[ e

LA AL oI L L e

194 Eal X | B % Vol 19. No. 4
1995 £ 7 A SCIENTIA ATMOSPHERICA SINICA Tuly 1995

— D REK LR O T 5

B HEE

ChmxSFBHAERL, 17 100871 -

® X

LN -TEATHELRBERRERNR TR ERE R, WARRRE IR
PHEETHEMTY, FERIEEESTHEHMARNAELE, BANBEEN, #+E
B, B LIRS BN, IR R T R B A T S i R G
ShiF, LIRBUAR TR Ak FEE A S o Ak,

xR, KREis HRARE #HA.

ik

-, gl

KEBRBEMHKIRER, #LL Deardorfl £ 70 R TH! THE, E4H0%H
20 ZEMEE., Deardorff % s B B lE LR e mHl T T AN EF
INRHEA THMNELRBN R ShEE R S MmSEs T EENER, MRExR
TARRENFEEFERSKALRAERFEPRERE D, 0ERZFE, XHHNFER
W AR, HERREMA, Moeng Moeng 5 Wyngaard *I3 -k iR HE 1L 05 &
HAT T AR, SIATHEH B, XA RS A AET THH.
Mason"WE 4 %8 T 4 MR £ B S5 R, 0 R T M B T AY B 2 0
FrE B AL, Schmit F Schumann™ (CLFRIZYE S F1 5> FRE R 2 % R 8 %t
HRLREPHKREN, SHNKHHESHES TEANTFIN. Hadfield %"
Walko %0 5 B W7 R4 #E ARG AH] T b R M B 4k 4) 4 @8, Schumann %%}
A A R A E ST T i,

BRI, 3 iR B B A B e N R R LT T KR T,
KRHEE R S R AR, i, XRTEEXHURRMERBE R -HE
PREEErErAnTEERA. LEHE Mk, BRFEXRSARBHRBRLTEL
FREFME, Hib, @y MPEREYNE, FEMER LR, 4RO CRERAZ S
By, BXMEERE—A KRR T AIER, DR TER %K R H.

-, #® R

ASEMABTE T, e AR AREROEL, RIORAMERS

1994 53 H 14 HUg®E, 7 H 20 A EHESR.
» X THERAREEESNEDN.




416 . * = =l o 18 %

BoT.
M _ 3 _— _ap’ _‘51:,,_, _61, (7L I
o s TV T T Ty e n
L - ap’ 0ty 01y, 0Ty
iR S et~ TR S @
@m__ _‘___ L__ap‘ _61:,, _6ty, _t%i
;b v,‘+306 a8z ax dy dz
i 7 s B 8 0 0T O
Wl =Vt g0 = Ty e )
96 . _ 00 _ 90 _ 08 _Ote Uy O ~
ot “ox "ay Yar T Tox ay 9z ° @)
du oV 3w _
F + 5 +E; =0, (5]
B, (. 0 ARESR, REY () BRAEFY. LLEGRS
Ty = Ry — R0y /3, (6}
Ta = u,_e— 17,-9. (7)
- P Ru B
p_ Po * 3 * 2’ ®
Heh
R,-,-=u,-u,- —E,I-J—J (9)
hEl EFBALEN, MRS EEEAN. EHULBERIOGEN, BRAZE
K REFH R,
XThMERAs, BREHR
oy (LT
T,'}‘— Km axj + ax'. ). (]0)
T,-g= _K;,‘aaTB (1].)
H e B B R R
20— RS, 4 R <1/3
.= (1= Rp) f (12)
0, MR >1/3
K, =K, / Pr. (13)

X S WBEE, R Hi#iE Richardson ¥, A B ERKMEREKERE, Pr
%R Prandtl & (TS, Re. 2, 10 Py R RBEA R XRP)D. ARLxERA
ty R —BrAA, % T IR 5 Wil A b, P B RN vh X% 8 T b A BEAE A LA K
7 At AR TFRHELE",

