
Name/Purpose/Assumptions

Name. Definition of Viscosity. Sometimes called “Newton’s Law of Viscosity.”   

Purpose. This equation is used to relate shear stress and viscosity. The equation is valid for sim-
ple viscous flows. 

Assumption. This equation is always valid at a fluid/solid interface.

Equation/Terms

τ = µ dV
dr

τ =  shear stress (N/m2 )
µ =  viscosity (kg/m • s)
dV dy =  rate of shear strain (1/s)
(also called velocity gradient)
V= x-direction velocity component (m/s)
y=linear measure in y-direction (m)

Meaning

Application Notes

Approaches to finding velocity gradient  dV dy

If V(y) is given, then take the derivative.
If a plot of V(y) is given, then find the derivative graphically using the slope.

Shear stress is like friction. 

Shear stress will be nonzero
when there is a velocity gradient. 

The magnitude of shear stress depends on
* the value of viscosity
* the magnitude of the velocity gradient.  

Shear stress will be
nonzero for all fluid particles
shown here because there
is a velocity gradient

This is a velocity profile V(y)

y
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If V versus y is given in a table, then approximate the derivative using  dV dy ≈ ΔV Δy .

When is this equation used?
• For deriving equations; for example, the poiseuille flow equation in chapter 10
• For designing instruments for measuring viscosity

Couette Flow

Poiseuille Flow

Derivation

This equation was developed by making an analogy between 
• shear stress and shear strain in a solid 
• shear stress and rate of shear strain in a fluid

The equation serves as a definition of viscosity. 

V

Force F to move
top plate with area A
at speed VF

Velocity = zero at wall
(no slip condition)

h

Velocity is zero at wall
(no slip condition)

Shear stress is
maximum at wall
(largest velocity gradient) 

Shear stress is zero
at centerline
(velocity gradient is zero) 
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