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. Fliid Mech, (1970), vol. 41, part 2, pp. 453450 453
Boving Symiposium on Turbulence

A numerical study of three-dimensional turbulent
channel flow at large Reynolds numbers

By JAMES W. DEARDORFF
Nationel Center for Atmospheric Rescarch, Boulder, Colorado 80302

(Received 9 May 1969)

The three-dimensional, primitive equations of motion have been integrated
numerically in time for the case of turbulent, plane Poiseunille flow at very large
Reynolds numbers. A total of 6720 uniform grid intervals were used, with suh-
grid scale effects simulated with eddy coefficients proportional to the local
velocity deformation. The agreement of caleulated statistics against those
measured by Laufer ranges from good to marginal. The eddy shapes are ex-
amined, and only the w-component, longitudinal eddies are found to be elongated
in the downstream direction. However, the lateral » eddies have distinet down-
gtream tilts, The turbulence energy balance is examined, including the separate
effects of vertical diffusion of pressure and local kinetic energy.

It is concluded that the numerical approach to the problem of turbulence at
large Reynolds numbers is already profitable, with increased aceuracy to be
expected with modest inerease of numerical resolution.

« Deardorff (1970)A°
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P4.7 ENTRAINMENT INTO SHEARED CONVECTIVE BOUNDARY LAYERS
AS PREDICTED BY DIFFERENT LARGE EDDY SIMULATION CODES

Evgeni Fedorovich® and Robert Conzemius
School of MEIEOFGIOQ‘;", Uni\r'EI"Sit'j of Oklahoma, Morman, Oklahoma

Igor Esau
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Environmental Fluid Mechanics Laboratory, Stanford University, California

David Lewellen
Department of Mechanical and Aerospace Engineering, West Virginia University, Morgantown, West Virginia

Chin-Hoh Moeng and Peter Sullivan
National Center for Atmospheric Research, Boulder, Colorado

David Pino
Institute for Space Studies of Catalonia and Department of Applied Physics, Technical University of Catalonia,
Barcelona, Spain
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The Effect of Mesh Resolution on Convective Boundary Layer Statistics and
Structures Generated by Large-Eddy Simulation

TaABLE 1. Simulation grid spacings.

PETER P. SULLIVAN AND EDWARD G. PAT" g, Grid points (Ax. Ay, A2) (m) A (m)
; . ; . A 328 (160, 160, 64) 154
National Center for Atmospheric Research, Boulder, Col B ot (80, 80, 37) 7
C 128 {4, 40, 16) G
3
(Manuscript received 17 November 2010, in final form 15 Feb ED if;’q ﬁg fg f:': ]g:?_
F fo24? (5,52 48

ABSTRACT

A massively parallel large-eddy simulation (LES) code for planetary boundary layers (PBLs) that utilizes
pseudospectral differencing in horizontal planes and solves an elliptic pressure equation is described. As an
application, this code is used to examine the numerical convergence of the three-dimensional time-dependent
simulations of a weakly sheared daytime convective PBL on meshes varying from 323 to 1024° grid points.
Based on the variation of the second-order statistics, energy spectra, and entrainment statistics, LES solutions
converge provided there is adequate separation between the energy-containing eddies and those near the
filter cutoff scale. For the convective PBL studied, the majority-of-thetow-oyder moment statistics (means,
variances, and fluxes) become grid independent when the rati¢ z,/(C,Ay) > 310{ where z;, is the boundary layer
height, Ay is the filter cutoff scale, and Cj is the Smagorinsky tonstant. In this regime, the spectra show clear
Kolmogorov inertial subrange scaling. The bulk entrainment rate determined from the time variation of the
boundary layer height w, = dz;j/dt is a sensitive measure of the LES solution convergence; w, becomes grid
independent when the vertical grid resolution is able to capture both the mean structure of the overlying
inversion and the turbulence. For all mesh resolutions used, the vertical temperature flux profile varies lin-
early over the interior of the boundary layer and the minimum temperature flux is approximately —0.2 of the
surface heat flux. Thus, these metrics are inadequate measures of solution convergence. The variation of the
vertical velocity skewness and third-order moments expose the LES’s sensitivity to grid resolution.
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Introduction

