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Turbulent Drag Reduction (Toms, 1946)

Addition of small 
amount of polymer  
gives rise to massive 
drag reduction.
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Simple model for single polymer

=∂u

Restoring force

Gaussian, white Noise



  

Navier-Stokes equation

Lagrangian Particles



  

Two particle separation in channel flow
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Change with time:



  

Cramer's function:



  

Cramer's function and PDF of polymer 
extensions:



  

Coil-stretch Transition



  

PDF of polymer extension



  

Maximum of polymer extensions



  

Orientation w.r.t. Channel geometry
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Orientation w.r.t. Local vorticity
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Orientation w.r.t. Local strain
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Conclusion

First calculation of Cramer's function in 
channel flows 

Verification of analytical theory of polymer 
stretching

Coil-stretch transition

Polymers are more stretched near the wall.

The orientation of the polymers is 
determined by the mean shear. 
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