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Abstract

Recent studies proved turbulent flow properties in high-rise building models differ from those in
low-rise building models by comparing turbulent statistics. Although it is important to understand

the flow characteristics within and above high-rise building models in the study of urban environment,

it is still unknown and under investigation. For this reason, we performed wind tunnel experiment

using Particle Image Velocimetry (PIV) to investigate and identify the turbulent flow properties

and characteristic flow patterns in both low-rise and high-rise building models. In particular,

we focus on instantaneous flow field near the building models and extracted flow field when

homogeneous flow field were observed.

1. Introduction

The characteristics of turbulent boundary layer have
been investigated from more than 100 years ago. In a
primary stage of study, turbulent flow property was
researched based on only spacial-temporal averaged

)

parameters(1 turbulent

)

or time-averaged
statistics due to the limitation of experimental
equipment. On the other hand, in recent years,
researchers start to focus on instantaneous turbulent
flow field structure with the development of research
devices and computers, and some such studies indicate
instantaneous turbulent flow field is not completely

structure®®

messed and contains  coherent
(Fig.1(a)(b)) (fluid body, having specific motion or
mode).

At first, the existence of coherent structure was
proved in boundary layer over smooth surface, and

some latest studies pointed out that similar structure

Fig 1. Perspective view  Conceptual view of Hairpin
of horse shoe vortex

(Zhou et al. 1999)

packet structure (Adrian et
al. 2000)

arise over rough surface. Moreover, it is pointed out
that coherent structure in atmospheric boundary layer
strongly related to the dispersion of momentum, heat

and mass transfer®

. This fact is extremely important
for improving urban ventilation ability and livability of
a city, so many researchers have investigated coherent
structure in urban boundary layer.

However, the character of spatio-temporal
structures of coherent structure in urban boundary
layer has not been still understood very well.
Especially, there are very few data how building
shapes affects the property of coherent structure. From
this background, in this study, we investigate the
instantaneous turbulent flow field around regularly
arranged building models by using PIV (Particle Image
Velocimetry) and try to extract typical turbulent flow

patterns.

2. Experimental condition

2.1 Experimental set up

The experiment was conducted with same wind tunnel
and setting of previous study (Sato et al. (2013)(6)).
Only the laser generator(Coherent) is different and
target area is almost twise as large as previous one.

2.2 Model arrangement

Two types of uniform staggered block arrays with

different block shape were adopted for the
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measurement as shown in Table 1. Cases A and B

imitate to an array of high-rise buildings and low-rise
buildings, respectively. The block covering ratio (A,)
is set to the similar value for comparing. Fig.2 and

fig.3 shows position relation of laser sheet and models.

3. Temporary-averaged flow field

Previous to instantaneous flow field, temporary-
averaged flow field structure is investigated. Fig.4(a)
and (b) shows the vector maps of temporary-averaged
flow field in two cases. In both cases, wind velocity is
almost uniform horizontally and direction is parallel to
mean wind direction. On the other hand, larger spatial
spatial distribution appears within the canopy. In case
A, inverse flow arises behind block A, and a small
vortex is observed on the windward of block B. These
tendencies are consist with the result of well-resolved
DNS calculation”

. 8 . . . .
experlments( ). Meanwhile, inverse flow also arises in

and low-time resolution PIV

case B, but it is uncertain whether a small eddy present
nor not in front of downstream block due to the short
of spacial resolution.

Fig.5 indicates vertical profiles of normalized
streamwise velocity measured on windward and

leeward (Red and blue line in fig.3) in two cases.

‘s %

s ﬁ'ri'-'

e Tiiide

| SRR by
:--m.k;H;J:.".

By d-p e o

B Ir.ii_l.‘l.[":"l:_-i
o n TrErr
,__\1_1_5_: ?j:".‘l.'l'.iI T
t'\J:‘?-‘é‘k' F::':.p.a.-

.
,

0 T M1 5[m/s]
V=TT W2

Table 1. Model Arrangement

LingA3 I Wind

LxWxH(mm) Ap Arrangements
Case A 25x25%25 17% Staggered
Case B 8x8x25 16% Staggered
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Fig 4. Vector map of Temporary-averaged flow field (a)CaseA (b)CaseB

Reference velocity (Uref) was measured at 20H above
wind tunnel floor. Velocity rapidly decreases within
the canopy and under 0.05 of reference wind speed
under 0.9H on line A in both model arrangements. On
the other hand, in case A, deceleration rate becomes
small in downstream region and U/Uref moderately
decrease with height within canopy. However, in case
B, U/Uref is still under 0.1 under 0.8H. It is assumed
that the distance from upstream block is small in this

case and blockage effect is still large on line 2.

4. Typical instantaneous flow patterns

Although existence of specific flow patterns is known,
it is still under discussion how to extract them.
According to some past studies (i.e. Takimoto et
al.(2012)®), these typical flow patterns stimulate
momentum transfer near the canopy roof height. Thus,
in this study, we specified the moments when
ventilation between inside and outside of a canopy
efficiently proceeds by an averaged value of
instantaneous Reynolds stress (normalized by friction
velocity) measured on line 3(upwind) and line
4(downwind) shown in fig.3, and then extracted
specific turbulent flow fields at these moments

Fig.6 shows time series fluctuation of Reynolds stress
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Fig 5. Vertical profile of temporary-

averaged mean wind speed in two cases
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on line 3 of case B during a period of 1.5 seconds. A
strong positive spike with a value of about 10 times of
the average can be seen from 0.64s to 0.73s, which
clearly indicates large downward momentum transfer
arises.

Fig.7(a) shows instantaneous flow field at 0.64s in
case B. Strong downward flow is observed above the
canopy and a part of it penetrates into the canopy. This
donwward flow continued from 0.64s to 0.74s, thus
combined to fig.6, this result indicates the large
momntumtransfer during the period was triggered by
this specific flow.

This theory is supported by the turbunlent flow
feild shown in fig.7(b), observed 0.16s after fig.7(a).
Strong downward flow in fig.7(a) moved to downward
and portion of this flow penetrates into the canopy as
like as fig.7(a). The value of summation of Reynolds
stress on line B at that time becomes 7 or 8§ times of the
averaged value and rapidly becomes small after
downward flow vanished.

Same tendency is confirmed in case A. Fig7.(c)
and (d) demonstrate two snapshots of continuoues flow
field from 2.2s to 2.3s. Downward flow moved to
downstream and momentum ttransfer become large
during the downward flow dominates. From this result,
concluded stimulates

it is same flow pattern

momnetum transfer near the canopy in both cases.

5. Conclution

Relasion between momentum transfer and turbulent
flow field is revealed and a common point of turbulent
flow field structure in two experimental cases is

discovered.
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Fig 6. Time fluctuation of Re stress on line 3
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Fig 7.(a)-(d) Instantaneous turbulent flow patterns
with large momentum transfer



