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FIELD EXPERIMENTS OF FLOW AND DISPERSION WITHIN A BUILDING
CANYON OF THE COMPREHENSIVE OUTDOOR SCALE MODEL

e AR FEARE 2  EMEAES - phE
Ayumu SATO, Hiroshi TAKIMOTO, Takenobu MICHIOKA and Manabu KANDA

VE£E T (W) EhhRprgeir WERBEEE (T270-1194 TR 1HRERT1646)

HORTERY BT PR E RS Y (T152-8552 HABRXKMIL =T H12-1)
BkaE Tt (W) EATHRBZCTT WEIBREIE (T270-1194 TIERIEIR 7% 71646)

4ESE T R TERY BEITPFRAREERE LFHES (T152-8552 B R K LT HI12-1)

2R

Filed experiments of flow and dispersion within a building canyon of the Comprehensive Outdoor
Scale Model (COSMO) were conducted to investigate the effect of turbulence of outer flow on dispersion
in a canyon. Tracer gas concentration was measured using fast-response photo-ionization detectors (PIDs)
at several points on the central cross section of the canyon. Three dimensional wind velocity components
were also measured using ultra sonic anemometers within and above the same canyon, simultaneously.
During most of the experiments, wind direction was perpendicular to the building face. With both
concentration and velocity fluctuation data, we investigated the effects of large scale turbulent eddies

above the building height on flow and plume dispersion within a building canyon.

Key Words : Building canyon, cavity eddy, dispersion, outdoor urban scale model
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U 0 o, o, Oy u* \
(m/s) (deg) (m/s) (m/s) (m/s) (m/s)

1 59 -8 213 1.87 1.07 0.84 -0.008
2 51 -10 201 176 091 0.71 -0.012
3 43 -18 1.82 1.83 0.89 0.66 -0.014
4 40 -18 195 1.62 085 0.66 -0.015
5 43 -18 185 1.86 093 0.66 -0.015
6 48 -13 201 1.75 094 0.74 -0.009
7 41 -11 176 135 0.79 0.64 -0.009
§ 31 -21 154 113 0.67 053 -0.010
9 32 -15 141 128 0.70 0.52 -0.011
10 52 9 190 157 0.88 0.72 -0.011
11 49 -1 181 179 0.88 0.70 -0.013

U:EHRABEOFEHNRER, 0: T Oy IHiEICx T 2R
Cuvw: EENRERDIBERE, vt EERE

’ Edruﬁ ° c‘iPID
E — |
88}
% 1 B
0.5 E}**{?Ffﬂ

: :

. . 1
x/H

FHRIZROEE

1.5 2 2.5

iTolz. b L—YHRTF v =4 o Fiz
TN U CEA (F oy 7/ &I T) ISRRE L
T2 EARB3mmOME B/ A THOME (K SL=1.5mfEIZE
Pro=Smm®D 7z 25mmElE THEHZBHIT ) L Y RUNTE:
\Z—iEiE (Q=1~4L/min) THIH L. ¥4 FfLo
REBWA & U —IZH (1T BT @ Sz=2H O
JEGRIEEE R (KaijyoBUDA-600, TR-90AH) 7>53K #7230
ORGSR A R-NTRT. Ei 1A O R E
3.1~59m/s, 71 2 BTS2 A A ORI A
KCoTHDH. KR LV RDT-RRLEEDFRIEZ /L
1%, -0.015<2’/L<-0.008 T ¥ FHRMIHH DR DIRREIT
WP E PN TH DY,

z' (g/TH)(wW'T"

1= o M)

L u, /kz'
ZZcz'=z-d, d: PrEZim), L: == -

F7aT7ESm), §: BOIEEmYs), T FEIRE

K), WT': 8875 v 7 Z(ms + K), K: B~ EH
(=04 TH 5.

