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Relevance: drag reduction in turbulent pipe flow
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Escudier et al JNNFM (1999)

- Reduction of shear Reynolds stress (DR)
- Increase of normal streamwise Reynolds stress
- Dampening of normal radial and tangential Reynolds stress

Deficit of Reynolds stress <
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Time-average governing equations: turbulent flow & FENE-P
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DNS case: LDR

DNS, DR=18% (LDR)

Fully-developed channel flow

2,y
v
1 x 2h
We_=25,Re_ =395 A’
) We, = U, Re. = hu_
B=0.9,L" =900 Vv, v,
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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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Exact M, " derivative- not negligible
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CTZ.].: originates in advective term, negligible
no need for modeling
DNS: Housiadas et al (2005), Li et al (2006) JINNFM
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Modeling the Reynolds stress

1) Reynolds stresses: Prandtl-Kolmogorov model

>
— 2 _ k? Next slide
_I/lilxlj — 2VTS,'J' _gkgij with VT — C/Jf f:

2) Dissipation of turbulent kinetic energy: "
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New term

As for Newtonian fluids, the whole equation will be approximated
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3) Turbulent kinetic energy: its transport equation
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Viscoelastic stress work: &'
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Performance of the viscoelastic work model
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Modeling NLT;

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

dc,, ——dC,. —dC,,
uu, —>+uu —2>~Coef Xuu, —-
ox, ox, ox,

NLT, , y ouu, dC, ONLT, —
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Model for NLT;

—e
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Viscoelastic turbulent transport: Qv
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Model for CU-!-

- Same modelling approach as with NLT;
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Final equations: low Re k-¢ type model for channel flow

Momentum: d{n d—U+T —pﬁ}—ﬁzO
dy dy T dx
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k and ¢ transport equations: modified Nagano & Hishida

d pv, \dk d| f(C )CU,M} £(C,.) NLT
0=— +P, —p&" —pD+ = iy i i
dyun ] J —pe mPEEL dy[ A 2 L) 2

I S S 2]

dy

d V.. |d&" Y P eV’
0=— 77 p \ pﬁcel___pﬁcez +pE+E
o, ) dy k p k

f» =1-0.3exp(-R;)

:i 1— dzU 1:1 + ?
L va( fu)(dyzjz h f, {1 exp( —) H

26.5

based on Newtonian model of Nagano & Hishida (1984)
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Predictions 1: Re = 395; We_,= 25; =0.9, L?=900
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Predictions 2: Re ,= 395; We_,= 25; =0.9, L?=900

80

ii2

Cu

60 - .

» Model fitted to DNS

40 -

20 -

odified with simulations

X

0.1 1 10 100 Y

A first-order turbulence m
2007, Napoli, Italy 19




Predictions 3: Re = 395; We_,= 25; =0.9, L?=900
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Predictions 4: Re ,= 395; We_,= 25; =0.9, L?=900
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Effect of Weissenberg 1: Re_,= 395; =0.9, L?=900
Re, =395;C; =0.65;C; =0.18;C, =1.5x107";C,,=2.98x10™

25

20

15

10

u" k™
5
X DNS e X DNS
Newtonian Newtonian
— WeT:(,) We =0
— We =12.5 “,‘444 4L We =12.5
35 _
Wer=15 /“/‘0‘ We =15
P We =20
— We =20 <o <
’ We =25
We =25 k
' 3 We =27.5
We =27.5 ’
: //
V/
/ 5 L
1 [
! ! 0
10 100 0.1

A first-order turbulence model
ERC- 2007, Napoli, Italy 22



Effect of Weissenberg 2: Re_,= 395; =0.9, L?=900
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Effect of Weissenberg 3: Re_,= 395; =0.9, L?=900
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Effect of Weissenberg 4: Re_,= 395; 3=0.9, L?=900
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Conclusions
- Developed simplified k- 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 NLT;

- NLT; required for C;and ¢,Y
- NLT}; 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- and RSM
A first-order turbulence model for viscoelas
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