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Study onmulti-scale structures of turbulence in urban canopy layer
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Spatial distribution of turbulence within a cubical canopy was observed in the outdoor
reduced urban scale model experiment using multi—number of thermocouples and sonic
anemometers. It revealed that the turbulence field in cubical canopy was affected by
turbulent structures developed above the canopy layer, which is much larger than the size

of individual cubes.

SR E A
(G EEEAT 2 )
RS RSN & &t

200 94 2, 700, 000 810, 000 3,510, 000
20 1 04 300, 000 90, 000 390, 000

FRE

FRE

FRE
e F 3, 000, 000 900, 000 3, 900, 000

Mooy - L5
BHFEOSE < fE « BRI - KT

F—U—F WA RKEERE - F v/ © 8L - SO BERNE - Wi OBILEL - SLTH IS

1. WFZEBAE S WD 5

AR H T ORI LLFOfE L LT
ERIND, Hih¥ v/ E—EoOiLiEHE0
HEAEHPE L, FheBE LTty /v
— BT EORFL— gD
PELRRRIZ OV THRETT 2 LD TH B,
RSB A EIL, 22 1000m £ £ T3
FETAHIRATE. 10~100m F2 % D K FE—RE7 1B
Mg GHEE) . Z AL O ISR mkLE DB
PR N SHLESERE. © 3 J@h bR

SINTEY, HEREREOFIZXy / v—)E
NEEND, ZHE TOHEBTH KL RE O
72 CIXEICK IO W T OB Y $u s
ENTEY., Zhb 382 OFERICERY H-o
ToAgRIT A 7e < . KO AEERIZOWT
%2 < HfE SN TR0,

2. WEDBEW
T ZCARRRIL, BAME AL BT SR
JE L EGEO 2 s RIARHA 21TV BRI ST



T REIE S E 2 k35 3 >Dfgns, #8
Xy / E—EoRNGLEESIZED X
FSREELEKIFLTWADLHBEETo-
T OB, FLREAB DKo fifEE L. %
D EHEEICE B LT et 21T o 72,

3. WDk

RO RN BT, B8 5 EE
FEEGEN R WIEE S RELE O EE
B o ZS R 21T o 7, BN TR
O, HIZROFHEORE T2 1177,

B OREIZOWTIIUTO 2@V 1T
2o T —0HE LT, BVEXZ BN R
DX v 7 B—EN 3 mEICENENKFE—
FNZA T, BVEXTORIT MY 14 S
L. &Rl 13 o SOMICEMET
A7z, B IREGE R S IR, BT e
WD 1 EE (B 2 fEomS) 12, 1
— BN Tz, [ 2 1 ZHER DR E OB K %
Y, E R BRI, BVEEXF 14 A% 1
o hELT, @A 1 FOEEIZ 35
AEITELE LT, X 3 IS & =T,

P BT R TR T S LA O 22 R 4y
FRFEICOW T, T4 7 — OB 2 K
ETHZ LT, OB S KR A A
HeE L7, IREBA T —v (B km) OELIRE
BN D W TIEARE AR O K& X (50m x
100m) 12k L CHoREWEEZ | iR
BT D[R E O BHME % 22 %3
5L TEOREIEEOL BE-> T, UL LD
EENDRX v / E—EOIRE, HELENIZED
X9 B R RF T R R T o T2,

X1 BAMESHAER (COSMO)
XH D Linel-3 [ZEAVER DEE S TW5D

X2 BgsOBRE (EnEomsi)

13H (=14.5m)

X3 HEsoBE G 7 omsi)