- 248 -



N
<
<
<

3 ol ¢ - o R
T2t el ow|l o || e
o $ S 2
L o || o P S
o Ore- . 80
1 - & (- %8 |- @ |[+eo
o o o o
() M &u_d_u _‘j'uu HHIHHIH&

050 1.0 0 0204 0 0102 -0.04 00.02
U/Uyy —W/UZH2
-3 FHEIVEHREDIRED

(@:COSMO, < :Uehara et al.”)

c,/Uyy c,/Uyn

Q) EHBIEEEY LT U

k L—Y 4 REEORIEIZI T Aurora Scientific Inc. 5o
digitalPID (ULF, dPID) Z8&f#AH L7-. dPIDIE, Ak
HANZEDA A ACRT v VL) STV —%
FF A BE5 = iz X 0k A A AbEnd
BG 2R U CIREE S Ul B a4 2561 A4
{b#gHE5(Photo Tonization Detector, PID)D—FETH Y, it
FAC[FREDIEE SR TO b L — VLR ] &
NTCN5., ERENIMZER LREHREEO T n e L H A
(10, 100, 400, 1000ppm) % FHIVNTIREE & /1A DRS
A RO HBIEEATV, BEENOREEZRTT 5729
DO IRHIR A G2, EBRCIIdPID % % v =4 N O
e R O3WHE (H=0.6, 1.0, 14) X3 E
(z/H=0.1,0.5, 1.0, FHRDOIH2Z/H=0.1,0.5D2FE) (ZF%E
L7 (B-2) . WaZESho 8% FyINCT 57280, JRE
DO 2345 (1IRUNX107— A =1107—R) &
LY, o5 bEmANT 7 v 7 ORTEICE LE10FELL
D57 r— A Zfffrtge s Uiz, b L—3EBREWATL
T, Fv =AU NB I ONE EIGEE R RS 7 —
7 (Kaijyo®ITR-90AH) Z61aixiE L (B-2) , FEukH
ExEAToTe. o7 RS, R, L I
50Hz CH 5.

3. ERIERLEE

(1) Fv=F 2 ADTNE
B-3ICfiftretGe & L7257 — ADFAE L v G 6
7226 =2 AL O T TAERGRU, 325
B L OSE ST M OLBREDEHE R oy, oy, LA /L
RIS Sww OFE AT 27T, stk s 7 —
(z=2H) THHA ST PRIR U, & W TR L
7o, BP DT T — =3 SR — A DR R 27
7. FRAAOFEEHITF ¥ =4 N THEE L,
¥ v =D TR 6 LaifieasE U T

—~ U, oy
~ i .
2 5 AUy sy
= U,
B. - Wo.shwmeg,
=) 1 X Wosuwi-ra
2
5 i M
°
s 0 A
g =3
Q
g =

Il ' Il

U, 5y (m/s)
H-4 Fv=A2RNDKFE-nEREER

U, ,=2.9m
4= * (a)x/H=0.5,2/H=0.1

(b)x/H=14,z/H=0.5

4 T T T T T |
0 30 60 90 120 150 180
t(sec)

-5 Fvr—F2HAOEZRES) (u,w) BRI (RUNT)

Y, Uehara et al. "OEFEERR & B< —E L T\5. i
HIHOEBRGERIL, v =A L PIZF vy =4 |28
TRERMEERL, Fv =4 PN CIHEIRFEER &R
DAERTDICXL, ¥y = FETIIENRLLNS.
Inagaki and Kanda"}ZCOSMO_EZ2Droughness sublayer'®
DOEEZHE REL > TEY, ZOmE CRIRERE
& DMK E 72D DITSNEDOREN ST 572D Th
D 0, SRE IR OZEEEGE TR S AT CROE
ZiRl, ¥y=Fr FETCIE-ETHS. £, A
FhR L DZELAEH AN AR T/HEV, COSMO TR
SNTELHER T EOE M LY, ollidsME (REBE
RE) A —VOEEPIERITH LD L, oy i3l
REFMETT D Z LM ER S TR Y, AR
FERLINE—EKTD. LA AREINTEYE ST
v —7 &L, ZiUES v =4 R oY ER E &
D RGETHEAME DB THD. DL A ) VARG
T, o, & FRRCJRIRZESR & [FIFREDOECTH Y, SMNED
BTSN,

-4 3% v = L _Fz=1 2HO T 5 I EGRU oy
Ex v =A ublia (WH=1.0) DO3EE (2H=0.1, 0.5,
1.0) (231 D IEREGERU, v =A BT
(x/H=0.633 L ON.4Dz/H=0.5) 2331 DERE TR
HWORRZ KT, v =4 WNORGEIT 2420k &
BUVREZRL, ¥ =4 BRSO G LT
Xy =F L NOHEES LA, £, Fry=F b
D zZH=0.1, 0.5 O 3 it BH F5 J OV T ] BE i 0T <

