
Chapter 7 Constitutive Equations from Molecular Theories
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Change of 
variables



Integrating with RiRj













Taking the upper convected derivative and combining 
with Giesekus equation 7.1-41











Hence, FENE-P model predicts in simple 
shear flow:

Ψ2 = 0





Constitutive equation:

with the relaxation times given (for the Rouse model) by :

In the Zimm model, hydrodynamic interaction is 
accounted for and a different expression is obtained 

for the relaxation times.





Motivation: Strain-hardening observed
for dilute polyacrylamide solutions

Effect of salt on the viscosity of 170 mg/L HPAM 
in water (Aït-Kadi et al., J. Rheol, 1987)



Effect of salt on the viscosity of 340 mg/L HPAM 
in water (Aït-Kadi et al., J. Rheol, 1987)





Expression for 
the stress



FENE-P 
potential

Coulombic
potential

Brownian
motion

The mobility is taken to be a 
function of the deformation:

reduced extension

7.4-2 FENE-Charged Macromolecules





Predicted shear and elongational viscosity vs. 
reduced shear rate for b= 1000 and β=100





Ratio of normal stress and shear stress for HPAAm 
solutions in presence of salt (CNaCl = 20 g/L); the model

parameters are b=105, β = 5.



7.4-3: Rod-Like and Worm-Like Macromolecules

Fig. 7.4-5 Worm-like molecule
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B  =  Lagrange multiplier , obtained from the following constraint:
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Fig. 7.4-6 Effect of chain flexibility on reduced shear viscosity



Fig. 7.4-7 Conformation tensor in simple shear 
flow, a) rigid rod; b) effect of chain flexibility