4. Wr7ERkE
(1) BEEBOZE/M AR
BoNTREE LT, BRIk o sl
MR ENREL, Thxy / E—REBOR
FEREBNG IR L CESEMICEELY RIFT 2
ENG o T AT OE SO 2 %,
L%, 0.5 1%, 0.01 50O EECHM S /=il
JEEEORFZERI AT TH D, BYRALD 2 fi%
O S TIE ARk O E 2 Rk LT
WD ZEDNHERTX, ZIUSERL T v /
E—HNOREL L L TWD Z LR T
x5, XOHEST M O BEREAE 4 O BRI D
13 EDEZFFOMN, Fv / E—BNOREEL
B oy A M & ORI X0 K& e 22 R
EERER L, BT L WA Z LB D,
BT, KEEEN FZ2E Xy ) B—HNOU
T TIIRELS BB ICHBEb 5T, KIZ
50D MRS Y E22 LRI R
BHENTWAHZENS, ¥/ E—RNIZA
DAL D ARSI OB X, M RE O
WEGER L D KEWH o L HEHI S5,
NETOBMNG, BE D 2505
JE GRS D i RAE 1S 1A o 7 IR A 3 &
FHELTNWDHZ &, Mk TH Y, EH K
EXELTWDZ ERHLNIZENTND
N, ENERTREOMFBERITE TRA T
HZ &%k, BARKERE T COFERIZLY I
NI LT SR AIRORFETH 5,

a ko)
1"‘-;—“ LU ﬂ\ T ;
¥ b nml?_!?id_iﬁ?ﬂ-ﬁ'__h:_‘_f_f-ﬂ.h#;;m
i Ll - i
Fime (seg)

X4 JEEEBORZERSA  HEEEX
@RI 2 2, 1/Z, 0.54%, 0.01
BOEmELR->TNS



(2) Gefffhi

RNHRA 2B EE ) D & D R 22 i & %
SEHIH L, ZN &2 T Y T AT
Z & CHELAREER I 2 G D FEN D D,
AR TIERE gL E L2069 X957
AR NOZEREEICE BT 57280, mE 2H
(W S O 2 fFO @) CTRHENRIE DRFR
FIIND ., ZIENOFEMED 2 5L EDOKRE
S xR BRI 72k A N2 AR L
ZOE—7 NHLNIEKD K O ITELTS O %

HftE 7o o TN R T T, F DRI,

B2 S T A~ E . ThHENS EZEA~D

Mk XBI L, £7o, @itk L REA O
B IZ DWW T H XRI LT,

K 51X 7 Yy TR S 7 A E
DONE - 2R LT\, I8y
% EREPOENE LT, AN TIIER
1 & C REZEEOIREZE L OFEBE N RN Z
EMRENTWVD, ZHUT DN T X 5Tk
FRDENZOWTHD & BN E T~
DEEEDITOIVTNAIED JFAS . 2% & DFf
BN LY EWVEFRIZE > TRV TS Z &
DR STz, DF VAR HERLD X 5
RN IE RS S - K ) R, B2
B OECIEB Bl TS % Tide <,
T EFATIZES THWDHED IZBWT
ITONTNDEZ AR L TS, ZHiZo
W T RTER O S IZEUEMAT I B W T H 15
T35,

Ejection - Cross section

-15 -10 -5 o] 5 10

Sweep - Crosgs section
2
vH 1

N

-15 -10 -5 0 5

Sweep - Gap

Ejection - Gap
2 .
e 4.8 &
0 S S

15

0

s =
< m
.
L€ e e e e S B O

U, H

X 5 A& 7 o o TS SN IRE
DFRE-RE[E] 5347
B DOEVMNIIEFT (Gap, Cross section) &#
OBk J7] (Ejection, Sweep) DEWEF
LTW5, RENTEMEO 2 5L 1505
SDRET "V EIRT

(3) JA¥: BRI

B 6 134 @ ERNCT v VY LT iR
EEEBASRT NV THD, BIEhEho
RIEFEIRFELRD, BEME S L EE 20
TOPHEHEZ AV TER TSN TV D,
X DR X AR 8 X D 2 % 0D i B TR
SNTHDOTHY, JEEE 0.03 s 0.1
T IZERVVEE S &2 B> T 5, IR Ao
LOIFIREEA 7 — VOB EEEETH S
ZERHMLENTEY, F—AEEEO Y —2
DTFEBOAXT MUVERICLRLND Z &
Ne . RABAr—ILOEENFEETLA
TWAZENREIND, o, BEKEMD
ZE i T R Bl S B kAR
RIS L2 O TH DN, Z ORIz OV
TH FETEY—2 222 LR TE 5,
DLEX Y, RESE LM RE TRET S
ELAEN v /) E—BoEELZHHN
IR L TWD Z LNy hoT,

b
T

0.2 4

E0.5H
0.15 ,"" ~A df{mb\?b 0.01H
I&ﬂi][] vqQ >
d}[‘rp &P \ E2H
by J
£ T 0.1 E%AA
ar
E?é)(pod)
0.05 +
1
10
<) 2y
0 <, r . r —
0.0001 0.001  0.01 0.1 1 10 100

