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A Wind-tunnel Study of the Flow and Diffusion
Within Model Urban Canopies

Part 1. Flow measurements

Yan MENG* and Susumu OIKAWA*
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Fig.1. Schematic of the wind tunnel experimental set-up.
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Fig.2. Array of model buildings for each plan-area density of buildings.

Table 1. Pafameters and representative sizes of the
model urban canopies.

Mnemonic A B C D

Array Type Diamond Diamond Diamond Diamond
Roughness concentration p, 10% 20% 30% 40%
Density in z direction p, 10% 20% 30% 40%
Density in x direction p, 32% 45% 55% 63%
Nearest neighbour separationD  2.1H 1.2H 0.8H 0.6H
Spacing between the building S, 5.3H 3.5H 2.7H 2.2H

p.=bH/BD, p,=4,/A,=bd/BD, p,=a,/A,~b/B

Fig. 3. Determination of variables.
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KENEHIC BT, BYWEEIL L - (8BS ©n
BNDBE T ED L S BT 22 Ic 2w TOEER
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Table 2. Characteristics of flow field
between buildings and on the
roof.

BYEE U I,  UrooF 1.rooF  I+ROOF
mfs) (%) (m/s) (%) (%)
10% 2.49 27.8 1.65 80 13.7
20% 2.30 33.7 2.49 37 0.45
30% 1.57 44.3 2.44 31 0.06
40% 1.64 = 429 v2.3’7 32 0.03
U, : Wind velocity and turbulence intensity between

building M1 and M2 at z=H
Uroor, L.roor : Wind velocity and turbulence intensity on the
roof atz=1.125H

I:ROOF- : Reverse flow rate on the roof at z=1.125H
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NTWb, ZOZONBRIAKE SIE, TNENE
PM1 ERoHBNEY M (Fig. 13 22 ]K) oD
BEEE, 72 3ERM M2 X SRHETORY M3 & DR NE
BEICIZIRS L v, B M2 ORTHICHEET 2 18RI,
B M2 ORIEICHECTREREZSISREBILTWE, &
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Fig. 4. Time-mean velocity vectors (U/U,, W /U,) in the y/H =0 plane.

(a) p:=10%; (b) p.=20%; (c) p,=30%; (d) p,=40%.
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Fig.5. Vertical profiles of (a) time-mean velocity U/U, and (b) reverse-
flow intermittency 7. at the center.
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Fig. 6. Vertical profiles of (a) time-mean velocity U/U, and (b) reverse-
flow intermittency 7, on the roof.
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Fig.7. Horizontal profiles of (a) time-mean velocity U/U: and (b) reverse-
flow intermittency I, in the region.
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Fig.8. Horizontal profiles of (a) time-mean velocity U/ U, and (b) reverse-
flow intermiftency I, in the frontal region.
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EDR (R x> H1m) ICERECETRSFEEL T 3
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A5 o frontal eddy & D EEF PR L Th 2, B
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SNZEEZEZLEND, BYWEEH» 0% LIz 5k,
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DEY M3 LB M oL E TR S, B Ml
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I BGRDED EETGE U, D 0BT & - T 3,
iz, HBERE U OSBUTOHEBIBYEEL 5
WIHBN L2 5ok b, = OB FEMEEIC
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BYWEEY 10%% 5 40% F TELI B EESE
Bhu DEERFED Y ¥ — (y/H=0 D EREN)
BT, RELE) u OBEMEFEEI, EEEE U CE
RIGL 7z,



AREFHF SR

Flow -

g F25s (1997 143

Flow

()

Flow

(d)

Flow

Fig.9. Contours of scalar wind speed U;/U; in the y/H =0 plane.
(@) p.=10%; (b) p.=20%; (c) p.=30%; (d) p.=40%.
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N L7ERRLNE, BWEE 0% EORICEE
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RN %5,

By B DB N M OB DK T )
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Fig. 10. Contours of the standard deviation of velocity o./U; in the y/H =0 plane.
(@) p.=10%; (b) p.=20%; (c) p.=30%; (d) p,=40%.
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UMD E Z A IR E— 72BN TwaiIcxtL
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DRERLE) ICBIT B o/ U DAFESHIZD Ro
% (Fig.12(b)). EREEKBEYHE A, BYEEC
BEZi% (horseshoe shaped vortex) # 5 \»31%£8]
i (trailing vortices) EIHIN 2WHIHEET L = &
BLlHLN TS, BWEE 0%DHAEY M2

DELHEEIC RN =D o/U DE— 7138
BERICL > THELNTWE EEZ LD, BWEE
0%ULEICLBE, Tk ) LBEHEBIFEEL XL
5,

3.4 Hhiy—rniERE

LLEDRERZEZ AbE 5 L, BT EBRICESF
LBaniNB0RE% Fig. 13ICRE3Nd &5 %
BERARTETZ & TE 3,

BYymES 0% L T4 (Fig. 13(a)) 13, &%
B _LE DB I frontal eddy 25 T%, BWEEHOE
HiZ lee eddy AR E NG, FLEBPAELEL 2B
BH% (horseshoe shaped vortex) #ELEL Tvr 5,
Bz, BYWERDETS DAY L HBERIEL T 5,
DRI, BYENOE2 OBRWEEORNEHHE
HBEYWERBLOENE L IZITRBETH Y, “isolated
roughness flow” &WEL:Z EHTE 3, —F, BYH
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Fig. 11. Vertical profiles of standard deviation of velocity o/ U, (a) at the center

position; (b) on the roof.
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Fig.12. Horizontal profiles of standard deviation of velocity ¢4/ U, (a) in the lee

region; (b) in the frontal region.

