
Kinematics and material functions 
for extensional flows
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Uniaxial Stretching
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The deformation is 
proportional to time, 
when εο= const.

The ratio of lengths is 
an exponential function 
of time

z direction

)(tL
oL

.



• Strong )exp()( tLtL o 
In comparison to simple shear flow 
which is a weak flow.
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Exponential Change

Linear Change• Irrotational
Recirculations are not formed, while the deformation results 
from the stretching and the orientation of the macromolecules.

• Three types
Uniaxial, Biaxial and 2D Elongation

• Non-viscometric flow
The third invariant of the rate of deformation is non-zero.



Uniaxial Stretching

Biaxial Stretching

2D Stretching



Nomenclature

Kinematics
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Biaxial Stretching:
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Exrension in z direction
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Nomenclature

Uniaxial Stretching:

Biaxial Stretching:

2D Stretching:

0,0  b

0,0  b

0,1  b



Material Properties
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Uniaxial or Biaxial or 1st

level viscosity

2nd level viscosity



Extensional Viscosity 
Definition

A lot of materials diverge from this 
observation
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For low rate of deformation:



0

Zero-elongation-rate

elongational viscosity 

0

Zero - shear -rate

viscosity 

Steady elongational 
and shear viscosity of 
a PS melt vs. 
extensional and shear 
rate of deformation, 
respectively



The extensional 
viscosity first 
increases and 
then decreases 
with increasing 
ε.

Trouton Ratio
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Fluid Streaklines
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Velocity Field
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Fluid element



As in shear flows, in extensional flows a variety of basic and 
interesting transient patterns have been defined

• Start-up of Extensional Flows
• Cessation of Extensional Flows (almost impossible)
• Extensional Creep
• Extensional Ramp Deformation
• SAOE oscillation of small amplitude
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PS @390K

A. Bach, K. Almdal, H. K. Rasmussen, 
O. Hassager, Macromolecules 36,  
5174-5179 (2003)
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Molecular Weight of the samples:

Extensional 
increase of the 
viscosity in 
constant value 
of Hencky
strain: 
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Deformation function for 
biaxial flow

Damping function for biaxial 
flow
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• Simple Flow Field
• Represents many similar, but more complex flows
• Simple expression of the stress tensor



Steady Deformation
• Difficulties in reproducing the experiments
• Difficulties even in the steady extensional flows
• Important for many practical processes

Non Steady Deformation
• Difficulties in reproducing the experiments
• Open Question: What is the quantitative increase of 

stresses with the deformation (strain hardening) 



Because they are symmetric.

Symmetry facilitates reaching conclusions for the stress

tensor that produces these well-described flow fields for

each different fluid.
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Fitting with 
Pom-Pom model

Extensional 
Increase of the 
viscosity


