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Time-average governing equations: turbulent flow & FENE-P
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DNS, DR=18% (LDR)
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Reynolds decomposition of conformation tensor
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Time-average conformation tensor equation
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Polymer stress: DNS
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Modeling the Reynolds stress

1) Reynolds stresses: Prandtl-Kolmogorov model

2) Dissipation of turbulent kinetic energy: 

8

!uiu j = 2"T Sij !
2

3
k#ij

 

!T =Cµ fµ
k
2

!"
N

with

!
N

  

2!
s

"u
i

"x
m

"
"x

m

# Du
i

Dt

$

%
&

'

(
)+ 2!

s

"u
i

"x
m

"
"x

m

#u
k

"U
i

"x
k

$

%
&

'

(
)+ 2!

s

"u
i

"x
m

"
"x

m

# "u
i

u
k

"x
k

$

%
&

'

(
)

  

+2!
s

"u
i

"x
m

"
"x

m

"p '

"x
i

#

$
%

&

'
() 2*!

s

2
"u

i

"x
m

"
"x

m

"2u
i

"x
k

2

#

$
%

&

'
() 2!

s

"u
i

"x
m

"
"x

m

"+ '
ik , p

"x
k

#

$
%

&

'
(= 0

As for Newtonian fluids, the whole equation will be approximated

New term

Next slide
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3) Turbulent kinetic energy: its transport equation
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Viscoelastic stress work: εV
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Key ideas:
1) Write down exact equation- complex 4 lines long
2) Assumptions, physical insight, trial-and-error
3) Do a priori testing of each term
4) Select appropriate combination and dimensional homogeneity
5) Test in code and modify- under investigation
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Viscoelastic turbulent transport: QV
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Predictions 2: Reτ0= 395; Weτ0= 25; β=0.9, L2=900
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Effect of Weissenberg 1: Reτ0= 395; β=0.9, L2=900
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Effect of Weissenberg 2: Reτ0= 395; β=0.9, L2=900
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Effect of Weissenberg 3: Reτ0= 395; β=0.9, L2=900
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Effect of Weissenberg 4: Reτ0= 395; β=0.9, L2=900
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Conclusions
- Developed simplified k-ε model: code and closures are working

- Viscoelastic turbulent transport not very important at DR= 18%

- Viscoelastic turbulent transport is reasonably well modeled

- Viscoelastic stress power well modeled by NLTij

- NLTij required for Cij and εij
V

- NLTij  closure needs significant improvement

- Need to model viscoelastic turbulence production close to wall

- Deficiencies also related to Newtonian part of model

- Isotropic turbulence does not allow a good model

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