0

Y Chl L b Y



* T

4 1] BB, —HELS BABREARRY S HR 417

=, WERX, ARFEFSwHN

BREAFHANEESARRATENR. SAHREXE, KEHREM YK
7k BANFRAREMERESD Sk, 6258 Adams-Bushforth #3%.
AH B 8 bR Sk R4 Poisson A FE3E#, 1% Poisson H B i MEsr Mk
Al kAR R,

ﬁﬁﬁ?@”‘ﬂiﬂﬁﬂﬁ%ﬁ%ﬂlﬁ%#, B ARy, v, w, pRIBfEx R0 p A7
BEBHELS, LARIHBRNEY, Fh A5 A8 W8 B 5k ¥ i &
14;[9 IB]

%Tﬁiﬂ’]%ﬂ#&{tﬁ&ﬂiﬁﬁﬁmﬁﬂ%, Rz MERNBERZEMEAS
b, FEEE, CHAPNBEELOSEEEZEFM#E X n—-ABEE 005K ZEIHE
PLB B e, SN oBREGMNEY: (@0 A (0800 m LA TFHE 290 K {1l
Hpy 800 m LLEMCHIG MR, SEBED 10K/ km,

N ECES S VRS S8

2 T BB RS BRI, RITR P EN S0 R TR
IR RIME, AR RS PO SGI BN TR, IR
Efk, HRR MR BERE RS KN 10s, HPEHRBREZE, MSRIEHY
6s. FEMHLES LK 50 min FEHIFE, BN R B MK SIS B8 S
R

ARERHEA WS R AR, A XHEELABIEE M RAG S B
BRYERGIRER, ETAHESS2EY: Ax=Ay=200m, Az=50m, 7, =01 m;s
BB 32 x32 % 30;, W EHRERY 02K + m /s WML SGIHL RSB 1 h
KERE 4 h 65 CPU i HHLH

UL AR RAG MEEWRG R, BEUNME, S8HERERTEANGL
2IG L h @A ¥k, TkFRYGEN —BB AR 55 min ZRMEER, KB 55—60
min Z AGBEEE. B, BREAWHRERHFLEES Schmit 71 Schumann ™,
Moeng A & Mason®Vgs i &5 500 M B 45 4 ST MBI S AEL BE.

B ABRNEERERS 6. K9, & la BEIEMAKEERER( = 164y)
Byx — ZRE LM%, B 10)RERE 500 m #HERY — YRFH L&, K
REMHFHEESY 1000 m, FEE 1b RFGELRE2PHAMEL. AE la TER
H, AT 64km HEEANLEARNTREMDHA, SHHERTUARFEN LR
E,gﬁﬁxhgmm§¢°Am1b§ﬁ,Eﬂﬁ§¢%ﬁﬁ¢ﬂ@ﬁmﬁnﬁﬁ&
BA, FHEKGHWENERRR.

Ez%ﬁ??ﬁ&ﬂﬁ%mﬁﬁoE*ﬁﬁwﬁﬂ%ﬂﬁﬂﬁfﬁﬂﬁ&ﬂﬁ {E
EHNES 1S0m LT, A—BEENE, 150m Ll EH 900 m AGEA{EERE, #
900 m L E HBHEA R KE, 7£1000m d5E LE—BEAREEHE, HyRilE



418 kX K B % 18 %

- (km)

y {km)

p e

B EEES SRR 2 H
(EEY -~ ZRE LI w iy =164y (O)ARFEX — YRHE LM w Sz =500 m)
s EA RS 05 m s, BENORRE, THEAVEM

13 a4 56 7
B (-290K)

B2 kFEFHEREE

bk T bR i B T 6=290 Kbt

®HBRARE, Kbz, =1000m

BHE T W AR LR, W LUR IR
Badih2fE BMORBHEE RS
WET 1K, FBWENE BN
4 T AL 200 m.

M3 =4 o R EHE R E b ER
ZERARSMA " IMBIRE RO
&, B 3a H3b Sy P AT R MRS KT
WEFESEHEEEER. B 3
WR, AEXMAERENEEREDR
B b SR ARSI REN -8,
EEEE, RFRBHERRERK.
KB L, AT 1.

