5 38 45 9 )
2010 4E 9 H

A BF 0% 2 2 (A & B O
JOURNAL OF TONGJI UNIVERSITY(NATURAL SCIENCE)

Vol. 38 No.9
Sep. 2010

NEHE. 0253-374X(2010)09-1266-05

DOI:10.3969/j. issn. 0253-374x. 2010. 09. 002

MEMEHER NP ELERNEFRE SN A

¥ 5t R

B, 2t |

1. P EAFRAR T BE T RRHEFT HL  Jb st 1000135 2. A3k AR TR 9 5 5 3L 56 %, i 200092)

TEE . e d SR BEEEAS I , AR 1) R e 38 5 AN ] 206
T L 378 2 e 2 3 DX ) it S R Bl AR 2 4R Ak SR FAE B)
e RN I 7 R R B IR 0 ks 45 B RELRE BE TR
B IE A AR 4% 58 I RN . B 56 2L T 5Y V) ) i iz (shear-
stress transport, SST) k (i 868D — w (FEHUMN F) LAY, LY
& DS T i sh REREHUIR o J5 A5 BT A BRI 5 IASE 1 5
W R HBUE R T T » LA— 0 24 R 358 kg 9], %o 2z 1 28
AT T BRE s J5 i o W A TR0 N7 R 38— o 2 R SRR XU % 1 2
(EBFLOE AL T . 25 53R W, 28 0 AT LA o A Ak b At
LA HTXEREE T AR 80N, R T B — 8 e RIS 2
ZH1H.

KR . MBS 12 KOASE; MBZET: BV H1 b
B k- o BERL; YR/
hE4S%ES. TU 973 TERARIRAD . A

Tree Canopy Model for Wind Environment
Simulation and Its Application
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Abstract: Although the influence of tree canopy usually can
not be ignored in the research on the wind environment
around buildings, the numerical simulation of the turbulence
flow over a vegetated surface is rather complicated. The
in the

turbulence and momentum transport equations combining with

method of adding additional source/sink terms
the roughness modification of wall boundary was applied to
appropriately model the effect of the tree canopy. Firstly, the
new additional source term model for the turbulence frequency
w equation in the Shear-Stress Transport (SST) k — w model

was proposed theoretically. Secondly, the new model was
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numerically verified by comparing with the experimental
results of the windbreak flow. At last, the proposed source
term model was employed in the optimization design of the
wind environment around high-rise buildings. It is concluded
that the new source term model is accurate and applicable for
modeling the canopy flow, which provides a reference for the
similar numerical researches on wind environment.

Key words: computational fluid dynamics (CFD); wind
environment; tree canopy flow; shear-stress transport (SST)

k — w model; source/sink term

SN F2 ZF I bR 3 5 ] FE R Y
23 GE UL In) . L AT ) A A o X IXUER 5 F) 52 )
AN R 20 A7 R B XU RS 1 X B
3 BEAR T U A e DX XU L B i U B R
NG A B IS . AR TS 1 A L A
BT i T il MR BE AR 2L B T SRR AU Y
SRTE.

W H S BIFTERE (I 5 = TS I Al i A
JEESE W 5 1 1Y B T R KSR ASADUUL i R BRI 3 b 7
LA B I3 2 1B T S AL » B AR AR 1 R
J2 T B AR i D (HAS RE R SDUAE B ) TR A0 45
MEZH W ICHEAT B B #c X 1 i 2 FA 1 5
TAEASE I R RS TH FERY RS B B SR B o
DX B2 28 B Sl R » R SR I U 20 i a5 e v B
AT T iR X RO B UK LR B L (L
TRz 75 R F U NI £ B 5 A 440 25
AN Bl R, SCER 4 TR SST &k — o BRI
RERORE i (R I B85 L (B R FE R R @ 1 B
JRILS, A4,

ASSORG X PR 5 1 AR 45 G » DASEBLAE R RO it
SHRINE B0 T 15 2 3 25 FE AT 28 52 A R i IX 19

FEETH : ESK A RPEEELE % B H (50708014) s [F 5 B AR B3 4 TR FE 1R 98 B H (90715040 5 “+— F.7 B ZBHE SCHE TR

7 BT H (2006BAJ06B05 , 2006 BAJ02A05)

eI B 51975

), L EIWFFE 5L, TR, F ST 18 5 X TR . E-mail: yangyi@cabrtech. com

JBU WI957—) S Bk P L A R T e, RS 1 Dy AR TR A HTX. E-mail: minggu@ tongii. edu. cn



%9

M o A IR BEEE AU F BEAR R A B R 5 i T 1267

WL . 1558 I R T R R R g 2 A
BetxE A O BT U0 F1 %z (shear-stress transport,
SST) k — o AL, NFHIE I 3T T i 3 e FE BU 5
w J7 B B I PR IR AR 5 LR, DA — A B XU
BB SHZ AR AT T BB SR E s T R %A
AU FH 3 — 5 2 SRR KR BE i B A SR A 1T
o AR AAD  H T R S R A L R A
R =Y B S U o3 B N i B | R W
SR H A2 B, AR SCHRE HS R A5 0 R0, FE 1Y) i T
DA W AT A0 S SO A S A8 0 » ELAT — 5 11 B8
WS HZSHE L.

