 98+2.34><106|n(
1030
25495.20 kPa = 25.5 MPa

mﬁ
I

an
I

m Consider a fluid of viscosity u between two circular parallel plates of radii ‘R’ separated by a distance
‘h’. Upper plate is rotated at an angular velocity w whereas bottom plate is held stationery. The velocity
profile between two plate is linear. Estimate the torque experienced by the bottom plate.

Solution:
Consider an annual ring with width drat radius

NN NENEEN \' NN NI
i - . N . . : .

Qil of \:\‘ N N
!

viscosity 'u'

fe—3>—
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