ERLRmRRRETRERESH
B F o 2 5> 3R 3R B 4K (Ax = 200 m)F
¥, fFEE RN % B SR Ok,
R TS 2 e R A H T R IEEIE3 M

PSR, BT 3LA 00 b UK B # B 100 m HEAT B, KRB BT 2l
,%Wﬁﬁiﬁ&%oE&ﬁuﬁﬁﬁ%%&ﬁﬁﬁ$ﬁ¥&¥§ﬂ%§¥wc
W b A EE AR EEE, RIVENSESHRAHEREAS -, Rk
Eﬁﬁ%*h%ﬁﬁmﬁ$,ﬁ—%%Eﬂm&ﬁﬁ%+ﬁmﬁ(ﬂiﬂmmo
@4%&Eﬁﬁiﬁ&&5%kﬁﬂ%%%%ﬁcE?%&Tﬁﬂ&%MEﬂﬁ
ﬁﬂ&ﬂﬁ%ﬁioﬂﬂiﬂ,ﬁﬂﬁﬁﬂ#&*ﬂﬁiﬂﬁﬁ%ﬁﬁ&%ﬂﬁsE%
Oﬁaﬂﬁﬁﬁﬁﬁﬁﬁﬁoﬁﬁ%ﬁﬁﬁ%kﬁﬂﬁiﬁﬁt%%ﬁﬁ%mﬁm

[~ =™’

P CAH Y s



48R ERRE. —AHKARBERBEAHR Y 5HER 419
Loy T T y T T N —  ——
La) r ' b »
1,44 .
. —— R4
_*iﬁw’ : —— RAS P
1.2 A6 (') ~-==Schrut §1 '
’ - -~= Shmit | Schumarn "
1.04 Schumann{u :
N N r
R . A
0.6
| l
}
0.4+ .
4 H
0.2
) r
0 0 uz 03 04 05 06 P S 04 0.8
< owlimo<et s sl <w’>sw’

B3 LEUGHE T (TR0 & AR
(@A T 02 OELRE v BFE, Z AMEERRRE, w, BHELNREER R

10%, X—&ESHB AN RAE R, BSRREEMLER, RIME&EL
R T T CR6IN A ESREE. Yound 8 BT EHLEUMER, X
ol R RME R, BRTLUE IR T Sl B B I8 1 0 it i il A 10% 4
AREAEN.

B 4 dE A EUE kR sk R, i?ﬁ&ﬁtﬁmﬁmﬁl#&*ﬁﬁ}ﬁﬂ’mﬂ%k,

#9%50.2z, B BELL G IR #G dB 4y BB BTk /b X B 2l BB S% R, HREILR
B EHE, FEEIRRE&ET 0 .

z/z

B S AREEERARS, B EH LR S A B RO . TRBRIMAR

| T R —

4
4] ) —— TOTAL £ 141
------ -sGs  f 1
1.24 12-
A ""gc:mitm 3
to (4, e L4
084 o
0.6: 0.6
* p
0.4 0.4
. -,
(.24 D.I".l
. e~ R
42 06 02 04 06 0B 10 -Lo
<wf> v &)
Ba ZHHERMEE - : H5 SEEERHRES, (= W/ W)
Btk TOTAL Rl SGS & ARE R Mz it Bk B b A g R b

Hsrgh4EM, Schomit 1 Schumann R 10)#7
BEER, o, ARELRELRRE



420 PO S < - 13 %

AR SR MR R E A MER. 7L FEIHNGE S MasonCP 2 5 8 4R, &
E¥ A 25CA L, fEHFEMIEHN FHENS Moeng b i BRI, XS, M
A S RERMMAS R 2 A SR, HEE A R B

iAo #

D —AEAVETERNARERIE SGI HBH LB TERIRGTT R
FIHRIE . SREE T HEROYERNHESRE LB AR, WG S e
EE

) BAHTEHE - BN KERNBEOBHEEAToRNER. SUFRAL
REVZHELESHE. AREBHFHRTERELZTHRASRSCHRH LR IMZ it A
i I 2 1 ML SR AR TR R 4

3 WREREVERAx = Ay=200 m EF-— M REAACESBEAERT, BT
A AL FENS I by — B RIR B A 2S5, BT R AT bR A R B A T
AL, PWEHER—ZMESET, X -ERXFH TR IER K E BN .,