- 249 -



(xH=1.4) OFEJEBIXFITA, SO R _EARRE T
< (WH=0.6) DOEMEFEGEITFICEDELERY, Fv=
AU NITHEBRRDSEEL SV TN D Z L DR S D. —
IS, Fx =A L HNOTNDIREIEF ¥ =4 DT AR
7 ML XV a) isolated roughness flow, b) wake interference
flow, ¢) skimming flow?> =FEEIZ/3MEE 5. COSMO
¥y =42 DT A7 MEARLOTH Y,

skimming

flow (B EZEOWIUIERE L2070 5 X 51,

X v =4 NITIIEBRIRSEEL S D) IS T 5
WMHUBNTERENTWAL EEZ NS, BHEALYIT
COSMO CEiti L 72PIVEHAIA S 15 H 4172155 W@ua
bwl(%k%ﬁ/ﬁiﬂﬁumﬂmm)iw%%%
F P —DFEBRIRNTERR STV TN D Z & ZHER L
WDBD, AREBRD L 912 EZEREEIEOGE (U12H_18
~4.0m/s) 1Z1E, KV ELEERIZIW T HRZIER7R
PRERIMMNIER SV TWND T gD, 12120, HERm
V50D T35 TSR [ T OO SATEL 7 ) 0D JRGEH | AL
IR AE PSR E B AR L (BR-5) , iR
175@%L0lh3§r(5u /UIF0.87 & K& < Fv =4 L NOPFEILE
FRUNELTIRABIC B 5. v = A BRI I RN AE L
% 2 & IXERAMBLIPO 2DOLES 2 UV BB E O T b R
BENTEY, v =4 NOBHER 7 RS
ZHZTWAHDEEZHND.

Q) ¥ =AUHNDEENT
K-6iZ%v=4>NOREE (xH=06) BIOET
(xH=14) W CFHAL7= b L—3 7 2O FHRECEH
F OV R o DSRE AT 2 v, PSR 8
5747 — ANt % T ARG, s L O &
&H, BFEE (QL) 12k v gLz, MHo=x
T — S IRHTRIGR A — A D f5/ M & B RAE D& %7~

T Ry = A NOREIR TS TE W T <,

AT L 0 F S 2D v =4 L NOTEBR IS
J VR EEYOEEZ~NEINTHD Z R g0sd. AL
& BT W O MR AT O E 2 T EAME CRI8E T h
. VHIREE, JREREUERE L BT — AEORRAENK
=<, FHIR EOHFEAI CRERIZSOENALN
%. ¥y =AU NOVERREITRE & & HITEIMITED
L, B WOy = B3 5 A T g
FHEDKINBTH D, ¥ =4 L NOPREEDSRE A 132
WA b — kv =A  wtge b U-BHEO BIRZER
FEPRY L [FREDMEE TH 5.

B-71ZdPID CFHH U 7= Bl EEc DIRE R AN D— 15| 2 7=
. BRREIAOZeIREE L, mUEWE (vH=0.6) TlXHiEHE
FHT & % v =4 L fads T O BIORERSNIR < i L
TEY, Frv=ArTENL LEE~L N —V T 205
EEIRTWDLZ ERSMND. —J, BT WE
(xH=14) O ¥ (zH=1.0) OEEZITE L L5
LTEY, ¥v=~4r BT EZEORIEIRE SN

