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VISCOSITY

Friction force develops ;
 when a fluid moves relative to a solid  (e.g. pipes, channels)
 when two fluids move relative to each other

Viscocity is the property that represents the internal resistance of 
fluid to motion 
   



VISCOSITY
After the initial transients, upper 
plate moves continuously under the 
influence of the force (P) at a 
constant velocity, U

The fluid in contact with the upper 
plate stick to the plate surface and 
moves with it at the same velocity.  

Shear stress

Contact area 
between the 
plate & fluid

The fluid in contact with the 
lower plate assumes the velocity 
of that plate, which is zero (no-
slip condition)
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Units for Dynamic Viscosity



Dynamic Viscosity Units in 
Different Unit Systems



KINEMATIC & DYNAMIC VISCOSITY

µ= Constant of proportionality is called the dynamic viscosity, kg.m/s or N.s/m2

Kinematic viscosity Dynamic viscosity
Density

Shear stress



Units for Kinematic Viscosity



Newtonian & Non-newtonian 
Fluids

Rate of deformation is proportional to shear 
stress

e.g. water, air, gasoline 

The relationship between shear stress and 
the rate of deformation is not linear. 

Blood & liquid plastics

Newtonian Fluids Non-newtonian Fluids



Newtonian Fluids

Rate of deformation is proportional to shear 
stress

e.g. water, air, gasoline 

Plots of 𝝉𝝉versus 𝒅𝒅𝒖𝒖/𝒅𝒅𝒚𝒚should be linear with 
the slope equal to the viscosity(𝝁𝝁).

Value of the viscosity depends on the particular 
fluid, and for a particular fluid the viscosity is 
also highly dependent on temperature

Fluids for which the shearing stress is linearly 
related to the rate of shearing strain are 
designated as Newtonian fluids.

Sh
ea

rin
g 

st
re

ss
, τ

Rate of shearing strain, du/dy 

𝝁𝝁 = 𝝉𝝉/(du/dy)  𝝉𝝉 = 𝝁𝝁. (du/dy) 



Non-newtonian Fluids

Blood & liquid plastics
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Fluids for which the shearing stress is not 
linearly related to the rate of shearing strain 
are designated as non-Newtonian fluids. 

The slope of the shearing stress versus rate 
of shearing strain graph is denoted as the 
apparent viscosity(𝝁𝝁𝒂𝒂𝒑𝒑).

For Newtonian fluids the apparent viscosity 
is the same as the viscosity and is 
independent of shear rate.



Non-newtonian Fluids
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For shear thinning fluids the apparent 
viscosity decreases with increasing shear 
rate—the harder the fluid is sheared, the 
less viscous it becomes. Many colloidal 
suspensions and polymer solutions are 
shear thinning. 

For example, latex paint does not drip 
from the brush because the shear rate is 
small and the apparent viscosity is large. 
However, it flows smoothly onto the 
wall because the thin layer of paint 
between the wall and the brush causes a 
large shear rate and a small apparent 
viscosity.

µap

µap

https://www.youtube.com/watch?v=kC6yJWcli60



Non-newtonian Fluids
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For shear thickening fluidsthe apparent 
viscosity increases with increasing shear 
rate—the harder the fluid is sheared, the 
more viscous it becomes. 

Common examples of this type of fluid 
include water–corn starch mixture and 
water–sand mixture(“quicksand”). Thus, 
the difficulty in removing an object from 
quicksand increases dramatically as the 
speed of removal increases.

µap

µap



Viscosity & Temperature
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