P ®F X K

(1] Deardorff, 1.W., 1372, Numerical investigation of neutral and unstable planetary boundary layers, 7. Atmas,

S, 29.91-115.
[2) Deardorfl, J.W., 1973, Thre¢-dimensional numerical modeling of the planctary boundary layers. In: Workshop

on Micrometeorology (D.A. Haugen Ed.), 271-311, Amer. Metcor. Soc., Boston.

[3 ] DeardorfT, J.W., 1974, Three—dimensional numerical modeling of height and mean structure of a heated planet-
ary boundary layer, Bound. Layer Meteor., 7, 81-106.

[ 4] Willis, G.E. and J.W. Deardorff, 1974 A laboratory model of the unstable planetary boundary layer, J. Atmas.
Sci., 31, 1297-1307.

[ 5] Lamb, R.G., 1982, Diffusion in the convective boundary layer, In: Atmospheric Turbulence and Air Pollution
Modelling (F.T.M . Nieuwstadt and H. van Dop Eds.}, 159-229, Dreidel Publishing Co., Dordrecht.

[ 6] Deardorff. I.W. and R.G. Willis, 1985, Further resulis from a laboratory model of the convective planetary
boundary layer, Bound. Layer Meteor., 32, 205-236. '

[ 7] Moeng, C.H,, 1984, A large eddy simulation model for the study of planetary boundary layer turbulence, J.
Atmay. Sci., 41, 2052-2062,

{#] Moeng, C. H. and J.C. Wyngaard. 1988, Spectral analysis of large eddy simulations of the convective boundary
layer, J. dimos. Sci., 45, 3574-3587. °

[9] Mason, P.J., 1989, Large eddy simulation of the convective atmospheric boundary layer, J. Azmos. Sei., 4b
1492-1516.

{10] Schmit, H., aod U. Schumana, 1989, Coherent structure of the convective boundary layer derived from large ed-
dy simulation, J. Fiuid Meck., 200, 511-562.

[11} Hadfield, M.G., W.R. Cotion and R.A. Pielke, 1991, Large cddy simulation of thermally forced circulations in
the convective boundary layer, Bound. Layer Meteor., 57, 79-114.

[12] Walko, R.L., W.R. Cotton and R.A. Pielke, 1992, Large eddy simulation of the cffects of hilly terrain of the
convecilve boundary layer, Bound. Layer Meteor., 58, 133~150.

[13} Schumann, U.. P. Hauf, H. Holler, H. Schmit and H. Volkert, 1987, A mesoscale modc] for the simulation of
turbulence: formulation and validation examples, Beitr. Phys. Atmaos,, 60, 413-446,

1t4] Young, G.8., 1988, Turbulent structure of the canvective boundary layer, Part I: variability of normalized turbu-
lence statistics, J. Armeos. Sei., 48, 719-725.

[t5] Moeng, C.H. and R. Rolunno, 1990, Vertical velocity skewness in the buoyancy driven boundary layer. J.
Aimos. Sci,, 47, 1149-1162, .



44 FEEEF, — AR R E KRN 8 5 R 421

A Large Eddy Simulation Mode] for Convective Boundary Layer

Cai Xuhui and Chen Jlay]
{Center o f Environmental Sciences, Peking University, Beifng 100871)

Abstract

The method of large eddy simulation (LES) is an important numerical method for studying
phenomena in the atmospheric boundary layer. In this paper, a new LES model and its evaluation is
persented. This model.is established on consideration of its simplicity and of saving computation time.
Efforts are also exerted to keep this model reasonable in principle. Application of this model to simulate
horizontally homegeneous convective boundary iayer shows reasonabie results. The simulation also
shows that the model can be used to problems of a rather coarse resolution. It is also possible 1o apply
further this model to more practical conditions,

Key words: large eddy simulation; convective boundary layer; model.
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