AD—ERDF ¥ =4 L PUTEEBR L TV D 2 L D005,

1 o =
(@) - (b)
08 - ® xH=06
- - 0 wH=14
0.6 |- —
= be- be—
04 -
02 |- —
au—o—lc oo-o-o-ol—c
() I —— F I —— F
0 50 100 0 50 100
CU, ,,HL/Q o.U, ,yHL/Q
X-6 FHREQ)EIZEREO)DIRE S
0(x10'6) O(xlO'“) x/H=1.4
(a)zZ/H=1.0 (d)z/H=1.0
20 = 20—
OJMLMKLMALH(FA&LLLJMMJ
80 = 80 =
- 1 ®zu=05 | ©zn=05
B 40— 40
g -
S0 [ YOV FOVENN N SOV
160 160
i(c)]/H =0.1 ‘ i(f)z/H =0.1
0 30 60 9t0 120150180 0 30 60 90 120150180
sec
X-7 :“\—)v—j'zmo)ﬂnlaaﬁ,;ﬁf;@ﬂ%%@J
5
— 4T %
Q LN
o 3 |
s st
5 ®
SO I = °
0 L l l
0 1 2 3 4 5
U op (m/s)
K-8 Fy—ArEELEEETHEEDRERZR
£77, BN OB T OERE IR TH Y, JRE

BRSNS TERERITH S, LrL, Frv=
7y BBt R TR EE MR S TR ORRRIER C 38
WTHIHIRWREDSRH S TWD Z b, Fry=
U PITIER S ATEERIR & I X R > 7o uc L W A
B~ ADRERES N TS EEZ BN, FRSPIX

Xy = IR B < P PEERR & (IE'J75)
ANTIEOEE H72VRNAE L TEY, $r=4
THASOYERUITEERR SR IRFZAE U T D EHEEE L

- 250 -



C,,.L/Q (m¥/s)"

5 | | |
ai - % - %
| [ ] | [ ] |
3r 'Y} i .‘o i °
2 r o [ N Y O
1 o = ® 9o |I
0 [ I I I [ Ll L L I Ll Ll I L [ Ll L I L Ll I L L L
0 2 4 6 0 1 2 0 04 08 1.2
U, ou(m/s) G2 ou(1Vs) G2 ou(1MV/s)

-9 J:D.D_L/JIL(Z 20H)c‘::’F—'\"—7l'/q:iLJ,EJ'h0)E§1$

=21 (U, ,,=2.9m/s) 10 br—=22(U, =2 .8m/s)

10

u', ,u(m/s)
o

W', oy(m/s)
N (e (o)}
(@)Y o N I

-10

160 160

‘:\;: 80 80
<
3 0 0
0 30 60 90120150180 0 30 60 90 120150180
t(sec) t(sec)

K-10 z=2HDERZE B & BRREIRE DR

TWA., H7:ibtﬁ%%k*ﬁymzﬁféfﬁ
TOBHIREORFFFHIFER LD, b 0BG R
hb.

Q) Fv A UEHRE L EZETROBR

B-81Zz=1.2HD T4t S A JEGE & 3 ¢ = N D~
PIRIECye 8B DIPIDDANE) DOBRZ . AR
BRClEsr v = A IR I & OFGEIZ BB LT
—FRIZBO T DRERME LN THENY, ZhuTFy =
F v EORGEROHNNC & b 7220 v =24 NOIEERRN
REDHZ EIL Y X v = A L NOYERDNERIZ /2 57280
Thsb. K81 L7ZCOSMO TRl SN T=F ¥ =4
SRR TR SR & IR/ T 5 b DD,  FZ2fE,
HIZH L TCEDL2ERKREN. B3I RLTEkH I
COSMO Tl v = A F2E D28 Eh R ) A F26R 1 b
NRTKREL, NEOKHELD X ¥ =4 L NOREIZE
A G2 WL AREEDR® 5.

e % U —CEHll S N7Zz=2HDORI & v =AW
DNHJREEDRWRZ I DT, fTe 857/ r—A LD
=1 2HO GRS EOEDEEHE - (3.0m/s) D+10% & 72 %
U =2.7~33m/s D24/ — A Zhii U7-. Hi L7=4—
ADF ¥ =F L EHREE & [RIREZ| O z=2H Tl S du iz
SRS L OB B RGEOBIR A B9, KLV,

5 L4
— /
=
Z 4| /
il /
- ﬁo S
s /e p
Nr\n » | I .‘... PR
k=)
o]
2 [/
0 '/’u L1

0 1 2 3 4 5
C,, .L/Qm?/s)" (i)

