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ABSTRACT

The major objective of this study is to evaluate the turbulent
kinetic energy (TKE) data generated by the Large-Eddy-
Simulation model (LES) improved with a statistic algorithm
developed to process in real time the LES outputs. The
simulations analyzed here were based on a convective and stable
periods. Mainly the TKE vertical profile and TKE budget were
analyzed. All these parameters were developed to the resolved
and sub-grid scale. The results indicate agreement with the
expected profiles, mainly in the convective case.

RESUMO

O objetivo principal deste trabalho € avaliar os dados de energia
cinética turbulenta (ECT) gerados pelo modelo Large-Eddy-
Simulation (LES) com um algoritmo estatistico desenvolvido
para processar em tempo real as saidas do modelo. As
simulacdes analisadas foram para o periodo convectivo e
estavel. Principalmente a o perfil vertical de ECT e o balanco de
ECT serdo analisados. Todos os parametros foram desenvolvi-
dos para a escala resolvida e subgrade. Os resultados indicam
concordancia com os perfis esperados, principalmente para o
caso convectivo.
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INTRODUCTION

Turbulent kinetic energy (TKE) budgets are very
important to understand the planetary boundary layer (PBL)
physical process. Depending on the PBL’s flow, e.g. stable,
neutral or convective, the TKE budget behavior indicates the
main process that is acting in the PBL. Following Lin, (2000)
and Dwyer, (1997), despite the TKE budget has been
exhaustively studied experimentally and numerically, many
problems still remain in the TKE determination and
inconsistencies has been founded by several authors, mainly in
the transport and dissipation terms. Based on these facts, this
work pretends to estimate the TKE budget using the Large-Eddy
Simulation model (LES).

The main objective of this work is using LES to
characterize the PBL’s TKE budget and TKE vertical profile in
convective and stable conditions, over a horizontally homoge-
neous domain.

METHODOLOGY

The computations presented here are equal to the part I
of this paper. Equally, more details can be founded in Moeng,
et.al. (1994), (convective case) and in Saiki et.al. (2000), (stable
one). All the numerical simulations were run using a DELL-
R900 Intel 2-quad (8 cores total) 12 Gb RAM and 1.2 Tb HD.

The new algorithm implemented in the LES model
consists in a real time TKE budget, momentum, humidity and
temperature calculations; the horizontal fluxes were implement-
ted and all the improvements were developed to the sub grid
scale. In this work an especial overview will be given to the
TKE budget and TKE vertical profile in a stable and convective
PBL.

RESULTS

The figure 1 shows the TKE vertical profile for
convective and stable conditions. The figure 2 shows the TKE
budget profile for the same conditions. In figure I resolved and
subgrid scales are presented separately.
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Figure 1: TKE vertical profile for convective (red) and stable (black) PBLs.
Solid curves are for the total field; spheres are for the resolved scale and fine
curves for the subgrid. These results are displayed to the last simulation’s
time-step.
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Figure 2: TKE budget. a) Convective PBL and (b) stable PBL. These results
are displayed to the last simulation’s time-step.

The figure I present the expected results for a TKE
vertical evolution in both cases. For the stable case, a significant
reduce in the TKE profile can be observed. The subgrid either
presents a good agreement with the previous results, e.g. Moeng
et.al. (1994).

Higher geostrophic winds and deeper stratification
significantly increases the shear production, mainly in the lower
PBL. The TKE budget seems to be very sensible to the surface
heat flux decreasing, (stratification process). The buoyancy
profile indicates agreement with the expected results, i.e. large
and positive in the convective PBL and negative and less intense



in the stable one. The transport term, split in energy and pressure
parts, presents conformity with others authors in both cases, e.g.
Moeng, et.al. (1994), Saiki, et.al. (2000) and Lin C-L, (2000).
The total transport is negative in the lower PBL, (except in the
first grid point, see Moeng, et.al. 1994 and Lin, 2000) and
positive in the top. In the stable PBL it seems to be negligible,
mainly the energy part. The pressure term presents positive
values in the lower and upper PBL and the energy part presents
the opposite profile. The dissipation term shows agreement with
expected results mainly in the convective case. For the stable
case the dissipation seems to be slightly underestimated.

CONCLUSION

The statistic algorithm performs adequately for the TKE
budget, mainly in the convective case. In the stable one, the
dissipation term needs to be investigated. The transport term
(energy and pressure parts) and buoyancy indicate agreement
with the previous papers. The shear term agrees in the
convective case and slightly overestimates in the stable case.
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