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FEMRHETY RRERRETER AU RFREEHENTIRE S, BAFRES
54 BT T KIREIBFS, 10 Kaltenbach 2515 3 B Xt 1 o 30 46 BE 40 15 A 84T T 38
B HBRUASFEHIERAFR RIS EES TV MR, EFaE RS RER
GRS BHTIRMAET T KIBREBBIR, 3538577 SGS(subgrid-scale model ) 2 B i35 Fi # it
FTEE. AREIEUANRREEXRFTEESENHER,GFEZSM T DNSHATH Pr
B BRI RN EEX T RS HRMNSL.

ERNZATRBFR P, TEHR T M E R MBS, RRR S BN R B R
LIRS AE RIR S REMEAL, LI RBT IR B M E WM S M E. AR ETHES
#g, ROVFEXONRMME G5, BEGNEHFEURR S I B RAK
BRE®HLSHE.

1 YA ABE T B

1.1 $EHY

ARES MG RSB AT
XA 1 B, K R m mEm
HKEZHR 102 emx 10 emx 10 em (51M
x SM x SM, M A&RERIEE). 430K
Wb T B, LB ONEE# D 0.02 m
i, WEFEEARERMKEZMAOZEA.
1.2 BHAR

M1 tanemN BB, TR (R A

SBRTBRMEERZEFR)IT.

iy, (1)

YV ordx T o Y& T (2)

(3)
XE ER- - ﬁ%iﬁEI&FB‘JIE,

---R—SUR;I' R:u—uj—uu qJ_Tu T_J,P_‘E R;kk (4)
XiF A% F IR i SR H TR FR B Smagorinsky-Lilly SR #EFTHEHE) it‘:F' T RTAEERR. N
ES(ESEEMER), 0 WEE, o, NEEEE, T BB, u, 710 23000k E 2 &5k
R, g RENMEE, v o 25 0KEESI BN R EIT BES.

REH#

p=p(1=B(T)T, + B(THT), (5)
REFTRPEFEDI N
pr = ag + B(T)T,, (6)

pry = B, gpy A1), ™)
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B(T) =
(67939.5-9095.3 T+ 100.2 T2 - 1.12 T + 6.54 x 10>T*) x 107, (8)

RP, oo BEY, T. WSHRE, BOVFEKE.
1.3 MisE K4

AGHERER 197 7. BENVRZEERE, MEEE I U(z) AR 58 i
HE KRR, MR RER 15%; BEAH T(:) R\ETRTE, HFEEH I MIEA,
HHRZE 4 0 K,5 K, 10 K, LIE S F TR RIAEE S . 4 CRAEE i 00 76T, f 30
RN ERES N EESTR EEMBENES. & ORAXRS DR &4,

B TEXHRPHINXOHFAHE BN PLOXMBEE, AR EENA G . LT
BEENA TR T, I RAXEY EFEEEHR &M

B [ R A B —BosE B R B U U A BRI K R 0.002 5. SHE AR S RIEHRA
ZhrEA P LES B BRE RS REHR A ERDRER. AGHERA
T CFD-fluent 34Th, 21 R %14 R Fl UDF(user defined function) 25 ! , /5 &b ¥ 3% B Matlab 1 For-
tran HRF2 5T L.
1.4 HHIR

AXHETHRAR DEBFHNIL,F 1 XIRFFEREHN 3P THHS Sh),
F2XALTRBZREER S KWHSTBHERL(RS WD), E3XRLETHEREER 10K
MRS ZEBL (RS SW2)). AHEHE, ETREMEYEE (U) BEE0.125 n/s, XTH
WHE BE Y Renolds 3 (Rey = UM/v) 9 2 500.

%1 AU TR %

" FHEE U /(m/s) EEZE AU /(ns) BEE AT /K $& 41 Renolds 3 Rey,

1 Sh-1 0.125 0.0 0 2 500
2 Sh-1I 0.125 0.02 0 2500
3 Sh-M 0.125 0.05 0 2 500
4 Si(1)-1 0.125 0.0 5 2500
5 Su(1)-1 0.125 0.02 5 2500
6 St(D)-M 0.125 0.05 5 2 500
7 S1(2)-1 0.125 0.0 10 2 500
8 Si(2)-11 0.125 0.02 10 2500
9 Si(2)-1 0.125 0.05 10 2 500

1.5 HHERMRIE

J T RAEASCGTE S R ARSI R IERE, RNEENCHANERREATTH
R, X BB E R T T .

