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ABSTRACT

Wind tunnel tests on structural models are needed when the full-scale structures cannot be tested or analysed. Very
few industnal s,'ruclUres can be analysed accurately, particularly when they have solid and not lattice faces. Objects
of tunnel tests include bridges. chimneys, vehicles, buildings, and radars. The model under investigation is non
aerodynamic b~ilding model. The wind tunnels tests on the building model are carried out to include flow
visualization, p,'essure and velocities distributions on the various faces of the building. Flow visualization tests are
carried out by using the woollen tuji technique at three different speeds, i.e., 22 ms", 30 ms·1 and 38 ms· l In
addition. for each speed, the building's yaw angle was varied from .) 5° to + 15°. Flow visualization by wool tuft
technique is aUe to show the characteristic of the j10w around the building. Pressure distribution tests on the
building model are carried out by using the wind tunnel technique and Bernoulli Principle. Around J64 static
pressure ports available on all faces oj" the building are connected to a water tube manometer, Results showed high
pressure along !he centre line of the front surface of the building. CFD analyses of the flow are carried out by using
Cosmosflowork 2004, The computational results are compared with the experimental results.
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Introduction

Wind loads have become particularly significant because of the increasing number of high-rise buildings. Other
factors have also contributed to the importance of wind in design: light-weight low-slope roofs, curtain wall
construction and the appearance of special structure having aerodynamic shapes.

Some tall Juildings that extend into regions of high wind velocity have swayed excessively in strong winds.
Improperly anchored light-weight roofs have been sucked off bodily by wind forces, and roofing materials have been
lifted by high local suctions and eventually peeled from large areas of roofs. These and many other problems have
emphasized the importance of the clearer understanding of winds and its effects.

With the old simplified approach, the total effect of wind was often represented merely by a uniform lateral
pressure on the windward side of a building and suction on the leeward wall. Wind loads present a challenge when
designing very tall structures. Even in relatively light winds, a building behaves as a very large sail, and is subjected
to large aerodynamic loads that push the building to one side.

Wind 10adl; vary around the world. Meteorological data collected by the national weather services are one of the
most reliable sources of wind data. Factors that affect the wind loads include building height and size, direction of
prevailing winds, velocity of prevailing winds and the positive or negative pressure due to the architectural design
features. All oflhese factors are taken into account when the lateral loads on the facades are calculated.

Wind Tunnel

It is well known that conducting experiments on the building model to establish flow and performance characteristics
is going to be both time consuming and expensive. Wind tunnel measurements have thus served as an effective
alternative for celermining all the performance characteristics of the building model for the present aerodynamics
study. The wind tunnel provides great benefits for aerodynamic tests. Specified flow condition such as Mach number
and incidence can be achieved and sustained much easier in a wind tunnel. Dangerous, uncontrollable flight
condition may safely be investigated in wind tunnel. Data acquisition and processing are simpler with direct
connection to ground-based equipment (Pope and Harper 1996).

Flow Visualization

Flow visualization is used for obtaining a qualitative local or global picture of the flow. It may also be employed for
acquiring qualitative measurements without introducing probes. Some techniques are confined to the visualization of
surface flow as pattern, others provide visual information about the flow in a cross section, but there are also
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Fig. 3: Velocity Vectors (front view)
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Fig. 4: Velocity Vectors (back view)

Figure 5 illustrates a more complicated shape and the flow lines associated with it. The flow is deflected by the
edge of the wall and it is hard to cling together. It will cause a vortex and create suction at the back of the building.
According to Dalgliesh and Schriever (1962), the roof is usually the critical area in the wind design of low buildings,
particularly residential structures. Where it is made up of light-weight components, particular attention must be paid
to anchorage details because of the suction condition prevailing over most, if not all, of it.

The distributions of negative and positive pressures over a building depend largely on how it disturbs the air
flow. The datum from which all pressures and suctions are measured is the ambient pressure in the undisturbed air
flow. When wind strikes a simple structure such as a free standing wall, the streamlines in line with the wall are
forced to diverge and pass around the edges. The direction and magnitude of the original wind velocity are therefore
altered by the encounter and cause changes in pressure. The stagnation pressure is uniform over the entire surface (Cp

'" 1, Fig. 6). There is an increasingly steep pressure gradient towards the edges where the flow, diverted by the wall,
regains its veloCIty in a direction parallel instead of perpendicular to it as before. Behind the wall a different situation
prevails. The streamlines of flow are unable to come together immediately because of the inertia of the air and a
wake is left where they are separated from the wall. Air from the wake region is "entrained" by the fast-moving flow
lines, thus reducing the pressure below the ambient pressure of the undisturbed now and creating "suction. ", Figure
7.
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Conclusion

l'his project successfully investigated the common aerodynamic characteristics of the multi-storeyed building by
lIsing the experimental and computational methods. Flow visualization indicated the characteristic of flow around the
building. Separated flows at the corners, vortex formation on the back and side surfaces were clearly revealed by the
!low visualisation and CFD results. Higher Cp values on the front surface and lower values at the back surface
Irldicate the large drag force the building is subjected. The qualitative agreement between CFD results and static
pressure distribution is quite good.
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Fig. II: Pressure Coefficient on all Surfaces of the Building Model
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