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ABSTRACT

Jet fans, suspended below the ceiling, are actually currently used in enclosed car park in order to
control the smoke flow in case of fire, i.e. forcing the smoke flow in direction of natural or
mechanical outlets. This technique was originally used in road tunnels to control smoke and pollution
and recently applied to car park [1]. The technique allows avoiding subdivisions of the space and
simplifying the ventilation duct network. However, very complex flow patterns may be generated by
the jet fans and the general shape of the car park and, so that, may produce the spread of the smoke.
Computational Fluid Dynamics – CFD – is a helpful tool to predict the expected flow patterns and to
verify if spread of smoke occurs. However, in term of engineering applications, it is impossible
simulating directly the jet fans. A solution consists developing a jet fan model, simple but
representing the typical flow pattern produce by the fan. The model consists to a rectangular box, with
the dimensions of the jet fan, and where boundary conditions are imposed to the upwind and
downwind circular sections (figure 1). Classically, only the normal velocity at the fan face is
considered (defined by the volume flow rate). In the present study, the jet fan model includes a
tangential component of velocity imposed at the outflow face (swirl). A simple variation of this
component is chose: the value of the tangential velocity is defined as a linear function of the distance
from the center of the face, r, with a zero value at the center (r=0) and a maximum value when r=R,
with R the rayon of the outflow face of the fan. Calibration of the jet fan is carried out by comparing
velocity intensity obtained by numerical simulations with experimental data measured in the
horizontal symmetric plane of the jet fan (figure 2). Numerical modeling is performed for an
isothermal flow using the commercial code FLUENT of ANSYS.
Finally, a CFD application of smoke control is performed for an underground car park with a fire
source  of  4MW  (corresponding  to  a  small  van  in  fire),  using  the  present  numerical  jet  fan.
Comparison with a more classical jet fan (without swirl) is done.

Fig 1. Numerical jet fan model: rectangular box
with circular upwind and downwind section.
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Fig 2. Calibration of the numerical jet fan model with
experimental measurements.
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