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Drag reduction: motivation

2

Drag reduction in fully-developed channel flow
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Can a k-ω model improve on k-ε  ?

Advantages:
Valid across all BL (no damping)
Better in BL with adverse pres. grad. 

Disadvantages:
Too sensitive to ω in free stream

Existing models

k-ε: Pinho et al., JNNFM 154 (2008) 89
k-ε improved:Resende et a.l,JNNFM(2010), sub.
k-ε-v2-f: Iaccarino et al.,JNNFM 165(2010)376

(1st order)

0 order: Li et al., JNNFM 159 (2006) 177

(2nd order)
Leighton et al. (2002,2003) APS, ASME 
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DNS cases: channel flow
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DNS test/calibration cases
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Closures
required
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Rheological constitutive equation: FENE-P
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Reynolds decomposition:
Overbar & upper-case: time-averaged quantities
Lower-case: fluctuating quantities

B̂ = B+ b '

New model: Governing Equations

Independent of turbulence model
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Conformation (RACE) equation
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Model for NLTij is identical to that for k-ε
 (Resende et al. (2010) JNNFM submitted)
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The specific dissipation rate: ω
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1) Estimate of dissipation (large scale)
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How to determine l ?  Generally difficult ! Various alternatives

k Transport equation

Prandtl- Kolmogorov closure
 for Reynolds Stress/Boussinesq app.
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Kolmogorov (1942) 

 

! !
"

k
2) Specific dissipation rate:

 

µ
T
! !

k

"

![ ] =
1

time
ω is better behaved near walls,

but more sensitive far from walls
  

! "
2#

C
k
$ y2



A RANS/RACE k-ω low Re turbulence model for FENE-P fluids                                   Resende, Pinho, Younis, Kim & Sureshkumar

CEFT-FEUP Centro de Estudos de Fenómenos de Transporte                       XVI IWNMNNF, Northampton, USA 7

Reynolds stress closure: eddy viscosity model (k-ε & k-ω)
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New model with Note:
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Transport equation for k
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Viscoelastic turbulent diffusion, DV
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Viscoelastic stress work: εV
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Transport equation of k: final modeled form

New form
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Specific rate of deformation: transport equation
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Viscous cross-diffusion (Bredberg et al. 2002)
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Viscoelastic contribution to ω: model

Definition
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Mean velocity: Reτ0= 395; β=0.9, L2=900
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Turbulent kinetic energy: Reτ0= 395; β=0.9, L2=900
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Dissipation of k by solvent: Reτ0= 395; β=0.9, L2=900
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NLTii: Reτ0= 395; β=0.9, L2=900
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Cxx: Reτ0= 395; β=0.9, L2=900



A RANS/RACE k-ω low Re turbulence model for FENE-P fluids                                   Resende, Pinho, Younis, Kim & Sureshkumar

CEFT-FEUP Centro de Estudos de Fenómenos de Transporte                       XVI IWNMNNF, Northampton, USA

Conclusions, Future Work and Acknowledgments

- k-ω model developed, it works well at Low DR and High DR (50%)

- Closures for elastic terms: similar to corresponding in k-ε 

(Resende et al. JNNFM (2010) Submitted)

- Slightly better than k-ε

- More stable (easier convergence)

- Need for 2nd order Reynolds stress closures: deficiency in k

- Need to extend models to Maximum DR, & β & L2
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