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ABSTRACT

Measurements of mean and peak net pressures on walls of
various aspect ratios immersed in a simulated atmospheric
boundary layer are described.

For wind directions normal to the walls, little variation
of mean or peak pressures withposition on the wall occurs.
However for oblique wind directions much higher mean and
peak pressures are found near the windward free end. For
the normal wind direction, a minimum total mean drag
coefficient at an aspect ratio of 5 was found, in agreement
with recent Japanese work.

INTRODUCTION

Despite the extensive testing in boundary layer wind
tunnels of enclosed buildings and other structures over
the last twenty years, basic information on fluctuating
and peak wind Toads on simple rectangular walls and
hoardings, is still lacking. Model studies carried out by
the Division of Building Research of CSIRO0, recently, are
an attempt to rectify this situation; a part of this work
is described in this paper.

The effects of aspect ratio
direction and, free ends were
described in this paper.

(width/height), wind
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REVIEW OF PREVIOUS WORK

Good and Joubert (1968), and Sakamoto and Arie (1983)
described measurements on two-dimensional and finite
width plates mounted in smooth wall turbulent boundary
layers of varijous depths. Sakamoto and Arie found a
minimum drag coefficient at an aspect ratio of 5.

Ranga Raju et al. (1976) described measurements on two-
dimensional plates in turbulent boundary layers, and
presented a graph of drag coefficient, based on friction
velocity, as a function of Jensen Number, h/zo, where h is
the height of the plate, and Zy 1s the roughness length.
This graph is reproduced in Figure 1 of this paper. The
data points are obtained from many tests in smooth and
rough wall boundary layers, with values of h/é6, where § is
the boundary layer thickness, varying from less than 0.05
to greater than unity.

The drag coefficient CE based on the friction velocity,
u*, can be related to the drag coefficient Cph» based on
the mean velocity at the height of the plate, G, for
plates fully immersed in the region of the boundary layer
in which the logarithmic mean velocityprofile applies, by
the following:

* _ 1 h 2
Cp = Cph [E n (2;)] (1)

where k is von Karman's constant.

Equation (1) with Cpp, equal to 1.1 is agood fit to the data
of Ranga Raju et al. in the range of h/zg, from 40 to 1000.
Thus for practical purposes the mean drag coefficient
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Fig. 1: Drag coefficients for two-dimensional walls

in turbulent boundary layers (after Ranga Raju
et al. (1976))

based on ﬁh,-is independent of the Jensen Number, over a
large range of the latter.

EXPERIMENTAL TECHNIQUES

The present tests were carried out in the boundary layer
section of the large low-speed wind tunnel at CSIRO
Highett. The tunnel is of open circuit configuration with
two right angled bends and two test sections, and is
jointly operatedby theDivisions of Building Research and
Energy Technology. The boundary layer section has cross-
section dimensions of 2 m (width) and 1 m (height), and a
usable length of about 10 m.

A simulated strong wind atmospheric boundary layer flow
was generated using the barrier/roughness technique
described by Holmes and Osenphasop (1983). For the present
study, a barrier of 250 mm height, with carpet roughness,
designed to model flow over rural terrain was used. The
barrier generates coherent eddy structures of a large
scale, which are retained downwind well after the re-
attachment of the shear layer shed from the barrier. Thus
turbulence length scales appropriate to a scaled
atmospheric boundary layer at a large geometric scaling
ratio are generated.

Profiles of mean wind speed and longitudinal turbulence
intensity measured at the centre of the wind tunnel
turntable and two cross wind stations, 300 mm either side
of the turntable centre, are shown in Figure 2. The centre
of the turntable was 8.7 m downstreamof the barrier - this
is approximately twice the mean reattachment distance of
the shear layer separating from the front of the barrier.