1 SST k— o =2EY F [t iR /i C TR BY

W2 SCERES T BN T v P Y8 Bl A i U

1z 77 A A ADLRE R AU FED B R/ TS B 3R 5

K SR DA R EAT T AR X+ k — e

BEAL, Byt i ZhRE k. i SIREAB R e 7 R BN
U8 AC IR A] 3238k

S, =- CiAu;U (L

Sy = CLABU? — C4A B, Uk (2)

S. = CiA B, %U3 - chadﬁdek (3)

K@) rh: Cq HFH I REG A Syt T 1 R B
(leaf area density, LAD); w; N ¢ Jyla s 4rH; U
SR B s By AR T2 3l 1 3 Bl BE E AR
BERSHFE AL LT = A I R i B 2 1 FL R R A Ba 1Rk
IR A BELAS ) AR AR T A e 400 0 R BG X T AR TR
k—e f5RL, B, F1 By AT ArHIHL 1 Al 45 0y A ag AT
WRE X TARE k — e A, ATHRER 1.5, % F SST
k= o B, A 353, 2 F1 0.

BT k= o BRI k- o FRR 2 0] 4716 A B
FIE SST k — o fAI, Gy R AT S RE & HY%
iz 7 R BREIUR 3 AT 4k 2 R O AR (D) 1 (2) B
L AEXS T SST k — o B i 05 o 7 R Y B
PRI S, (L, 185 22 SCHRBCA TR AR B . SCiHk(4 ]
HIZFH o He MAMEXRR ARA k — e BRI S fE
FEHCR e JrRERIBHInIEI S, SRk, SGE 1 ]
LM AN o TR IR S, BEAY, AE A
R AL LA Y. B k- o B
k — e B Z B AEER R H e Flo T T BRIFA
A TR] s AN FE 187 BR b X 6 Jom 58 207 0, 5 FH 4 P A 3 I 7
HEAT 40 J o T2 2 N Tl 7 R o R AR B e B
RSB

AR BB IIEIR S, RIRL A SR FHERIE 5 i
HATHES . FIH e S o KR e = Cuwk (C, M
SO ERRARRIE k — e FRER e FREH il it B
TERZ S 4, IF ik b TR ARG S k- o B
RO o AT L, FRAEINT o JyREHHI
PRI O R 2

S, = (csw - sk)% )

K S, 5SSk, S, MELR,RERABET S,
S, B DR, T215 30N B fin 5 55
S, =C4A(a, - DB,

€

C ki U=

CaACaq — DBy CﬁUk = C,ACq, -

DB, %U?’ = CACaq — DBy %Uk (5)

KD OFGIKAER T X SST k — o AP T
FE B 500 BB AL T35 ) R o s T A 75

2 HELIE

R e A b 4 %) BRF T 058 A FR AR DA B S8 Ik
(3 P S Bt —BUE B A T 35 0E -4 BB AL
S5 A IR I B A5 R T H A
2.1 HHER

SR S R0 B A A R 5 (&
D #EN T AR I EE XOR B R [ 1 9 Hy hS%
s wy Ry Hy ARS8 KU BB SR AR T A
AR B) 72 (computational fluid dynamics, CFD) &
 Fluent 17, BB b 3 HIRE Ky 100 m
(L) x100 mCH) BFEIE , A9k o 5 0 9t 3l s ) 4 iR
KD, (2) F ) WIE X, 74 iz Jr F2 v i & UDF
(user-defined function) g 2 % & Bt N8 /L0 S,
S FNS,, BEAY. IR FH 45 D X SR Bl A A T
PR 3 b T ) e/ N XA RUBE S 0.1 my, B A BT AR
HA5H.

2.2 HERIBDAZHEE

A 11 )22 A ABEADL R R IR B B (BB 4L ) B
PR S R R A R K S AR R E
XoF 3K — [B) R MR J AR BE AT T BB S %L BT
PR k — e B, S RS AU B ) 3 (DL AE L R S — 28
BRI I A SRS Ik I i A SR iE
F| SST k — o AL,



1268

(I NI S S [ Q =[N S 2 ®)

% 38 %

w(@)=un(2/Hy)"*

=9m

Hb

<>
0.7m+1.2m O x

B 1 EHE RS R E R

Fig.1 Scheme of numerical model of windbreak flow™’
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Fig.3 Comparisons of the mean velocity profiles at different locations backward the vegetated windbreak
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Fig.6 Comparisons of contours of the wind velocity ratios at the pedestrian level before/after
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