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'

To investigate turbulence characteristics and organized motion within and above the urban
canopy, field observations were conducted in July 1991 and Nov. 1992 in Sapporo, Japan. The
measurement heights were 5.4m, 10.3m, 18m, 35m and 45m aboveground; the canopy height
was 7m. The profiles of o0, peaked slightly above the canopy, while o, and o, had nearly
uniform profiles. Vertical profiles of Reynolds stress peaked slightly at 1.5 times the canopy
height and decreased slowly with height thereafter. A four-quadrant analysis showed that sweep
and ejection motions caused the higher layer of Reynolds stress, during which high-velocity fluid
from above moves downward toward the surface and low-velocity fluid from below moves
upward. An ensemble-averaging technique was used to isolate typical features of the flow and
temperature fields. A time-height cross section of velocity vectors and temperature contours
showed details of the flow structures associated with temperature ramps. It has been noted that
the organized motions play important roles in the transport of heat near the urban canopy, where
the sweep motion causes negative temperature fluctuation_ and the ejection motions causes
positive temperature fluctuation.

(KEY WORDS): Field study, Urban canopy, Organized motion, Turbulence characteristics,
Sweep and ejection
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54 2.3 0.94 0.97 0.61 0.49 0.14 -61
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FEMIBT 20T, 7T Uy Y TVEEEERL
f%ﬁ%ﬁok.%ﬁ%ﬁ%@%Sﬁ,@@$
BES LHBE» o TN s L TREA,
TBEHEEL S OFNS s id, HMEVEB O
43S EERBNISS v LA RELNDRRSY s T4y
s 3 (Reynolds and Hussain?).

S=S+s=S+5+s" (2)
Gao et al.”® OHEICEH Y, #E & REKS OF
BERIOSHEOBEEEEE S, W 2D

ramp A7 vy v TAEET R Lick b/
IBRFr—DF vy ABENBE BRI, FH

1A
MY bwﬂ

w' (m/s)

0'(deg)
D
é <
(.
>

:\ffz'm AW AT
LY V“VV\

0.5
’§) & M/\
S o A .
= |4 W : v V\/~
(b) z= 5.4m Run BO2
-2 L 1 1 I I L !
430 450 470 490 510
Time (s)
7 ramp HROH
KHliZramp Dz v V%57, (a)z=18m
(b) z =5.4m
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B IEERS L DR EL B, FEE LT, £
TEHIIBMOF— % b LT, BMBEEET
PS4 O ramp BHE 2 FBM B Lz K
—7RREETORERNL, T0hA%
HFILC TN TOR I DREL X CHE 7 — 5 2%
7L, &%, 4043 (Runs B02~B05) o
7—% XD EF 10D ramp /¥y — v E2HH L
7Vﬁ77m$ﬁ%ﬁ0ﬂ

8 icix, 10D ramp ¥% —> D7 4~
7 11/$i’]bu4: D/BOSNIHHBERRY e, wB
LU0 %RT. ramp B ILEEE SO AR
b, BEDOLANR SN LM TREE AR
(ejection :ZEHE) SFAEL, i, BEERTHRE
SN AHHTIIEH T (sweep EE) 2FRA
LTW5, KD ramp EE) S KR O SR E
Bic3FELcHELTws, Hic, Thdo
ramp EFHER & N 7o RO RKA LA WK
FEBICh BT EAEZEZ DL, BED ramp EENTF
TN K BBEE LW XD, FAGOMHREE)ICRE -
THEULTLWARERLEEINETHAD. #-T,

Iz, Y+

T T T T T T T
ensemble average
from 10 events

Q
g 0
13
z=18m
2 L i ! ! ! l ] i
! T T T T T T T
£ 0
13 \/
-1 ! L ! 1 ] { L !
0.3

0.3 ] ! i i ] !
0 20 40 60 80
Time (s)
X8 10D ramp /X% —rD7 ¥ v T I

XD BONAMERRS U, DBLVD
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BEOramp HE2FHANL 2 L 13, BEEH%: 7
v v TVEEOEMSELE L, RhOBEZHNS
CEEFUEBEWTH S, AR TEHAIS AL
ramp & DEEIKE R 5 — v i3#480m T, &
O TFHED DOKEE S BB 0¥ 240m T
5. KEXr — VOfEIZ ramp EENORFE 2 & —
VAE100M & L, EE10.3m O 15 JHE#4.8m/s
ZHWTERE L7:. Bergstrom and Hogstrom?
3, EX20m OBFMCTHERES S JUCEBERICE
i B HRCES) 2 BRI L, B ramp O TR D
IKE R A — VI3 T238m TH 5 T E2HE L
TW3, TOKERTy—id, RERAITHONK
bOEREIA—FTHB.

