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AXHBET—NKRBRE (ABL) B E =4 R 192mx192mx64m , R R4 96 x
96 x 32, HEBRLEHEREEAEFNMRETE 10 M4, HEEEN 20m. FENESEK
0.1s, MMI4rEH 6400 35, F4MHEN 640s. XF 20m B&EAK, FHREU =2m/s, 4
LF BT 10min WP MEEN. RA SGI Origin 2000 MEH 1T+ EHEE CPU Bt
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Fig.l Vertical distribution of leaf area density (CFYEER LA RMEELRAL), FHS

Shaw R. H., Schumann, U. (1992) #1& £ET i
Fig.2 Verticle profile of horizontal averaged
streamwise velocity normalized by the streamwise

velocity at upper boundary, LAI =5
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HA (1088) ERBARH (LAL =5) HXWERIE LES.Cl. 3 8 # Patton(1007) # LES & BT Wik
THE. RPEPAZLFRBE ST RIEW SR Fig.4 WVerticle profiles of the turbulent

Fig.3 Verticle ciofiics of horizontzlly 3veraged
Reynolds stress, LAI =: 5

B4R mMAKEI A (RREMERFREZN) MXRNE (488 08w Rk sh X
BR4L) BE R BRI 2S4L, It B Patton (1997)19) i LES £ R4 T &k, K EiE% LAI=5,
#XH (Monin-Obukhov & L = —700m). EH/NE LG RBERFREMRAKSIGES &,
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ARFE—ATEOME, M—BRWEE 117 B —5H.  Schumann®® A8 303t 510 3 ¥ bk 3 6%
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ABEH. BESHAMEREAR, EXHIMRBEZEERE —PEEERE B~6m, B
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RBEEES THEDE 20m) #H4 10m g, £ LA%G 10s. B ATREELR

kinetic energy, LAI =5
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Fig.5 Typical ramp of temperature AxEEREHEENEOERBLEH

Fig.6 Vertical cross-section of temperature and velocity
fields from field observations by Cac €t al.
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BEK, ERAEERNMUETED. XM UA—FRX BT A EBE (ejection) A% T, RE
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LARGE-EDDY SIMULATION FOR CANOPY TURBULENT FLOW

Li Jiachun Xie Zhengtong
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract The boundary layer theory proposed by L. Prandtl in 1904 has played a tremendously
important role for aeronautical and aerospace engineering during the last 100 years or so. Nowadays
it has found wide applications both in industry and geophysical flows. The present paper mainly
address to the turbulence in Atmospheric boundary layer (ABL) or its surface layer, which is
closely related to climate and ecological environment prediction. We have reviewed on its principal
numerical approaches: Reynolds average N-S equation method (RANS), large eddy simulation
(LES) and direct numerical simulation (DNS) and indicated that LES has become a potential
approach for practical engineering applications in the near future as more powerful snpeicemputers
are accessible to ordinary researchers. However, a most crucial cask for the svccess of LES is to
work out an appropriate subgid scale modei refiecting reai physics implied 1n it and exhibiting
correlation with DNS a pricri test. As an example, we have investigated the turbulence within and
over forest canopy iun the curreni paper. Considering the characteristics of flows, we have proposed
a new subgrid scale model, which is the combination of Deardorf model and structure function
model. This new model is capable of dealing with both strong shear and buoyancy appropriately.
At the same time, distributed momentum and energy source (or sink), the strength of which is
dependent upon leaf area index (LAI), models the vegetation layer reasonably. By case study, we
have established the database for a few typical flows including strong and moderate convective ABL
and analyzed their statistical features such as mean velocity, Reynolds stress, turbulence energy
etc. The results are proved in good agreement with observations. The model is also justified
by evaluating subgrid scale vortex energy within 5% of total energy. So do the contributions of
respective Reynolds stress components. The results also reveal the observed phenomena such as
adverse gradient transport and organized pattern of temperature ramp in strongly convective ABL,
the mechanism of which can been attributed to the emergence of coherent structure in turbulent
flows.

Key words canopy, turbulence, large eddy simulation, subgrid scale model
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