IS RAE F B R IR SR, B 2 A T AU S RS Komori 71 Nagata ™ 3
RERBATHM HLIRIE, BB THAMIE, B «/M = 14,20, LEHNBAUETHE
REZ NPT ERRLMRE, TURR, HEERESXRERELYE.
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SRMATE N TIFS A LA RZ S HE# T AEMRERE, B TXEREHAEERH
B EE S BES BRI R P8 Z X,

ARREF RTRES, BARS—IHRMELR. EERGTENERANRS, R
Brunt-Vaisala 375, XFRIZSIRE N = [- (g/p0)(35/3y) ]2 BN = [ - (g/To)(3T/3y) ]
KRR, LSRR, FAFREREE, BRERGS BRI, BHER
HELZZBIFEREZENR A HETIEH.

20 T E3AEMTHRORERAEEE K
B OS] R, T B R WO R
N X :w:u XA ERSINES IR ER, P
U S X o s | NEFGRZFERN. THAREREER
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i M et B ERTLRETNN S AR
o E R RS T E

”n 10 20 30 20 50 MR
e —A RSN TR 5o 325
B3 BAERRRANRL ~ MR yo + § BT, AR LA AL

*

v =-JeE| = Je00 g, (9)

Hr, g AEIMERE, N ARICPREGFAER. X TEBRISG, LB yo LF K SE R
A in ShREST B A
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=1
K = 5p(y0),

(10)

XB, o AEAKGEE . WRXERIEHEANLE yo BHZE 50 + ¢ FELLISHEE

AL Rae, WA ¥ = K, B

(11)

I, B GER F-fr B %, B T 0 SRR 2 TR (L A S RERT T 2 INBE R IR IR

BN Ly, B Ly = § = o' /N, HA o' RonZEE BRahE E #3718,
R, ATLARE X L, = 6"/ RV BIR R SRR B, RIEM A AAE M L ELEZ

ATATE B BROL, Hp 0 ARKSHBRH AR, B = dT/dz HEEKBERE.
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SR MEAE.
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2.2 Hithik

R EFARAE FRZERRE T HEN EEMNRER, X T Gauss AT &, IRAE
FEFO,MEHEATETF 3. BERMFHET S, BMREE M RME Gauss K. —HE
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BE AR Gauss 2370 (CFIBER F14E 3 I ) , 55 413 1) Bk 3 i B 080 7 38 B F L o ) A (A B
i 3,3 T BB 7 J2 r 2 (6 Bk 3 40 64 RS B s BU T ARSR , PR IH TR A 3 R K Bk
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Ak, 2 BIASC Rk 3h s BE ARk sh R B i3 BT R B AL, ATLLR BE B BEEE Hi 32
ZHTR/ MY, X E B R B R REE WS T R R, RS EME S, R EE W W R
A, R RREHH FR B EWHTRS , W SRR REREHE. HITLEE

B, ELARSMEEAE RO RER/NT 0 < 0), THAREHRBEHETERAWT
EBEHMRBREMA (v < 0,0 > 0) Fm LEsIMKRBREME (v > 0,0 < 0) EFRTR
Mol B b RAR R P BAE L FESNRRREME (v < 0,0 < 0) A LiEFh
HBRAEMA (v > 0,0 > 0), BRXELBRRAERR, HFRRAHTELRM.