The profiles in Figure 2 are compared with the strong wind
model profiles of Deaves and Harris (1978) for ageometric
scaling ratio of 1/100, shear velocity, uy, of 2 m/s and
roughness length z, of 40 mm. The latter is an appropriate
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value for rural terrain. Near the surface, the Deaves and
Harris profiles are closely approximated by:

v In (z/z,)
o TR (2)
Vi00 In (100/z4) (zg in mm)
and
L e PSR L (3)
v In (z/z4)

The longitudinal turbulence scale at a height of 100 mm in
the wind tunnel, as determined from the longitudinal
turbulence spectrum is approximately 400 mm - or 40 m at a
height of 10 min full scale. This is about half that quoted
by E.5.D.U. (1974) for terrain of this type.
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A rectangular plate of dimensions 64 mm height by 96 mm
width by 4 mm thick, representing a sectionof afull-scale
wall of 6.4 m height, was instrumented with pressure taps
and transmission channels machined within the outer
layers of the 'sandwich' construction. A total of 48
pressure taps - 24 on each side were provided. The pressure
taps were internally manifolded in groups of six, forming
a total of eight separate 'panels' - four on each side.
Each panel was conhected via p.v.c. tubing with short
lengths of small diameter capillary tubing, to damp
resonant peaks, inserted in the line to a Honeywell 163
pressure transducer so that simultaneous fluctuating
pressure measurements were possible.

Each pressure measurement system, including pressure
taps, channels, tubing, restrictors and transducers was
separately calibrated using the apparatus described by
Holmes and Lewis (1986). The restrictors were adjusted to
give a flat amplitude freguency response to about 200 Hz.
The phase responses were close to linear to 200 Hz and
matched for the eight panels.

The panel pressures across the wall were subtracted to
give sample records of the fluctuating normal force on
sections of the plate. In this way, peak and r.m.s. net
pressure differences, as well as mean values could be
determined.

The mean wind speed at the height of the plate during the
tests was 6.5 m/s giving a Reynolds Number based on t =
wall height of 2.9 x 104, More significant for the present
tests is the Jensen Number, h/z,, which was about 160.

To represent walls of various aspect ratios, the platewas
mounted on its own (aspect ratio, 1.5) and wWith non-
instrumented side pieces to form walls of aspect ratiosof
5, 10 and approaching infinity. In the latter case, the
wall completely spanned the 2 mwide wind tunnel sectionor
half the width for the semi-infinite case. Side pieces of
various lengths were used to enable the Tloads at all
sections of the long walls to be obtained.

The output of the pressure transducers were sampled by the
A-D converters on a DEC 11/44 mini-computer system at a
rate of 1000 Hz. Data processing was carried out on the
11/44 using a commercial software package. Several
repeated readings of mean, r.m.s. and peak pressures for
sample times of 23 seconds were taken. For the nominal
length and velocity scales of the tests, this corresponded
to about 10 minutes in full scale.

RESULTS

The results in this paper are all net pressure difference
coefficients based on the mean wind speed at the height of
the model in the wind tunnel (64 mm). During the pressure
tests the mean dynamic pressure recordedby apitot-static
tube was used to compute the pressure coefficients. In a
later test the ratio between this pressure and the dynamic
pressure, based on the mean velocity at the model height at
the centre of the turntable with the model removed, was
accurately determined using a Tlinearized hot-wire
anemometer.

Blockage corrections were made using the values based on
those suggested by McKeon and Melbourne (1971). The
increment, A Cp. in the net wall pressure coefficient as a
ratio of the corrected pressure coefficient Cpt is given
by:

(4)

where S is the projected areaof thewall normal to the flow
and A is the cross-sectional area of the wind tunnel.

Figures 3 and 4 show the mean pressure coefficients for
walls of various aspect ratios for two different wind
directions. Also shown are the average net pressure
coefficients_ for the complete wall i.e. the force
coefficient C x based on the wall area. In the case of the
normal wind direction in Figure 3, this is also the mean
drag coefficient for the complete wall. For the small
sections of wall where no direct measurements were taken,



an average from the adjacent panels was assumed for these
calculations.

Figures 5 and 6 show the instantaneous peak pressure
coefficients for the same two wind directions. These
values were averages over at least four repeated runs, and
for the higher pressures, many more runs than this.

