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•Relevance: some facts about drag reduction

•Governing equations for FENE-P in RANS form

•Reynolds decomposition of FENE-P equations

•Closure needs and analysis of DNS case (LDR)

•A simplified closure with a priori testing of DNS data

•Some concerns regarding limiting cases

•Some preliminary results

•Conclusions

Summary
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Time-average governing equations: turbulent flow & FENE-P
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"Ĉ

ij

"t
+Û
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ik

"Û
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Reynolds decomposition of conformation tensor
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Modeling requirements
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  not negligible, must be modeled

: originates in advective term, it is negligible
  no need for modeling

1) Reynolds stresses?

2) Turbulent kinetic energy ?

3) Dissipation of turbulent kinetic energy or of Reynolds stresses ?

DNS: Housiadas et al (2005), Li et al (2006) JNNFM
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Transport equation for the Reynolds stresses and k
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Transport equation of εΝ
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As for Newtonian fluids, the whole equation will be approximated

New term
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Budget of Reynolds stress
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- Need to model viscoelastic stress work
- Need to model pressure strain (effect of elasticity)- Advanced mod.
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- Viscoelastic turbulent transport is not so important
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Viscoelastic work
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Key ideas:
1) Write down exact equation- complex 4 lines long
2) Get inspiration from it: physical insight, trial-and-error, luck
3) Make assumptions
4) Do a priori testing of each term
5) Select appropriate combination and dimensional homogeneity
6) Try in code - under investigation
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Viscoelastic turbulent transport
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- Same modelling approach as with NLTij
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based on Newtonian model of Nagano & Hishida (1984)
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Some results 1: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Some results 2: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Some results 3: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Some results 4: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Some results 5: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Some results 6: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Some results 7: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Conclusions

- Developed simplified k-ε model: code and closures are working

- Viscoelastic stress power well modeled by NLTij

- Viscoelastic turbulent transport (CUijk) is not that relevant at 18%

- NLTij is also required for Cij

-Closure for NLTij  has deficiencies and needs significant improvement

- Excessive dissipation of turbulence

- Need to model viscoelastic turbulence production close to wall

- Isotropic turbulence does not allow a good model

- Need to consider anisotropic turbulence: anisotr. k-ε and RSM

- Closure for CUijk is fair but also needs improvement: small impact
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