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Kinematics of Fluid Motion

When a fluid flows there is relative motion between
the adjacent layers of the fluid. The layers exert
tangential force on each other which tends to oppose
to destroy the relative motion between them. This
property of fluid by virtue of which it opposes the
relative motion between its different layers iIs called
VISCOSIty.

the force between the layers opposing the relative
motion is called force of viscosity




Newton’s law of viscosity

Newton showed that the viscous force F, acting
tangentially on any liquid layer, Is directly
proportional to Its surface area A, and velocity v,
and inversely proportional to its distance x from the
stationary layer. So,

FxA F & —v, Fmi

the -ve sign of v merely indicates that the direction
of the force Is opposite to that of velocity.
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where 7 Is a constant, depending upon the nature of
the liquid, and Is called coefficient of viscosity.

Now, 5 may be put as %, which gives the rate of

change of velocity with distance, and iIs called the
velocity gradient ; so that, we have

. i dv

- dx
This 1s know as Newton's law of viscous flow In
streamline motion.




Coefficient of Viscosity

It may be defined as the tangential force required per
unit area to maintain a unit velocity gradient, i.e., to
maintain unit relative velocity between two layers

unit distance apart.
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Kinematic Viscosity:-

It Is defined as the ratio between the dynamic
viscosity and density of the fluid.

It is represented by Greek symbol v (nu).

Mathematically




Variation of Viscosity with
Temperature

The viscosity of liquids decreases with increase of
temperature while viscosity of gases increases with
Increase of temperature.

The viscos force is mainly due to cohesive forces
and molecular momentum transfer.

In liquids, cohesive forces dominates molecular
momentum transfer due to closely packed molecule.

Due to increase in temperature, cohesive force
decreases. So viscosity of liquid decreases .




For liquids

H = Ho (1+at1+/3t2)

Where u=viscosity at t°C

U, = Vviscosity at 0°C

a & [ are constants for liquids

For water, «=0.03368 and £=0.000221




In gases, molecular momentum transfer
predominates cohesive force.

With Increase In temperature, molecular momentum
transfer increase. So, viscosity of gases increases
with increase of temperature.

For gases, u = u, + at — Bt?
For air, u,=0.000017, «=0.000000056
$=0.1189% 10~°




TYPES OF FLUIDS:-
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Ideal fluid:- A fluid, which is in-
compressible and is having no

centurion viscosity Is known as Ideal fluid.

Ideal fluid is only an imaginary
W°  fluid as all the fluid, which exist,

 [eeALsoLD st have some viscosity.
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Newtonian fluid:- A real fluid, in which the
shear stresses Is directly proportional to the
velocity gradient (rate of shear strain), is known
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Non-Newtonian Fluid:- A real fluid, in which
the shear stresses Is not directly proportional to
the velocity gradient (rate of shear strain), iIs
known as Non-Newtonian fluid.

Ideal Plastic fluid:- A fluid Iin which shear
stress 1s more than the yield value and the shear
stress Is directly proportional to the velocity
gradient, i1s known as Ideal Plastic fluid.
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