H-11 Fr=A TREDERELEE

X ¥ = AV NOREITX ¥ =4 Vg OV R LY
ELVOHINZ & b 72— 3 DM AR L, R
ENEL T OZEEHRGE L ARBIANE . UM EIEEE L2
r—AZFHB LT, zZ22HORGELER L O ¥ =4
WCIHREN RS & W 2 o8 38 A7 o A 3T
(x/H=0.6, ZZH=0.1) DdPID CaHfll SAL7- M DRERY I %
E-10i2d. KL VALY, 7r—X 1Tk FER
FOSHE O RGEEE K E <, MR\ TZ
AUTEBWEEIIRE SN TORY. 2, SVEND
X ¥ =4 VN R ZE R OGS EE RN T T
Dl EEZOND., —HDr—R22TlE, BEEEOZLH)
DNE L, HIFRAHT TR — A1 D25V EE B
HEN TG, iz, HEE RS L CRLH S

NTEY, EREOKSEAMAIICEE L TODEFH2
Az 5. 2L, Fv=A L N~DZERDFAr—A

HZHEAFREN TN DD TH 5.

Caton et all%, KiT-BBREZ W AKREEERIC

X = AN &SN OB DYy ESGE S _EZE ODJ:fﬁfxﬁﬁf;
T, AT DELRRFECKA ST D TR 5 2
LERL, F¥=AUNREOTHFE L TRALRSE

LT3,
-1
ext pext
C:QJ_ ow I )
LUW U, w
22T, Q/L MEEREE, U): ¥y =Ar EZEDF

i, W: ¥v=4>olF, ¢, /U,: ¥v=+

v bZEoELRE, 19 REMRINWA S — L Th 5.

KQUEIA MU — b v =A L axtge & UTHRTIIIZE )
N=bOTHY, FERIE L OIS L AMEEI T
TRV, COSMO T b 7zz=2. OHD KT — 4 % H
WCHQR) L 0 BH U7 & 3 v = AL PR % Lhiik

LCE-ICRT. 7038, RQ)F1% 1%, Caton et al”

BEIZ0IHL 5277, 2R0HOZ RS — 4 #HnWTE

-251 -



HU7RERS, EREz 7 7 7 ¥ —20kEE GERiEo
0.5~2.0fFD#FH, PO CTHIELTEY, HE
OFFRGEITINZ, KIENEEETHZ LlICL D Fy
=AVNOREZREERLS THIT 52 LN TE 5.

4. BhHYIC

BB A —/LET L (COSMO) DEMF v =4
CIZHIWNT, HIRICERE L2 D i S 7z b
L—H A APREEFS KL OVEGE DO [RIRFRIE 21TV, LU RO
REBT.

(1) BAOEM X v =4 NI TH REM RGBT
PR SIVTERY, ZOMIIEF v =42 FZ=O30)
FEGEIZ AT 5. 72720, Fv =4 NOFTUETR
ELIREEIC & 5.

(2) HFAHT TR S 7= 4 AT 3EERIC & 0 & AR
RSB A~EITN, Xy =4 PN TR 2L
AR CEVMEZ R, B v =4 U NICBT
HEHS COBHRE ORI LY, Frv=F4>1 L
ST D A ADFEERS, fEBRIR & Bp o 7o fitduc &
DR ARSI E L 52D T ENTER

() F ¥ =AU NOFIGREET EZEDOFE RGN,

NEBOBENEEZETHZLICED PHIT A ENTES.

HEE - AR, SCAREE R A e A A
REIFZC (B) GREEZES- : 18360234) T X A MAEAIE2E) %
2. ZZICHEART

SE

(1) Ahmad, K., Khare, M. and Chaudhry, KK.: Wind tunnel
simulation studies on dispersion at urban street canyons and
intersections —a review, J. Wind Eng. Ind. Aerodyn., Vol.93,
pp.697-717, 2005.

(2) Li, X-X.,, Liu, C-H., Leung, D.Y.C. and Lam, K.M.: Recent
progress in CFD modelling of wind field and pollutant transport in
street canyons, Atmos. Environ., Vol.40, pp.5640-5658, 2006.

(3) Vardoulakis, S., Fisher, B.E.A., Pericleous, K. and
Gonzalez-Flesca, N.: Modelling air quality in street canyons: a
review, Atmos. Environ., Vol.37, pp.155-182, 2003.

