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It started 7 years ago ...

1. The idea

2. Semi-empirical theory
3. Main effects

4. DNS

5. What next

3rd Review meeting, 18.04.2011. Airbus, Filton Imperial College

There is a chance. Should we try?

A question (in confidence)

by Sergei Chernyshenko
to all involved in the EPSRC/Airbus/EADS project
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How to replace the steady Stokes layer (SSL)
with something feasible?

20% net
drag
reduction



The idea: a rigid oblique wavy wall, much
smoother and with much larger wavelength than
riblets

/1200+

Main flow ~1200"
direction
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The wavy wall will need only a gentle slope due
to the triple-deck interaction mechanism

Ap ~ UAU
U
— ) Ay~ ZAU > AU
Ap ~ uAu
LI
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A match between wavy wall and SSL by the
spanwise shear

Wy = Wy sin(kyx) p =psin(k,z + k. z)

Wss] = Wes1(y) sin (k) Wyw = Wyw (Y) sin(kyz + ko z + C)

bl D P~ 0.90 k2" [k,
dy dy
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A wavy wall Is a few times more energy
expensive than a moving wall

Oupt = 52.56°
Wesl = Wss1 (Y) sin(kzx) Wyw = Wyw (Y) sin(kyz + K,z + C)
usst = U(y) Uww = U(Y) + lww(y) sin(kzx + k2 + C)

_energy dissipated due to wall motion

T energy dissipated due to wall waves
r=23.122 + 2.323—= + 0.7986—= — = 0.7657
kg ka% kz opt

Tmin = 0.846
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An assumption: when SSL and wavy wall
match, the power saved by supressing

turbulence is the same =) 2.4% drag
reduction by wavy wall

Psav40:

30, 2.4% drag

/ reduction at

2
| kt =21 /AT ~ 21/1520
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Wy = 1]
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A fit to the data of Viotti et al. Phys. Fluids, )\37

21(11):1-9, 2009 ;
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DNS — Skewed flow

Azt = Azt <2
AyT €[0.6,4.5
LT x LT ~ 1900 x 3700

AtT = 0.02
2 — 3 waves 700M cells, 1728 cores, ~ 10 days
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There Is drag reduction, but 1% only and at a
different angle and wavelength from predicted
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Also, the drag reduction Is observed at a
smaller amplitude than predicted by the
theory
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DNS: spanwise shear of SSL and a wavy wall

are iIndeed close

Comparison of the shear strain
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An assumption: when SSL and wavy wall
match, the power saved by supressing
turbulence Is the same, but the DNS says:
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_|_
A fit to the data of Viotti et al. Phys. Fluids, )\x
21(11):1-9, 2009

DNS: at this Re, a
substantial part of
the power is saved
due to the change
In the mean profile.

We can have the
same suppression
of turbulence but
less power saved
due to smaller
change in the mean
profile.
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Longitudinal pressure gradient strongly affect
turbulent fluctuations

Change in «/?2 from the baseline
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Conclusions

v' The proof of concept is given: wavy wall produced drag reduction,
although small (about 1%)

v' The wavy wall does create a spanwise shear profile similar to that
created by a steady Stokes layer

v' The semi-empirical theory should be improved by taking into
account the effect of wall forcing on the mean profile energy
dissipation

v Drag reduction can be affected by the influence of the longitudinal
pressure gradient. Hence, modifying wall shape to reduce the
effect of the unfavourable pressure gradient can be beneficial

v Reducing the longitudinal component of the mean velocity induced
by the waves can be beneficial

Talk by Sergei Chernyshenko



