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Spanwise velocity distribution
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2. Methodology
3. Experimental Detalls
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Measurement A Measurement B Measurement C
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Measurement A Measurement B Measurement C

Y Flow A A R
. — — o . . -
o ~ " == :Wake Behind Spire:
§ I S S — - I
i ~ - —-g— * —— — —
Y. Y. R —
_ —— X4 = 1240 xp = 2193 Xc = 3398
Side View _
Q | // P :z= 20H
3 g z P
| @ 1z=1.005_ __; -
_ : 400 ':ﬁ All units in mm
Instrumentation

- Split-film anemometer (Dantec Dynamics, 55R55)
- 1000 Hz and 30 seconds
- Reference stream velocity : 8m/saty =0, z=20H



Measurement B Measurement C

Measurement A

_
n_n_n_n_n_n:n_n_n_n_n_n_
n__u.n_n_n_n_ﬁn_n_n_n_.n_n_

o, o oo _n_ O ooao a

m] [y Ry | _H_ O oo O
e occcccoccocococcoco -=

o, Oooao _H_ Ooooano _H_

[ )
n___u._.n_n_n_n_ﬁ_n_n_n_mr__un_
[ ]

n_uun_n_n_n__n_n_n_n_n_n_
oo [ N I O = I | o o
o n_n_n_n__n_n_n__u‘kn_n_
n_n_n_n_n_n____un_n_n_..h_n_n_
ODo,00O0000a0n o o
_u_un—n__u_u_uﬂ_u_u_uu_u_u_u
o o ODooooao o o
DoRgoooboogEoon

oo OOOoOooOodmoaon
Oo0Oojo oo doao O o o
oo n_n_n_“n_n_nnn_n_n_

n_ﬂn_n_n_n_ﬁ_n_n_.uu_uﬂn_
1

Ooo OO0 QOOoe0 o o0
OOoOooOOoOOoOooD®Ooaonao
n_n_n_n(n_n_:_un_nﬁn_n_n_n_
Ooo O oo o Ooo
n_n_n_n_n_n_&DQn_n_n_n_

]
H_H_H_H_H_H__H_H_QH_H_H_H_

n.&n.
.......... —

n_n_n_n_
_un__u_u_u_u_u_u _u_un__u
n_n_n_n_n_n_n_n_.n_n_n_n_

OO0 O n_Hn_ OoOoao
n u| n_n__n_n_ Ooao

[m] _H_H_H_E_u Ooooano

_”Wn_Bn_n__n_n_Jun_n_n_
1 O

O MDMD-DDDD

Plan View

O
=

Side View

All units in mm

K
400 " 25

Wall Condition

Spire Condition

With Spire (=5)
Without Spire (=NS)

25mm, Ap =17.4%)

- Smooth (Flat plate)
H

. * Rough (Staggered Cubical Array

S
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4. Experimental Results
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Spanwise distributions of velocity at C (x= 135.94)
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Velocity Deficit AU,, — Smooth Surface
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Half wake width y, = determination
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Normalized Max. Vel. Deficit at C(x= 135.9H)
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Normalized Maximum Vel. Deficit, @,, = (AUn—AUmi"n)/(AUmaxn-AUminn)
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Change of 4U,, and y, : with heights — Smooth
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Change of 4U,, and y, : with heights — Rough
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5. Conclusions
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Conclusions
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Wind tunnel exp. on aerodynamic interaction between the wall shear
boundary layer and wake flow behind isolated slender obstacle

1) Spanwise variations of @,, behind a spire above the wall boundary layer
show good agreement with the 2D self-similar profile for a 2D wake flow
In a free shear flow, despite the weak asymmetrical inflow condition of
the wind tunnel

2) The AU,, due to the spire, far above the BLH with low turbulence
gradually recovers as the streamwise distance increases, whilst that
within the wall shear boundary layer with high turbulence is sustained
far away from the spire.