(4) Meroney, R.N., Pavageau, M., Rafailidis, S. and Schatzmann, M.:
Study of line source characteristics for 2-D physical modelling of
pollutant dispersion in street canyons, J. Wind Eng. Ind. Aerodyn.,
Vol.62, pp.37-56, 1996.

(5) Uehara, K., Murakami, S., Oikawa, S., Wakamatsu, S.: Wind
tunnel experiments on how thermal stratification affects flow in
and above urban street canyons, Atmos. Environ., Vol.34, pp.1553-
1562, 2000.

6) FIUE, A EE=, 2, BRHE RERSERT O A

I YU — b3 = PO EESAR I B 2 IR S8R — itk

HUZ IV DIHGAOHERU B % FHRAgE £ D3 —, H
A HERR S, 4995, pp.9-16, 1997

(7) Kim, J-J. and Baik, J.-J.: Effects of inflow turbulence intensity on
flow and pollutant dispersion in an urban street canyon, J. Wind
Eng. Ind. Aerodyn., Vol.91, pp.309-329, 2003.

(8) Kanda, M.: Progress in the scale modeling of urban climate:
Review, Theor. Appl. Climatol., Vol.84, pp.23-33, 2006.

(9) Caton, F., Britter, R.E. and Dalziel, S.: Dispersion mechanisms in a
street canyon, Atmos. Environ., Vol.37, pp.693-702, 2003.

(10)Walton, A. and Cheng, A.Y.S: Large-eddy simulation of pollution
dispersion in an urban street canyon —Part II: idealised canyon
simulation, Atmos. Environ., Vol.36, pp.3615-3627, 2002.

(11)Coceal, O., Thomas, T.G., Castro, L.P. and Belcher, S.E.. Mean
flow and turbulence statistics over groups of urban-like cubical
obstacles, Boundary-Layer Meteorol., Vol.121, pp.491-519, 2006.

(1), FREEE - #SLAYE 2361 D ELITFRELR & Ak
i, 72AM, Vol.26, pp.361-368, 2007.

(13)Inagaki, A. and Kanda, M.: Turbulent flow similarity over an array
of cubes in near-neutrally stratified atmospheric flow, J. Fluid
Mech., submitted.

(HEATES, ARlpse, REIREA, e BAMDH A —L
FT /MBI HPIVERI, KT, #3524, 2008
(15)Roth, M.: Review of atmospheric turbulence over cities, Q. J. R.

Meteorol. Soc., Vol.126, pp.941-990, 2000.

(16)Yee, E. and Biltoft, C.A.: Concentration fluctuation measurements
in a plume dispersing through a regular array of obstacles,
Boundary-Layer Meteorol., Vol.111, pp.363-415, 2004.

(17)Mavroidis, 1., Griffiths, R.F. and Hall, D.J.: Field and wind tunnel
investigations of plume dispersion around single surface obstacles,
Atmos. Environ., Vol.37, pp.2903-2918, 2003.

(18)Rotach, M.W.: On the influence of the urban roughness sublayer
on turbulence and dispersion, Atmos. Environ., Vol.33, pp.4001-
4008, 1999.

(19)Oke, T.R.: Street design and urban canopy layer climate, Energy
Build., Vol.11, pp.103-113, 1988.

(20)Louka, P., Belcher, S.E. and Harrison, R.G.: Coupling between air
flow in streets and the well-developed boundary layer aloft, Atmos.
Environ., Vol.34, pp.2613-2621, 2000.

(21)Eliasson, 1., Offerle, B., Grimmond, C.S.B. and Lindqvist, S.:
Wind fields and turbulence statistics in an urban street canyon,
Atmos. Environ., Vol.40, pp.1-16, 2006.

(2 LJF3E, AMLE=, B)INE, FapE AR —bFr=
7 NERD RKIGIE LB 2B K ORRZL
TEFEDFCEN T B % RSB — T S 381 DG DAL
BRI 2 EBATE = D5—, BARRESEARGHE R
4, 5245, pp45-52, 1999.

(2008. 9. 3054)

- 252 -



	header247: 水工学論文集,第53巻,2009年2月
	NextPage249: - 249 -
	NextPage248: - 248 -
	NextPage247: - 247 -
	NextPage252: - 252 -
	NextPage251: - 251 -
	NextPage250: - 250 -