B9, =&54m, 10.3m BXF18m TD 7
vy TNV L EERE e, w CREEHE
xz WEICRT DO TH 5. FHELEE O ZERM L
4 A =VxRKRTIDIT, Bn (R 23l
THERLE. 103mDESDF— 2 Ffho 2 &
CHIENB BRI S -DICEBEORAITR L.
DX SHERLESI D xz WiHIN DO 7 v % v T
B NiE-z20EALNS, 10.3m &18m K —
WIR/KERREE A 18 Tm BEN THRE S LTV BT
bhhbod, 2 MO RMEE FMVEEZ
ALTWS, it A7r — VD KX sweep &
ejection B 1313 IFEIHZIC 2 DDOHIAL TR -
By, MHEOERELE QCOWOBFFET
SERAE L b D) OZEBMHBIGREIZ08TH 5.
DT &L, BHF v/ ¥ TEOHBLER D

Tt

1(m/s)

HEcm WA A2 R> C L2 &KL, fHRLES 2
wRucEEFE->TWBEZEEREBLTVLS, B5 K
CRIDPSEZHbLESEE, F v/ - LM
EH AN AEID & 5 I 3.

* v/ E— LOMBREDERA A =X &1,
* ¥/ E—EHEORESHICHFET ALK
DHELCEBENBORLZEICL S bDEFHIN 5.
&5, Kanda and Hino® i3, Large Eddy Simu-
lation € F VA2 HWTHEEF » / E—DORADEL
WEEFTEL, E#ESHOEMSALESEAL
FICHAFRA BB SREESE L E 2R LI

K9icid, HE~NZ MVBICERELETT vV
H Y TV L BERH OSSR ERL T 3.
BB L UERIL, R4EEEHBVHELITO
il &SEEELL E o %0.05CHA TR AL D
Th 5. BEXHO Y ozl ERRE X
UTMROMER =S8 L, &4 OEBIKIEBLU
BORBEHSPELTVSE, ZOR, EO#7
597 ADMESN, F v/ E—HNADERESNE
—ftshsc&ichkhsd, COEDOBEEHIZ
ejection BEC k> THEZ & h, AOEELH I
sweep ICL - THIENTWVWB I ELOEZD
L, AERICRONIHBES R, v/ YA
ATCEOEERICERLREZH>TWE &AM
LEPTHB. ‘

—f&iT, WHF v/ E—IEHEORKUTBNTIE,
Hrft, ZEBEOREREBELEV, £Nid,
+3 B S S N ETTARSKUB S O iR B A B 2 B

20 |-

H !
R
{
= r %, l gf' ?’
w0k . \\ L - If j;
~ - | —
- y N BN
0 L A ) L 1 1 1 1
50 25

Time (s) [4_1
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Organized
structure
Sweep  Ejection
u>0 u'<0
--------------------- w'<0 R

B0 #Bri+ + / ¥ — FOHBES AN

B 2EncH B & Oke® AL TV S, A
BREIcBWVWT, ++/ E—BDEOARKIR, A%
TEREED (27/L=—0097 at z=45m), PPRE
EREITH 5 (2/L=—023at 2=18m). —7,
F v/ E-BOFEORKIIFILITEY (&'/L=
—0.05atz=5.4m). EHEIBEDLT BRI, R
LEISIREENGH 18 B DI, iR~ ARk ES)
kBdDT, i, HfiF+/ E-BHIZBL
T, HEEWREARSEEINE X =X 4
FHRLEEIC X 2 BBNTSIEEZ DD TH .

5. F&o

AR O #HIRRA I B W TELIRBIRI 21T\, #B
¥ v/ E—RNICh 1z 5 5EWERH T OELHRMET
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DREREUTOLS I &0 3,

D #ii+r/ E—EFCBVT, ERARD
EEREDOIERRZ 0, OO R F v+ / E— L
T7u—FREY—2s 4285, —F FREIEMH
L1 BRI OEE EEDOEERZE o, LHEH
] OEEEEDIEERE 0, 1312 FEH—B0H
ERY. Ei, VA VB H—uww OEE
S, Fr/ E—FXD1I5ED LT AILE
WE—7%b%5, ThPLOEETY-{ &
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2) #Hi+ v/ EEICB T 2 HEBES O
BEEHEFANS 2D, AERBREEHV
fo. ZTORER, F v/ E-EHBRERESATOL
ZEL4 2 VXL DREIZ sweep B & U ejec-
tion EEjIc K > TESNTWVWB T LS »
Ent, £, IHSOMELER O FRAF ¢

JE—EEHEE3~N4EDE I AILELET B
T EDy o T,

3) #W,h* v/ E—EFICBT BEED ramp H
RFRUZNEFRET IZRNVGOBEE T v v
TWVEHEIC X DTN, ToER, BE
ramp OEBIZHESBEDO LR E TR 2 KR
HDF;D ejection & sweep EEHIT XL - To K
LbNE T EBBHOMIEIN, Fh, BT+ v
) E—REICELET B 05 OBLES) N, IF
DENT 5 v 7 2EED, HRAICF Y/ E-H
NADOREZEE LT 2@EELTVBEEN
S ot #HF v/ E-BRICBWTHGM
WEEHRESHEE I NS 2 = X A 3HHEES)
Kk BHEBHBREEZDbD EHHEN B,

CEE

AER G, BRI R AT —
LREVIRESRRMEEEL, FEFEE ERER
B LUORKYENIEZERBE RS L S FET
KL 7., BeOTHMEHBLET. £,
JbE TEARFEE TR S A BRI 3B
DOEBNERL, BRIEFHZECLVWHE I N%E
THERS Bz L LT 7.
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