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Ellect of porosity on net pressure on roof panel

Vu Thanh Trung, Ph.D student, TPU

Yukio Tamura, Professor, TPU

Akihito Yoshida, Associate Professor, TPU

1. INTRODUCTION

Roof panels with holes provide a solution to reducing
temperature inside a building. Wind load on these roof
panels depends on the difference between the upper and
lower surface pressures. It is therefore important to be able
to assess the effect of porosity on net pressures. Porosity
allows air to pow across a roof panel tending to reduce mean
pressures and to attenuate peak pressures, both of which
reduce the total wind loading on the roof panel. The purpose
of this study was to quantify the attenuation of wind loads on
a porous roof panel as compared to that of wind loads acting
on a similar non-porous roof panel in the same external pow
yeld.

2. EXPERIMENT

A model (200mm high (H) x 470mm wide (B) x 710mm
deep (D)) with roof panels was tested in a Boundary Layer
Wind Tunnel, 2.2m wide by 1.8m high, in Tokyo Polytechnic
University, Japan. The length and velocity scales were 1/50
and 1/4, respectively. Terrain category Il (power law index
0.2) in AIJ-RFLB (2004) was chosen for the tests. The
turbulence intensity at height 200mm was 0.26 and the wind
speed was 7m/s. There were 3 test model cases to consider
the effect of roof panel porosities ( 0%, 5% and 10%) with a
total of 41 wind direction angles (0o to 3600 in 100 steps and
four wind directions angles: 450, 1350, 2250 and 3150). The
model had sixteen roof panels one of which was porous with
128 holes, while four had pressure taps (A, B, C and D) (see
Figure 1).

Figure 1. Test model (all dimensions in mm): (a) Geometry of test model; (b) Detail of roof section.

3. DATA ANALYSIS

The net pressure coefycient on the roof panel due to the

combined effect of the upper and lower roof panel surfaces is
Conist) = Cpu (i) - Cp (i) )

where C,(i,t) and C,(i,t) are wind pressure coefycients at
measurement tap i at time t on the upper and lower surfaces
of the roof panel, respectively; and C, (i ,t) is the net wind
pressure coefycient at measurement tap i at time t of the roof
panels.

The time history of wind force coefycients was obtained
by integrating the near-simultaneous pressure signals at
all tap locations over both roof panel surfaces. The wind
pressure coefycients and the net wind force coefycients were
deyned as positive in the vertically downward direction.

4. RESULTS AND DISCUSSION

Figure 2 shows the distributions of maximum peak net
wind pressure coefficients (C,,,,,et) on roof panels A, B, C
and D for wind direction angle 45°. Generally, the pressure
coefycients of the outer roof panels are always higher than
those of the inner ones. Of these four roof panels, roof panel
D had the lowest values. The values of C pnet TOr 0% porosity
were up to 50% and 100% higher than those for 5% and 10%
porosities, respectively.

For wind direction angle 45°, @p,ne, varied from 0.4 to 2.4.
The pressures on roof panel A were higher than those on roof
panels B, C and D due to conical vortices. The values of for
ép,net roof panels B and C were similar.
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Figure 2. Distributions of CAPW, at wind direction angle 3 = 45°

Figure 3 depicts variations of maximum peak and minimum
peak net wind force coefycients (CAFM ,Cr ) for roof panels A
and B for all wind direction angles. Generally, the net wind
force coefycients for 0% porosity were the highest and those
for 10% porosity were the lowest. The values of CAFM were
about 41% lower for 5% porosity and about 64% lower for
10% porosity than those for 0% porosity. These numbers

were 37% and 49% for C,.,,,, -

For the maximum peak values, there was a strong
dependence between C,.,., and wind direction angles with a
rapid change of these values for wind direction angles from
0° to 180°. The largest values of C,,for roof panels A and

B were 0.89 and 0.78, respectively, corresponding to 0%
porosity.

For the minimum peak values, the difference between
the values of C, . for 5% and 10% porosities was small.
The ranges of values of C,,. were from -0.48 to -0.06 and
from -0.39 to -0.04 for 5% and 10% porosities, respectively.
The minimum peak values for 0% porosity also depended
strongly on the wind direction angles, ranging from -0.84
to -0.17. Values of C, ., for roof panel A for 0% porosity
changed quickly for wind directions angles from 0° to 180°.
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Figure 3. Variations of and of panels A and B with wind direction angles

5. CONCLUDING REMARKS

The effect of porosity on net pressures on the roof panels
was investigated.

The maximum peak and minimum peak distributions
over the surfaces of the roof panel were measured for several
wind direction angles as well as for different porosities. Four
roof panels had high-pressure puctuations at wind direction
angles from 0° to 180°.

From the analysis of results obtained in the tests, the
pressures on the roof panels with 0% porosity were higher
than those with 5% and 10% porosities. The porosities of the
roof panels were most effective in reducing wind load on
them.
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Advective and turbulent fluxes of pollutants

within urban canopy

Complex processes like the
dispersion of car exhaust in
street canyons or the dispersion
of accidental releases of harmful
substances in built-up areas are not
yet fully understood. For a better
: insight of the driving phenomena it is
f i helpful to study pow and dispersion

of pollutants within an idealised
urban setting first. The study of dispersion through large
idealised arrays of building-like obstacles is an important
method of obtaining a better understanding of dispersion
through a real urban environment. We examined flow and
passive tracer dispersion within 18 different conyguration of
the idealised urban area layouts during our experiment.