2.5
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x/M

(h) ty +0.8s

2.5

0 5 10 15 20 25 30 35 40 45 50
x/M

(e)tg+1.6s
B 10 HFEHEMERERL (TR S(D-M)
2.4 FRBMZEEN
AN RREFEG T RIEWHORRIEARRBRESSHNTEMRBIR, FoWY
G BB SE REHAEW, I REPRREAMNMRESHORAAR. RITFE
T AT E &,
St(1)-MM(AT = 5 K,AU = 0.05 m/s) 1 St(2)-M(AT = 10 K,AU = 0.05 m/s) 3t
HEERHITT BT,
BI0SETHIERYUAG TREGHEEEHAIR, RhFEERTRERK
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&, REFRTLERERE, BEEREHEHTRREEMNTRENRE. & 10(2) E
10(b) %A 10(c) HIFA 3 MEZ 0.8 s M ZBREGHWEAE. TURAEREGIET,
L TRERBMERRGNARESHEAZE. FHENZEAMBEEFIREETAH,
MERARARBESE. FANTURR, HARSHIBFEEFEHNHAIRLTHERN
ARESHWZERRE, MERKERRESHMZ K/ NREEHE EBEIRE IREE RS
TN ERmY REKXREZEMES, FRREREZEAKESENELS.

25 e .
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(=)

0 S 10 15 20 . 25 30 35 40 45 50
x/'M

11 FEFENHEERERE (TR s(2)-M)
B[R] BY LD AN 43 2 AR A B0 60 (B 1) AT LURBR, KR BE 25 H ey T 32 BY L1080 B % o i
EHRERR, G TRIBEL T AN ZBESHSEEH, 550 2B ELE, TR
S BN AR,

3 4  #

A XRARNZAFR R LT, TERRAKRELRE S ERERTT
BFST, WRTRRATT F R T I W B AR B AR SR 1, I IR & 2 B R R B AL A0 i B RE T
SRR AL, LUK B DA 22 R i T H B RO S (R , A L R B e T3 It M ) R B4
¥ Gt RIS R SRRSO 50 R LA, EBE IR T 4R 089 VIR X R X AL
HHEmE. BENERERNT:

BAREBREHMAEETRMEME, WIRE, FHRERKHE>ERE, 2
REHE/N; B REQRT R EZHE A FAABRBE, RARESFARENLERK,
{B R By IR A,

Sy BB R RS E MM Gauss 437 (F3H B F7E 3 ML) , 75 5h e T4 2 % 2 11 Bk 3
A M, 6 Bk 3t o P48 R L O 1] MBS 0 35 BY 0B3RSR IR TR 3 ok
B 5 I B Bk 3 4 38 R FE R KB AR P AR R AR Gauss 23 A 9, 1R IR S O GEHAFYESF A
25 ERSIMGEIHSERERE, XEAR - MIERBR T REARB TR, BENT #5F
A5E 4 LR EE .

B REFHNERNELTURAERGLBR D, LTHERBRKRRIFHRRES
WEMRH, FAENZANREEFRREREAN, MRRERRNEEIHE,; HRES
BB E AT R AR L TRENARESMZEINIRS, MRRKAEKREEHZHE
H/NREESE ERFIEE, FRAMERSA THNRRMY REAKXKREZANRE B
AMEEREREZEMREENES ANERFEERT  BESGH/NDRESHZEAE
.
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Large Eddy Simulation of Turbulent Statistical
and Transport Properties in Stably
Stratified Flows

QIU Xiang"z, HUANG Yong-xiang', LU Zhi-ming' , LIU Yu-lu'
(1. Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University
Shanghai 200072, P.R. China;
2. Department of Mathematics, School of Science, Shanghai University ,
Shanghai 200444, P. R. China)

Abstract: Three dimensional large eddy simulation ( LES) was performed in the investigation of stably
stratified turbulence with a sharp thermal interface. Main results are focused on the turbulent charac-
teristic scale, statistical properties, transport properties, and temporal and spatial evolution of the
scalar field. Results show that the buoyancy scale increases first, and then goes to a certain constant
value. The stronger the mean shear, the larger the buoyancy scale. The overtuming scale increases
with the flow, and the mean shear improves the overtuming scale. The flatness factor of temperature
departs from the Gaussian distribution in a fairly large region, and its statistical properties are clearly
different from those of the velocity fluctuations in a strong stratified case. Turbulent mixing starts
from small scale motions, and then extends to large scale motions.

Key words: stratified turbulence; turbulent mixing; turbulent transport; turbulence structure



