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SUMMARY

Experimentally measured ventilation rates in the Sitsd® under cross-flow ventilation con-
figurations are compared with computational fluid dynam@BLY) simulations conducted in
ANSYS Fluent using a hybrid RANS-LES-SST SAS turbulence model. Eight wind direc-
tions are studied with the cube in a) isolation and ia bew staggered nine cube array format.
Relationships between air change rate and wind angle wask weaker in the array cases.
Turbulent structures close to windows improve mixing in thayacase.
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1INTRODUCTION

The importance of airflow on indoor ventilation is amea of crucial but challenging research.
The Silsoe cube is a 6x6x6m hollow metallic cube, led¢at open countryside and is a well-
known example of an idealised experimental scenario Wiaistbeen used for wind engineering
research since the early 1990s (Hoxey and Richards,.1888)lating natural ventilated build-
ings though CFD has been notoriously difficult. This redeamnpares CFD simulations of a
new configuration of Silsoe cubes (isolated and in an aroaiguration) under cross-flow
ventilation and eight wind angles (see Figure 1).
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Figure 1 Schematic of Silsoe cube layout

2 METHODS

New experiments have been carried out to investigate thet effeross-flow ventilation on
facade pressures and indoor air ventilation rates at eliffevind angles. This was configured
to include two 0.4m wide by 1m high removable windows half waypposite sides Venti-
lation rates were calculated through pressure differdret@geen the external and internal cube
face, measured by thirty external and two internal presapee

CFD simulations using ANSYS Fluent were carried out for twedadlle geometries: Case a)
isolated cube and Case b) nine cube array. In both aasede adaptive simulation (SASjk-



SST turbulence closure was solved viaRh®O algorithm with bounded second order accuracy
for all variables. The inlet atmospheric boundary lgyrefile was modelled logarithmically as

in Richards and Hoxey with a reference velocityf§lbf 10m/s at eve height. Outlet conditions
were OPa pressure in both cases. Domain size was 3buildgigh@i)x10Hx3H. Meshes were
createdf entirely hexahedral cells with clustering of cells arotidcubes and windows. Cell
count for Case a) and Case b) was in the region of llidmand 18 million cells respectively.
Convergence was considered achieved when mean pressurdagtad® centre surface points
on the cube front stabilized.

3RESULTS
For all configurations tested, two distinct indoor flow nags were found: quasi-impinging jet
and recirculation. Figure 2 shows the normalised vemiiatte for both configurations.
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Figure 2 Normalised ventilation rate through the Silsoe cube

b} Array cross-flow

4 DISCUSSION

The ko SST SAS turbulence model performs well in these circumstances. Good comparison

is found for isolated cases with a clear peak in expetimhenormalized ventilation rates ap-
pearing where windows are facing the wind (240°). Similar trerels@t quite so obvious in
an array configuration meaning that upwind cubes may compleatidation predictions. A
relationship between wind angle and ventilation ratebeaseen for the isolated case for both
window configurations but is less clear in the array. Aspids explanation may be due to the
vortex shedding of downwind cubes causing airflow to be mbaepailsatile nature, whereby
averaged ventilation rates may not reflect this. Assalt, future simulations must take this into
considerations and a different ventilation metric megchto be developed.

5 CONCLUSIONS
The k-w SAS model shows to be asuitable approach to simulating flow features present within
building arrays and enabling external-internal flow coupling.
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