FHIUy
X6 EEEEHAT NLOGEGEEL

5. ETrpdgFam L5
(WFFEREH . WHIEHE R OEEENTTEH 12
(=R

GdEsERm ) (BE6 1)
@ Nottrott, A., Onomura, S., Inagaki, A.,

Kanda, M., Kleissl, J.: Convective
heat transfer on leeward building
walls in an wurban environment:

Measurements in an outdoor scale model.
Int. J. Heat and Mass Transfer, 54,
3128-3138, 2011. WA

Takimoto, H., Sato, A., Barlow, J. F.,
Moriwaki, R., Inagaki, A., Onomura, S.,
Kanda, M. : Particle Image Velocimetry
Measurements of Turbulent Flow Within
Outdoor and Indoor Urban Scale Models
and Flushing Motions in Urban Canopy
Layers, Boundary-Layer Meteorol.,
1-20 (online first),
DOI:10.1007/s10546-011-9612-6, 2011.
e

@ /NEPRSR, BREHES, MHLEE, HeA



@

(0%

O]

I©

@

&

<)

R MY B O ERER IR IET
HEGERE DLW, TARTEK T
4. 55, 337-342, 2011. #FH

Inagaki A., and Kanda M.: Organized
structure of active turbulence over an
array of cubes within the logarithmic
layer of atmospheric flow.
Boundary-Layer  Meteorology, 135,
209-228, 2010. & Hi A

RHEE, RS, s EE—,
BB O X v 2 ©—JgIZk 1T 5
MRS O ks, AR K T
SCEE, 54, 307-312, 2010. #EAH

TS

[ P2 - FGEJE 2 -Marieta Cristina L.
CASTILLO - WEAE S - pf Y - &%+
J ¥ —BNOILEME - E2e LR
T DR L ARTA /K T 55w U, 54,
283-288, 2010. #HFHA

#&) Gr7)

Inagaki, A. and Kanda, M.: Active
Turbulence over an outdoor reduced
urban scale model, Ninth Symposium on
the Urban Environment, American
Meteorological Society, 1-6 August
2010, Keystone, CO, USA.

Inagaki, A., Castillo, M. C. L.
Yamashita, Y. and Kanda, M. :
Numericalsimulation of atmospheric

turbulence within and above a cubical
canopy, Ninth Symposium on the Urban
Environment, American
MeteorologicalSociety, August
2010, Keystone, CO, USA.

1-6

*lEliE' JE2E, # B B, km f#E— *E?EH
¥ E%ﬂﬁ@m@?k/t_g T
5 A E DB A, HARRK R

2010 FEEHFEZ LKL, 2010.5. 23-26, }E}R
Castillo M.C.L., Zhang J., Kanda M.,
Letzel M.0., Inagaki A.: Coherent

structures of a neutrally stratified
urban boundary layer using large eddy
simulation, 7th symposium of
international conference of urban
climate, A7-5 (4 pages), 30 June 2009,
Yokohama, Japan.

Inagaki, A., Maruyama A. and Kanda,
M. : Spatial and temporal scales of

coherent turbulence over outdoor

@

@

6.

reduced urban scale model, T7th
symposium of international conference
of urban climate, P2-12 (4 pages), 30
June 2009, Yokohama, Japan

Inagaki, A., and Kanda, M. : Structure
of active turbulence over outdoor
reduced urban scale model, T7th
symposium of international conference
of urban climate, A3-4 (4 pages),
June 2009, Yokohama, Japan

FEIEE 2, fhH% . BRI
FAREELE O, B ARR S
FEREFREZRE, 2009. 5. 28, <><Li

W FEAA R

2009

(D WFFEREH

ﬁaiﬁ
ﬁ)ﬂ TERY - KREFEBH TR -

JE%  (INAGAKI ATSUSHI)
Bh#

el FE 80515180



