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WIND TUNNEL TEST ON THE WIND SPEED
PROFILE IN AN URBAN CANOPY

By Takashi MARUYAMA

Synopsis

The roughness elements of urban areas are large in size and densely distributed. This
makes the wind characteristic of turbulent boundary layer over urban areas different from
that over a flat plane or open country areas. In the region near ground i.e. the urban
canopy, in which the wind characteristic is directly affected by roughness elements, the wind
velocity profie varies with the site and the distribution usually can not be shown by the
logrithmic law and the power law. A series of wind tunnel tests using staggered arrayed
blocks was performed in order to investigate the wind characteristic of the urban canopy.
The wind velocity was evaluated as the spatially averaged mean value. The variation was
examined on the fetch, the free stream velocity, the condition of the inlet flow and the
density of roughness.
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Fig. 1. Mean wind speed, intensity of Fig. 2. Mean wind speed, intensity of

turbulence and Reynolds shear
stress profiles over urban model:
(O mean wind speed, [ ] intensity
of turbulonce (x-component),
O intensity of turbulence (z-
component), A Reynolds shear
stress.

turbulence and Reynolds shear
stress profiles over flat plane:
(O mean wind speed, [] intensity
of turbulence (x-component),
& intensity of turbulence (z-
component), /A Reynolds shear
stress.
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Table 1.
Data | Roughness Windward
name density roughness h(mm) Xo Us(m/s) | Un(m/s)
All0 1/4 none 30 254h 10.3 2.29
Bi10 1/8 none 30 24h 11.0 4.43
B210 1/8 none 30 48h 10.6 4.11
B302 1/8 none 30 192h 2.03 0.545
B305 1/8 none 30 192h 5.17 1.51
B310 1/8 none 30 192h 10.4 3.39
B315 1/8 none 30 192h 15.7 5.00
B410 1/8 none 30 254h 10.5 3.47
Cl10 1/8 2D roughness 30 124h 10.0 3.07
C210 1/8 2D roughness 30 207h 10.9 3.41
D110 1/18 none 30 192h 10.5 4.80
D210 1/18 none 30 254h 10.5 4.85
El10 1/8 none 60 22h 10.7 3.21
E202 1/8 none 60 104h 2.06 0.448
E205 1/8 none 60 104h 5.04 1.44
E210 1/8 none | 60 104h 10.8 3.29
E215 1/8 none ! 60 104h 15.3 4.51
F110 1/8 2D roughness 60 62h 10.3 2.70
F210 1/8 2D roughness 60 104h 10.4 2.69

Where h : roughness height,
X, : fetch (distance from the leading edge of roughness),
U,: free stream speed,
un : wind speed at the roughness height.
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Fig. 5. Mean wind speed, intensity of turbulence and Reynolds shear
stress profiles of inlet flow:
(O mean wind speed, [ ] intensity of turbulence (x-component),
< intensity of turbulence (z-component), A Reynolds shear
stress.
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Fig. 6. Mean wind speed, intensity of turbulence and Reynolds shear

stress profiles of inlet flow (CASE B410):
O mean wind speed, [ ] intensity of turbulence (x-component),

¢ intensity of turbulence (z-component), A Reynolds shear
stress.
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Table 2.
CASE | Roughness Windward

density roughness h(mm)|z,(mm) z,/h A 1/n
A 1/4 none 30 7.5¢4  .251 .244 .461
B 1/8 none 30 8.00 .267 .245 .446
C 1/8 2D roughness 30 8.95 .298 .242 .465
D 1/18 none 30 5,28 .176 .238 .378
E 1/8 none 60 23.7 .395 .335 .657
F 1/8 2D roughness 60 21.0 . 350 .280 .612
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Fig. 7a. Mean wind speed profiles at
verious locations (CASE B410).
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Fig. 8. Mean wind direction at z=20mm (CASE

B410).
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Fig. 11. Variation of space mean wind speed profiles with inlet flow.

4.3.2 BERECLBZEL

B0 HEREE & 5%5{b% Fig. 10 ¥, Fig. 10 a X b CASE B (A=30mm, #E1/8) O
Po, HAERE L AE(LE LA LHEL, Fig. 10 b X b CASE E (h=60mm, #E1/8) © %He, A
ESAIIHEAETY UL L, HEREOMMC L b7t -T u/un OESKE L RBEANHE, Th
DEARETHEDLNE SDROVWTILE LB TAVENS DL &b b,