(a)

Horseshoe L0 ke
VOTteX =

(b)

Fig.13. Schematics of flow patterns associated with the plan-area density of
buildings, (a) lower than 1094; (b) higher than 30%.

EH30% %2 5 & (Fig.13(b)), EBYHIE ® fron-
tal eddy * BHE#£ D lee eddy 13 H BSFEET,

Z0Rb Y ICEELZBRE (cavity flow) 258
MickEEEng, £, BYEoLBZoRLY, EY
iz ANz { &Y, “skimming flow” &IN5

tonmEnE s, 2F5L, BhrANaIcES S
NTWBHBAIHN, AFRED L 5 B, TRRIC
B EN 554, LHREI BRSO THRANCEY E D
flic — oo cavity flow B E LT 5, EE,

skimming flow NFIZ, T FRDOFHEEE px I
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BCBEBLTWS, 2L, BRAEDOFEERE py
B50%ERZ 5 L, BYHILTORBICENT, &
N RP»T EEMENTHE2REICH 20 5TH 5B,
b4 Az, BYWEE % OHEDOWNTT W OFEHE
BE px 13 55% & - T B,

Isolated roughness flow #* & skimming flow ~&

BRRETH I2BEYERE 20%NDEA, LHENOEY
M1E# lee eddy & #&>1475 DEY M3 BT )7 fron-
tal eddy &, & %\ i3 T oMl OB M2 8T o) frontal
eddy &#HORINEY M3 H#%D lee eddy & DHAF
BhiaE 5, ZORRE, BYEHRD lee eddy 73/ &
{ % 5—7, Y M2 i frontal eddy #5227 1)
RES % B, F72EWAER 12 BEEE (horseshoe
shaped vortex) "R eN% {3, ZOK, _LRA
DEPD BT RED BT DB F ORNE % TS
3 Z kT “wake interference flow” LIE3:Z &H5T
=

4. 2 & B

AR TIE, FERICES X N-BYniEOTIE
ENREL, BLRREZIT, BWEEOELIFY
HEKS B & CELA O &IC RITT 8 2 R
NIz, ZORR, UTnd ek s,

(1) W|horey—>i3, BYERELHEEL L=
X3 nsg, BYWEE 10% DR, Wik sk
YynIE o iz & < L7z isolated roughness flow
ExoTw3d, LT, BYEEF20%IC% D &,
B lee eddy &Rt DEWIRIFH @ frontal
eddy & DAHEF#H 44 L, wake interference flow
ERHEN S &) Z RSP TEREI NG, Fic, YR
EA30%L Eice s &, BYER D ALRAS KL
%0, BYUSESLITOREIC cavity flow 25K & h,
72, BYs 3 L EosEEC skimming flow & B
N5 L) TRNBIERIND,

(2) FHEERS UiconTit, BYHEEI LS
(L Bizo0, BYopiih s cofEls, KBNS
(L BDITHL T, BYo BRI TOEITMicE
WEE 0% DR ICR/MER & 5, B, BYO%K
BEREEORAR TR, BWEREICLLT, HERK
o U DIEDE &7 255, B FR.LEhs &R~
BENL Ty CIctEv, BYWRE 10% & 20% DB O3 &
B U DEIRIEE e 2 D3 L ¢, BWEED 30%
22 DL, HRAEENEEBICBWY GEERS U
DEFRE L L5 T D,

@) AAT7—BEZLET 2, BWEED 0%
U EDSZEE, %t T 4 —HBNOBESREL A

& U DX TH B0 T, BWEE 10% 054
TIREREBE U DH30%E T b, $LBWEEL
WBDRFICI, BEWEHFE ATV BRI, #
5% DEIER R L N5 A%, BMEES 30%L ki
TbE, BRENMMRIE -7 Ronk 2,

4) BELE) u DEEFEIZOWTIE, BYEE
10%DEC, BYHBIREB L % DR T oI EL
NOKEEBO R LN 50, BYWEEH 20%LL 1
2% 3 s, BNoREVEEGRLN L L5, &Y
S UTORFR TR, BUWEEOKRNZ L LT, &l
NOFAEBEG R I NG, HELDE « DERERFE
PRAMEER TR ATE, FATER EBRESTER I NT
WBBATTH B,
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A Wind-tunnel Study of the Flow and Diffusion Within Model Urban Canopies

Part 1. Flow measurements

Yan MENG* and Susumu OIKAWA*

Environmental Engineering Department, Institute of Technology, SHIMIZU CORPORATION,
No. 4-17, Etchujima, 3-chome, Koto-ku, Tokyo 135, JAPAN

A wind tunnel study of the flow and diffusion within model urban canopies was conducted. In the Part 1
of the stidy, the mean flow and turbulence structure within and above canopies were investigated. The
model canopies consisted of the cubes of 8 cm high in a diamond array, and the plan-area densitiy of the
cubes was changed from 109 to 40%. Streamwise and vertical velocity components were measured with
a split fiber probe designed for measuring flow velocity in those regions of highly turbulent and reversing
flows. Three different types of flow patterns were identified through cross-sections of mean velocity vectors,
and transitions between them were determined by the density of cubes. The three flow patterns can be
referred to as isolated roughness flow, wake interference flow, and skimming flow, following the nomencla-
ture of Morris (1955, Trans. A.S.M.E., 120, 373~398). As the density of cubes increases, streamwise
velocityes within the canopy decay until they reach zero at the case of p,=40%, and streamwise velocity
fluctuations due to flow separation on the roof disappear for the cases of p,>20%.

Key words: urban canopies, density of cubes, flow pattern, isolated roughness flow, wake interference flow,
skimming flow, turbulence structure.





