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Fluid Mechanics

Fluid Properties

CHAPTER

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 = 60 cm =0.60m
Area, A =06x06=0.36m?
Thickness of oil firm, dy =125mm=125x102°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
_ 981 N2 =27.25 N/m?
0.36m
(i) Letu = Dynamic viscosity of ail
A
Mdy
27.25 = ux 25
r 25 = —
© 12.5%10°
-3
u = 27.25x% =1.3635 Ns/m? ( 1Ns/m? = 10 poise)
= 1.3635 x 10 = 13.635 Poise
(i) Specific gravity of olil, S =095
Let v = kinematic viscosity of oil
Mass density of oil, p = Sx 1000 = 0.95 x 1000 = 950 kg/m3
Using the relation, v=H
P
1.3635 Ns/n?? p
- ———————=0.001435 m"/sec
We get, vV = T950 kgt

0.001435 x 10* cm?/s
14.35 stokes
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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 = 08x0.8=0.64m?
Angle of plane, 6 = 3O°
Weight of plate, W = 300N
Velocity of plate, u=03m/s
t

dy=15mm=15x 103m
Let the viscosity of fluid between plate and inclined plane is w.

Thickness of oil film,

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

d shear st r=i - @N/mz
anda shear stress, Area = 0.64
’t— %
Now, Mdy
du = change of velocity = u—0 = 0.3 m/sec
dy = t=15x10%m
150 ix 0.3
064 15%x107°
150x 1.5x 1073 .
= YT _1.17 Ns/n? = 11.7 Poise
K 064x03 /

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 rpm. 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:
1.5 mm
L]
I 1
04 m
| Shaft
/I 90 mm |
Sleeve
Viscosity, u = 6 Poise
_ L Ns _ 0.6Ns/m?
10 m?
Dia. of shaft, D=04m

Speed of shaft, N = 1900 rpm
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Sleeve length, L=90mm=90x102%m
Thickness of oil film, t =15mm=15x10%m
. . nDN
Tangential velocity of shaft, u= 60
_ 7x04x190 _ 398 ms
60
. . T —_ %
Using the relation, u dy
where, du = Change of velocity = u—-0=u=3.98m/s
dy = Change of distance =t=15x103m
T = 10x&83=1592 N/m?
15x107

This is shear stress on shat,

Shear force on the shaft, |F = Shear stress x Area|
1592 x D x L = 1592 x w x 0.4 x 90 x 1073 = 180.05 N

D
Torgue on the shaft, T = Force x >

180.5x% =36.01Nm

2nNT
60

_ 2mx190x36.01
- 60

Power lost =

=716.48W

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 = 23.5mm
Viscosity, w = 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 1.5mx 1.5mm F
= 15x15x0.0015m3 T
= 0.003375m? |
Thickness of plate = 1.5 mm 11 mm I 11 mm
Velocity of plate = 0.1 m/sec *L
Weight of plate = 50N 1.5 mm
When the plate is in the middle of the gap, the distance of plate from 23.5 mm
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Width of gap — Thickness of plate)

Vertical surface of the gap = ( :

(23.5—1.5

> j=11mm=0.011m

Now, shear force on left side of the metallic plate

|F; = Shear stress x Area]

d
_ M(_Uj x(1.56x1.5) = 2.5><( 0.1 )x1.5x1.5 =51.136 N
dy ] 0.011

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

|F> = Shear stress x Area

0.1
= 25 15%1.5) =
X(o.onjx( x1.5) =51.136 N

-. 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

m 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°m
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
oo to
d
_ 2X0972 _ 2550 Njm?
0.04x10™
= % =0.725 Njcm?
10" cm

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