SUl s A BT B F v 2 ¥ - BRORES BT 5 RIHER 211

4.3.3 ALAIDAARFKICLDE(L 2 T T T T T T
BESMOBLEMOWARIC & 5% (L% Fig. 11 KR z/h o— o o o
T, RI v BESMIREROHBATHOMRIE X - Tiz — oo B o s T
EA B Lo, [ s —mm oo ]
4.3.4 HEBEICSBEL i o
BAEMMOMEFEC X 5%k Fig. 12 1Knd, KX — s oo .
D BEA MR X 0 AL, HEFRENE 5 RN —
BEREETO u/un ODEIFINELE->T, ¥4/ B T @n o N
LR S AAOREEA K E B, FIMEORS ES/ANEEEEE
X CHEESMIFENLL, HEOBINELRbEE e 1 2
u/un, OMEZNS Ty, FBEBESIHE B0 L ALY u/on
ErTT, Fig. 12. Variation of space mean wind
speed profiles with roughness
h. & 3 Ko density and height (CASE A,
B, D and E). .

iRy AV RRSRC Xy, wEkeRETs
AMBERABRE ORHMRA D, R, S8, LT
HMEOHEYBEESTLF+ / E—BL W33 20BRITOLALZ ENbhol, 05 HE L HEE
W, ThbbE e E-BROKHIER YA b HE T 2 » 7 % B BIRER M T bR, Bhi
BEERL Y, EBECRAEOEMTEHLEL ALl bd v / - BHOBESFLIEE L, BT
Bohi-HRYE LD 5B,

D ZERFEIhCRESMIMEORIUTT, Thi ) LBORNEOMERRL 50 HmeRL, BRE
SHERBROEMARESUHAECE I LT 5, -7, HEOHENEERSHEL, HEOBI ¥
TlAhicd, BHTPEEESMELELIROF+ /  C-BEIHEOEI LS LW LEXLRD,

2) *v/ C-BRTIIHER X 2 BRI R CFERANEE bl ENEET S, oK
RRTRHENGKEL, HERENFEFCRE S, it,M%éhtv4/»xrﬁ@ﬁmB¥%aﬁ
DEFRFARSPAC LT BENHD ETEEINS,

3) KEE#HOEVL, BLEAORAKEEROE(ML LT, &/ ¥ -BROBEIMIILALE
A IR

4 WHET ey 2 CRBEEEOTIL L > TH v/ E—BROBHESMLITEA LB LI,

5 Fy/ C-BRHORENMIMEFTEC I VBT, 2oL XHESEIORE CERTILINE
i, HEEESB DB ENILRD, ¥, ¥+ / E-BLBTEIHEORELLAKEL RS,

6) HEOCRIKI» THEESMIZLL, HENEI RS L EHESE2ORECELTL I RAE
By, HEBE R0 LA LHREYTRT,

BlE, Mk s+ + 2 € -BHRORES L KRINCHECH, BRUERC L A2BHISEOR
BThH%,

# 23

BFREIT 50 Yie b, RERFEREHRLGEELE, FEAERFETERBEE S TOARBEA
BRI EHY e 2B E 2 THE E L, ¥4, WEMEIATENRE S L OBBREET L, EhiE
BoBF b B Ay FEoCEEXF L, ChOOHESCH LTELRHOELELET,



212

D

2

3)

)

5)

6)

)

8

FORBF SHFIERTER  H308 B-1 iE62. 4 (1987)

Z2 £ X M|

Davenport, A. G.: The dependence of wind loads on meteorological parameters. Paper 2,
Conference on Wind Loads on Buildings, Univ. Toronto Press, Tronto.

Counihan, J.: Adiabatic atmospheric boundary layers: A review and analysis of data from the
period 1880-1972, Atmospheric Environment vol. 9, 1975, pp. 871-905.

FBBKE RN ¥ - BHEA - LU B REEEOR\ I X 2 HABKFIEIROZ i BT 5 B
s, E8EETYE Y v# Y YA, 1984, pp. 91-98.

Coles, D.: The Law of the wake in the turbulent boundary layer, J. Fluid Mech. Vol. 1. part
4, 1967, pp. 741-773.

e B BIETSC R B MEMEOEE L oM BT AR 1 (Tt holREo 1),
OAmRESEASRTIREE, Vol. 188, 1971, pp. 27-63.

TR - BAE2 Y MAROERBoBEC OV, H7ERIE v ALYy A, 1985, pp. 12-
30.

FBTRRE - KEIE 35 - BMBA  FIROBRIFEAERBZRRCOWT, REALGRIIENFH, Vol
56 B-1, 1983, pp. 313-355.

Tutu, N. K. and R. Chevray: Cross-wire anemometry in high intensity turbulence, J. Fluid
Mech., Vol. 71, Part 4, 1975, pp. 785-800.