Experimental set-up

The experiment was carried out in the Boundary Layer
Wind Tunnel at Wind Engineering Center of Tokyo
Polytechnic University, Atsugi, Japan. The 14 m long facility
provides test section with 1.2 m in width and 1 m in height.
The researcher team of Wind Engineering Center of Tokyo
Polytechnic University has developed new method for
simultaneous measurement of velocity and concentration
by the means of thermo-anemometry and flame ionization
detection of the tracer gas (Yoshie et al., 2007). This set-up
allows deriving turbulent fluxes related to the momentum
and concentration. The flow measurement was conducted
using a thermo-anemometer with split-fibre probe and
constant temperature adjustment module. The concentration
measurements were performed by fast flame ionisation
detector.

The idealised urban canopy set-ups consisted of sharp
edged wooden prism of side 70 mm and heights varied from
30 to 110mm. They were arranged in the regular aligned or
staggered arrays with different obstacle spacing of 16, 25, and
34% as shown in Fig.L. Different building height distributions
were also applied as shown in Fig.2. The basic cases with
the uniform building height were complemented with set-

Klara Bezpalcova

ups, where the building heights follow a normal distribution
with mean value 70mm=1H and standard deviation 0.17H
and 0.33H, respectively (see Fig.3). The individual elements
were randomly distributed. The arrangement parameters are
shown in Table 1. The ground-level point source of the tracer
gas ethylene (C2H4) was located in the wake of the cube at
coordinates x=-5.43H, y=0, and z=0. The location was the
same for all set-ups. The emission rate of the tracer gas was
300 cc/min, i.e. 18 | per hour. The scale of the model and
of the modelled boundary layer was 1:400, i.e. the average
building height would be equivalent to 28 m in the full scale.
The approach boundary layer was described in Bezpalcova
(2007) and it modelled atmospheric boundary layer above
moderately rough terrain.

Vertical fluxes of passive pollutant

The ventilation of the urban canopy can be divided to the
horizontal and vertical transport of pollution. Less dense and
aligned set-ups allow higher wind speeds at the street level
compared to denser and staggered set-ups and therefore the
horizontal transport is enhanced in these cases. However,
smaller concentrations at lower elevations in the case of the
denser and staggered set-ups were observed. This is caused
by the enhanced vertical transport of passive tracer. The
vertical wind speed component and the concentration of
passive tracer gas were measured simultaneously at one place
to obtain the normalised vertical advective and turbulent
fluxes WC*/U,-100 and w’c*’/U-100, respectively. The
turbulent, advective, and total vertical fluxes, as well as, a
contribution of the turbulent to the total pux inside the urban
canopy and above are shown in Fig.4 and 5, respectively.
Inside the urban canopy the magnitude of the advective
vertical flux is mainly influenced by individual buildings.
The mean vertical velocity is negative in the windward
regions and positive in the leeward regions of individual
buildings following the well-know street canyon vortex
layout (Oke, 1987). Therefore, the sign of the advective
vertical transport is given. The biggest values of advective
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flux were obtained for denser set-ups (bold lines in Fig.4)
and staggered set-ups (lower row of ygures). The advective
transport is predominant in the plume centreline, where the
contribution of the turbulent flux to total flux approaches
zero. However, the turbulent transport becomes important
at the plume edges, where the concentration signal is highly
intermittent with very small mean value there. Therefore,
the advective pux is also very small. Nonetheless, the peak
concentration values are significant and coincident with
certain flow patterns resulting into significant values of
turbulent vertical transport.

The turbulent transport reaches the same magnitude as the
advective transport at the roof top level and higher, where
the mean value of vertical velocity and also the advective
vertical flux approaches zero. The vertical transport of
pollution is enhanced at height of 1.5H for set-ups with non-
uniform building height (red and orange colours in Fig.5).
The magnitudes of both advective and turbulent transports
are higher in the case of staggered set-ups with higher
packing densities (bold lines in lower row in Fig.5). The
contribution of the turbulent pux is signiycant for all set-ups.
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Conclusion

Pollutant dispersion within an urban canopy is very
complicated process. We have chosen an idealised canopy
created by regularly placed cubes to simplify the situation.
The comparison of the advective and turbulent puxes within
18 different arrangements of idealised urban canopies
has shown prevailing advective transport, but significant
contribution of the turbulent transport at the edge of the
plume and above the roof top level. The strongest downward
and upward advective transport of the passive contaminant
was found at building windward and leeward positions,
respectively.
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Figure 1: Idealised urban canopies with uniform building height and 16% (left), 25% (centre), and 34% (right) building

coverage ratio.

Figure 2: Idealised urban canopies with non-uniform building height. Standard deviation of building heights is 0.17H

and 0.33H in the left and right ygure, respectively.






