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Exam I I  

CM 4650 
April 2, 2008 

 
Please be neat. 
Please write on only one side of each piece of paper in your solution. 
Useful formulas are given on the back page. 

 
 

1. (15 points)  Material functions in shear flow are written in terms of 11t , 22t , 33t , 

and 21t .  Why are the other five components of the stress tensor not included in 
definitions of shear material functions?  

 
2. (15 points) What is a material function?  What is a constitutive equation?  Please 

give your answer in 2-3 sentences. 
 

3. (20 points) The storage modulus G'(w) for a long-chain polymer is shown below.  
How would the curve change if the molecular weight of the polymer increased?  
On the figure below, sketch the curve of G'(w) for the new, higher-molecular-
weight polymer.  Please pay attention to the details of your sketch. 
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4. (20 points) In steady shear flow, what are the first and second normal stress 
differences 2211 tt -  and 3322 tt -  predicted by the Carreau-Yasuda Generalized 
Newtonian fluid constitutive equation?  Would you expect a fluid whose behavior 
is described by a Carreau-Yasuda GNF constitutive equation to rod climb (rod-
climbg shown below)?  Why or why not? 
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5. (30 points) An incompressible, power-law, generalized Newtonian fluid is made 
to flow in a channel of square cross-section (see figure below).  The flow is 
steady.  The upstream pressure at z=0 is P0, and the pressure a distance L 
downstream is PL.  This is a very common flow in polymer processing. 

 
a) What is the partial differential equation that relates the shear stresses to the 

pressure gradient?  Simplify as much as possible. 
b) What does the stress tensor simplify to in this flow?  Give the formula you 

would use and simplify as much as possible. 
c) What are the boundary conditions for this flow?  Please be mathematical, 

complete, and specific. 
d) BONUS 5 points:  Sketch what you think the velocity profile looks like for 

a shear- thinning polymer (the differential equation is hard to solve; it 
must be solved numerically). 
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