« An aircraft accident at 6/20/2012 1322JST
« Landing aircraft is seriously damaged

« Official accident analysis report conclude strong
turbulence was caused by local topography
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Y —— By official accident analysis

 Lidar observations and aircraft sensors— Strong
turbulence caused by convection rolls ? (Yoshino,
submitted )



Weather overview

Weather observatory report
near Narita Airport (Sakura)
on 6/20/2012
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Purpose

~

* Perform numerical weather prediction on the case of the
accident (6/20/2012)

 Large eddy simulation (LES) to explicitly resolve near-surface
\_ turbulence structures )

) 4

* Investigate characteristics of low level jet in the environment
and turbulence near the surface

4 N

 Validated by Lidar and aircraft observations

* Confirm strong turbulence is caused by convection rolls




Model setup

e JMA’s non-hydrostatic model (Saito et al., 2006)

e Quter run

Horizontal resolution dx: 1km

Grid numbers: 800 X 800 X 80

Turbulence parameterization: Deardroff
Initial & boundary conditions: MANL by JMA
Initial time: 0900JST

* Inner (LES) run

Horizontal resolution dx: 100m
Grid numbers: 1200 X 1200 X 80
Turbulence: Deardroff

Initial & boundary conditions: every 30 mins.

outputs from outer run
Initial time: 1200JST

Surface wind speed
(z*=10m) in whole
computational domain

Outer run

40N +

38N +

36N -

34N +

32N A

138E  141E  144E
T

36.5N A
36N' } “ 7 “‘"‘ *

35.5N 1 ;

N N 5 DS
N NN Seee——

140E  140.5E  141E

X 5

AT T I I T11T e
0 5 10 15 20



Deardroff &7 /L

0E —— du; £ ——

—_——=—— uih; —+— w'e,—— +

ol 51,(u£) ’ﬂ_;:}. (e dx ,[H {E P ;"PG}] £
where e' =3u "+ v +w' %) and ¢ is the rate of dissipation within the grid
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Outer run: low level south-westerly
jet
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Winds and potential temperature
in east-west vertical cross-section
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A sensitivity experiment without
topography

Entire computation

domain and surface
wind (z*=10m)

Wind speed difference (z*=5m):
[No topography] — [Control]
Initial : 2012.06.20.0000UTC (diff 2 result files)
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— Blocking of central mountain ranges accelerate
low-level winds on Tokyo bay in outer run



Inner (LES) run

Vertical profiles around Narita Airport@ 1330JST
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— Strong vertical shearin — Typical vertical profile of convective
boundary layer mixed layer only in Inner run

* Roll convection (z/L~0, e.g., Asai 1970) is expected
 Inner-run result is more reasonable



Horizontal wind speed (z*=15 m)
around Narita Airport
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Compared with Dopp
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Horizontal velocity along runway
of Narita Airport
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Convection rolls on land

50km
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Initial : 2012.06.20.0300UTC
W m/s (z*= 304m

Vertical velocity at
z*=304 m
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max
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Convection rolls are widespread over land
— Rolls were not due to local topography



Observation: Doppler spectrum
width (Yoshino, submitted)

Hypothesis:
Larger Doppler spectrum width - Larger TKE - Updraft?

TKE in simulation
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TKE and vertical velocity w in
vertical plane

TKE (shade) & w (contours)

8|l z>100m: Larger TKE in updraft (w>0)
; Buoyancy production

A z<100m: Larger TKE in downdraft (w<0)
| Shear production
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summary

Numerical weather prediction model is used to reproduce the
strong turbulence at Narita Airport in the case of an aircraft

accident

Successftully reproduced
- Environmental wind in outer run (dx=1km)
- Turbulence structures in LES run (dx=100m)
Mechanism
« |Incoming south-westerly is accelerated on Tokyo bay due
to blocking of central mountain range
 Roll convection occur under strong vertical shear over the

heated land

LES is useful for assessment and forecast of local phenomena