DISCUSSION

The mean panel pressure coefficients for the wind
direction normal to the plane of the plate (Figure 3) show
relatively 1ittle variation with position of the panel on
the plate, although there is a tendency for the pressures
to increase towards the free ends of the plates of finite
aspect ratio. The value of total drag coefficient of 1.16
for the two dimensional plate agreeswell with the valueof
1.15 found by Good and Joubert (1968), and with the
composite curve of Ranga Raju et al. (1976) in Figure 1. A
minimum mean drag coefficient is found at an aspect ratio
of 5, in agreement with the result of Sakomuto and Arie
(1983).

For the wind direction at 45° to the plane of the wall
(Figure 4), very high mean pressure coefficients greater
than 2 are found near the free ends of the longer aspect
ratio walls. These are primarily caused by very high
suctions on the rear face of the wall in this region,
accompanying the strong shedding of vorticity with the
shear layer from the front of the wall.

The peak pressure coefficients on the walls in Figures 5
and 6 reflect closely the characteristics of the mean
pressures in Figures 3 and 4 suggesting that the pressure
fluctuations are strongly related to the upwind
turbulence in a quasi-steady way. However, the gust
factors for the pressures, i.e. C,/C., tend to reduce
with dincreasing aspect ratio. This 1is due to the
increasing distortion imparted on the turbulent flow as
the aspect ratio increases (e.g. Bearman (1972), Hunt
(1973), Holmes (1976)), and the attenuation of the
pressure fluctuations on the rear face of the walls.

The measurements at CSIRO have been carried out 1in
parallel with similar studies at Oxford University,
Letchford (1985). The results show excellent agreement
but because of space limitations, a comparison of the two
sets of results will be deferred to another publication.

CONCLUSIONS
i) The net mean pressures on walls of various aspect
ratios withwinds normal to their planes, show Tittle
variation with position on the wall.
Extremely high net pressures occur near the free ends
of walls of finite aspect ratio for winds that are at
45° to the plane of the wall.
iii) A previous discovery of a minimum drag coefficient

for an aspect ratio around 5 has been confirmed.

ii)

iv) The peak pressures on the walls show lower gust
factors with increasing aspect ratio, demonstrating
the effect of increasing distortion of the

approaching turbulent flow.
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Fig. 3: Mean net pressures for normal wind

P
b/h=15 C =115
F)(
1-40 T 102
1oz I;-;r_
CF =112

X
b/h=5
H T T T T
2-28 1 186 ! I 122 | O'BBI | 0-65 | 047
Py

Ts! L omEoasl ;
2101 133 1 092 078, In-m 1 0-a1
1

.

[9p})

b/h=15

b/h=5

338|322 1 | 200
1

=10

T T -
325 346 | 345 | 2761 2.4 | 281
T s (gt Tt ando | I__.I
249 | 2:66 | 2:37 | 2:301 2331 '2-40|
1 1 1 1 1 1
b/h+o0 e
T T T T
3:20 | 3:20 313 I 3-07 |
= =
254 1 2:80 | 2:72 | 258 ]
| h
= —_
T T
@ 2:81
:___
1 2:38 |

407 I 303

a-aul 2:56

Wh=5
T

T T
571 | 4-61_’I | 302) 2:41 | ! 187 189
i

T e
soo| 352! z-sa‘l—z-ul ' 154 006

C =088
X
bh=10
To7s] 072] | o064 0601056 ' 0-51 1 0-38 642|487 | 377 | 278 1276 | | 230|247 | 1202|165 | 198 | 1
e e e PRt e S M s s QL R £ 1
lost) 071 067 | 059 1055 | 0-46 1 0:33 5341 3401 2:90] 2:501 2:211 ! 210! 1.94 | 156, 121 | 1:36 | 111 | 0-93
1 1 Licat 1 1 1 1 L L I I 1 I | = I J i
— b/h~+o0 —
642 4981 3-931 2:941
L ey S AT
- 5421352 320 2.741
il H 1 1
—-— — = —
T T T T
169 = 97
i_"_“_ C. =069 :Q__
lo-69 | X RETH
6=45° 0=45°
Fig. 4: Mean net pressures for oblique wind Fig. 6: Peak net pressures for oblique winds

386



