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Establishment of DNS database in a turbulent channel flow
by large-scale simulations

Hiroyuki Abe (Japan Aerospace Exploration Agency) and Hiroshi Kawamura (Tokyo University of Science)

ABSTRACT
In the present study, we establish statistical DNS database in a turbulent channel flow with passive scalar transport at high Reynolds
numbers and make the data available at our web site (http://murasun.me.noda.tus.ac.jp/turbulence/). The established database is reported
together with the implementation of large-scale simulations, representative DNS results and results on turbulence model testing using the

DNS data.
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Fig. 1 Development of DNS in a turbulent channel flow.
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Table 1 Websites of the DNS database in a turbulent channel flow.

Name of websites

URL

DNS database website at the University of Tokyo

http://www.thtlab.t.u-tokyo.ac.jp/

DNS database website at Tokyo University of Science

http://murasun.me.noda.tus.ac.jp/

DNS database website at University of [llnois

http://www.tam.uiuc.edu/Faculty/Moser/channel

DNS database website at Universidad Politécnica de Madrid

http://torroja.dmt.upm.es/ftp/channels

DNS database website at ERCOFTAC

http://ercoftac.mech.surrey.ac.uk/

DNS database website at University of Southampton

http://www.dnsdata.afm.ses.soton.ac.uk/
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Fig.2 Schematics of domain decomposition for process
parallelization: (a) FFT; (b) TDMA.
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Table 2 Computational performance for the DNS at Re.=1020.

Re. 1020
Number of grid points 1,409,286,144
(N, x N, x N,) (2048 x 448 x 1536)
Number of CPUs 448
Number of processes 56
Number of threads 8
Used memory 819GB
1/0O data size 138.2GB
FFT: 300~400MFLOPS
Performance TDMA : 90~120MFLOPS
for one process
Others : 800~1000MFLOPS
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Table 3 Cases of our DNS database established in the present study.
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Velocity field Thermal field
1) Re=180 1) Re=180, Pr=0.71 1) Re=180, Pr=0.025
2) Re.=395 2) Re=395, Pr=0.71 2) Re=395, Pr=0.025
3) Re =640 3) Re=640, Pr=0.71 3) Re =640, Pr=0.025
4) Re=1020 4) Re=1020, Pr=0.71 4) Re=1020, Pr=0.025
Table 4 Contents of our DNS database.
Velocity field Thermal field

1) Mean velocity

2) RMS of velocity fluctuations

3) RMS of pressure fluctuations

4) RMS of vorticity fluctuations

5) Reynolds shear stress

6) Budgets of Reynolds normal and shear stresses
7) Budgets of turbulent kinetic energy

8) Two-point correlations of velocity fluctuations
9) Energy spectra of velocity fluctuations

1) Nusselt number

2) Mean temperature

3) RMS of temperature fluctuations
4) Turbulent heat-fluxes

5) Turbulent Prandtl number

6) Time-scale ratio

7) Budgets of temperature variance
8) Budgets of Turbulent heat-fluxes

9) Two-point correlations of temperature fluctuations
10) Energy spectra of temperature fluctuations
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4. Conditionsd

[P

1. Specified conditions!
Re_tau = 1020

j.Z. Obtained mean quantities!

Re_bulk = 414474

4

4

5. Turbulence statistics!

+
i _mean UL+ Wit
1 0. 1539459+DD 0.153892e+00  0.410213e-02  0.172765e-024
72 0.465327e+00  0.4BB6B2e+00  0.372747e-01  0.143188=-01.
3 0.786334e+00  0.785677e+00  0.105683e+00  0.3768672-01.)
4 0.111676e+01  0.711037e+01  0.212148e+00  0.703570e-01L
b 0.145842e+01  0.745068e+01  0.309349e+00  0.111056e+00L
6 0.181264e+01  0.780749e+01  0.562004e+00  0.158663e+00)
7 0.218076e+D1  0.217157e+01  0.791484e+00  0.212121e+00)
8 0.2566414e+01  0.204822e+01  0.108030e+01  0.270525e+00L
9 0.206413e+01  0.293780e+01  0.141935e+01  0.333007e+00L
10 0,338277e+01  0.334013e+01  0,180750e+0]  0,2308786e+00.
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Fig.4 Root-mean square values of the streamwise velocity
fluctuations.
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Fig.5 Root-mean square values of the temperature
fluctuations.
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Fig.6 Turbulence modeling testing for turbulent eddy
viscosity at Re.=1020.
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