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Turbulent flow (DNS) databases
‘!—-._become common




Researchers using DNS
databases gain advantage




Full DNS
database
requires
too much
storage




Complete database can be small




Storing only the master-mode set
' solves the problem




What master-modes are not

Chebyshev-
Fourier

Wavelets

POD



Master-mode set contains full information
about the developed flow
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In numerical calculations master-
mode sets are somewhat different



Time marching Is done by applying a
recurrent formula to mode amplitudes




Master-mode set definition
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& M 1S a master-mode set



Master-mode set Is not unique: the
minimal one Is of Interest



Master code dictates master-modes to
the slave code
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Dichotomy Is faster than trial-and-error

Do the ° modes form
a master-mode set?
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Modes need to be ordered



Olson and Titi (2003) ordered modes
by wavenumbers
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Ordering by mean amplitude Is similar
to ordering by energy
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Can enstrophy-based ordering be
better?




Ordering by mean amplitude Is best
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Method
Wavenumber K > 5000
Energy-based 2800 < K <3500

Enstrophy-based K~4800




3D channel flow has a master-mode set




Our code works

- Sandham and Howard pseudo-spectral code is reliable
* We test codes by adding a body force

e Standard comparisons were also made



We test codes by adding a body force
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Near-wall velocity profiles




Slave solution converges to the master

solution
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Master-mode set size Is close to the
attractor dimension
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~ 20000

Re based on mean velocity and channel width



Master-mode-based database 1s 100
times smaller

= \We had 2621440 modes In total
= Master-mode set size Is less than 30000
= ~100!



Master-modes alone provide a decent
approximation
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Near the wall there Is a problem with

derivatives
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-Viscous diffusion

~"Dissipation rate
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Streaks and vortices largely remain in
master part



Streaks are In the master-mode set
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Vortices are mostly In master-mode set
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Can you have access to the database?
Right now, today?
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Storing only the master-mode set
solves the problem

, Fortran = =

Compiler
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Master-mode database 1s available
online
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University
of Southampton

DNS Database of Turbulent Flows

Welcome to the DNS database of turbulent flows at the Aerodynamics and
Flight Mechanics (A4FM) Research Group, School of Engineering Sciences,
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Home University of Southampton. Data on this server are provided free for 3
Lonin academic usage by different confributors, Users are advised to check related
Frofile paper for simulation details and numerical methods, and should cited listed
Cases references to give credit to the contributors,

= Aplications

= WWeb server Apart from asci files for turbulence statistics, binary files for full three-

= Help dimensional lowfields and other data have also been archived, The web-based

= Forum service built on this server allows users manipulate those flles with own code,

= Contact us iZurrently only FOTRAMNSO code (.20 can be uploaded and run.
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Join us online iMUSHIg Al
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