3) The expansion of the y, s iIs compressed in the lateral direction by the
turbulence of the wall boundary layer
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Although the present experimental data indicate an obvious difference in the profiles of the
wake flow within and above the wall boundary layer, a detailed understanding of the features

of these differences has not been completely attained due to certain limitations mainly

caused by the non-uniform inflow condition of the wind tunnel. In addition, the turbulent statistical
information of not only the streamwise velocity component, but also the lateral component would
be essential for elucidating the mechanism of the interference of the spanwise expansion of the
wake due to the wall boundary turbulence, and will be one of our future tasks.
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Aims
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Research Motivation

1) Geometric effects on urban wind environment

2) Flow (=velocity reduction) behind an isolated high-rise, long and
slender building

Research Objectives

1) To explore the process of turbulence generated by roughness and
large obstacle which can enhance the large scale of turbulence

2) To examine the aerodynamic Iinteraction between wake flow
structure observed behind an isolated high-rise, slender building
with wall shear boundary layer develops over urban roughness

3) Effects of single spire(passive device) installed normal to wall
4) Scientific oriented wind tunnel experiment

27
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Spanwise distributions of velocity at C (x= 135.94)
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Spanwise distributions of velocity at C (x= 135.94)
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Spanwise distributions of velocity at C (x= 135.94)
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Results & Discussions : C(x= 135.9H)
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Results & Discussions : C(x=
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Elliptic wedge generator (=Spire)

2D wake flow,

Flow ‘/\/\_/(:T’/ﬁ:{ _
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Vel. deficit: V —u,(x,y) = u,(x)g (ﬁ)

Self similar Gradient- diffusion

model : g(y/6(x)) = exp (_ (%)2)
Max Vel. deficit: V —u,(x) o< x>

Half wake width: §(x) < x%> 43
*Turbulence, Oxford University Press, P.A. Davidson



Vertical Urban Boundary Layer Structure

a) Mesoscale

(@) vigsusLaie

: @-&U—wi&; -

i
it : Urban “plume”
PBL U™ _- ' Mixing Layer "%
PBL 2 ’ UBL (:Ou:ter Layer) .
/ : 5 ; e
o 8 _/""\Y Y /7 :{QL
~ Y b f I 7 RE
el i Iislllynat S
Rural Urban | Rural
w | \ c) Microscale
Sur;‘ace Inertial ) T 0 i
- Layer Sublayer - e
layer __~"_, [Reuchnessy
: Y Sublayer e
" — sublayer
.~ Roughness s e (©)
v ¥ sublayery B . O

UCL1/‘:’\T ;ﬁD:nln "
s

T
6O

& ? OO
UCL 0 )
_)I|Dﬂlc§/' U‘DD\
A



Airflow around buildings ( Oke et. al, 1988)
(1) Flow pattern around building

A undisturbed

B displacement
C cavity
D wake

(2) Flow regimes with different urban geometries
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(a) Isolated roughness flow (b) Wake interference flow
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(c) Skimming flow
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Isolated block
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Recirculating streamlines can be found in separation zones H OS ke r (1979)
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V : Velocity out of wake region

U, (x,y) : streamwise velocity

ty(x,y) = V —1u,(x,y) : velocity deficit
g, (x) = g, (x,0) : maximum deficit
8(x) : width of wake

R R
1) Axial gradients in the Re. stress : L [Pux(V ux)]+ [puy(V ,)]= — afaxy
2) Axial eq. of mot|ons g
p(fi — V)i, = [TxyR] Z)Z 4) V — u, (velocity deficit) tend to be O for large |y]|;
** longitudinal gradlents in Re. stresses Momentum deficit balances with drag on an obstacle,
can be neglected 0 _
KK =0 D= f pu, (V — u,)dy = constant

3) Simplified momentum eq. for wake;
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Conclusions
9th International Conference on Urban Climate (ICUC9), Toulouse

aerodynamic interaction between the wall shear boundary layer and wake
flow behind isolated slender obstacle

1) spanwise variations of @,, behind a spire above the wall boundary layer
show good agreement with the 2D self-similar profile for a 2D wake flow
In a free shear flow, despite the weak asymmetrical inflow condition of
the wind tunnel

2) spanwise distribution of the wake within or near the BL showed different
trends from that of 2D wake flow:

- the expansion of the y, - iIs compressed in the lateral
direction by the turbulence of the wall boundary layer

- velocity deficit of the wake is sustained far from the spire

Future task

The turbulent statistical information of not only the streamwise velocity component, but also the lateral
component would be essential for elucidating the mechanism of the interference of the spanwise expansion
of the wake due to the wall boundary turbulence
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Fig. X_b Spanwise distributions of standard deviation at C (x = 135.9H)
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Fig. X_b Spanwise distributions of standard deviation at C (x = 135.9H)
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