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Investigating unsteady ventilation flow rate using LES

CFD has been widely used
in studies of ventilation and
indoor environment. Traditional
methods using steady-state
simulations with RANS models
focus on the prediction of mean
flow properties for engineering
applications. However, the steady-
state simulations cannot depict the unsteady flow

phenomena satisfactorily. Cross ventilation is one
example of unsteady flows, which use the pressure
dillerences produced by wind. The ventilation flows are
unsteady due to wind turbulence and unsteady vortices
found in the vicinity of openings. In order to observe
the unsteady flow characteristics, the unsteady CFD
simulations were carried out. The CFD simulations
used a LES method to simulate the flow fields around
and within a cross-ventilated building. The unsteady
inflow boundary conditions were created by a method
proposed by Kataoka and Mizuno (2002). The results
of time-dependent ventilation flow rates made by CFD
simulations are shown in Figures 1 — 2.
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Figure 1. Unsteady ventilation rate (wind direction
normal to the openings).

Traditionally, the ventilation flow rate considered
is a time-independent value, i.e. a fixed value. In
fact, the ventilation flow rate is generally fluctuating
through large openings, especially for wind-induced
ventilation. The observed mean value was 0.0429
and the standard deviation was 0.0089, respectively
(Figure 1). The value of standard deviation was about
20 % of the mean. The mean value was very close to
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the experimental data (0.043). In addition, through the
unsteady CFD simulation, more information such as
the standard deviation and the time history of flow
rate variation are also available.
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Figure 2. Unsteady ventilation rate (wind direction

parallel to the openings).

For the case of wind direction parallel to the
openings (Figure 2), the mean ventilation flow rate
was 0.0011, whereas the standard deviation was 0.0101,
which was about 10 times the mean ventilation flow
rate. The plus (+) sign and minus (-) sign changed
rapidly during the time of observation. It indicated that
the ventilation flows across the opening were highly
unstable. In this case, the traditional envelope flow
model may be insulcient to predict the ventilation flow
rate because the mean pressure difference between
the lateral walls opposite to each other is close to zero,
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i.e. no ventilation. The actual ventilation flow rate,
however, is fluctuating above and below the mean. It
is the fluctuating flows that dominate the ventilation
process.

The ventilation flows near the openings are unsteady
due to wind turbulence and shear layer unsteadiness
in the flow separation region. For case 1, in which the
wind direction is normal to the building, the standard
deviation of the fluctuating flow rate is smaller because
the ventilation stream is mainly extracted from the
mean flows. For case 2, since the approaching flows
separate at the leading edges of the lateral walls,
the energy conserved upstream has been dissipated,;
therefore the energy are transferred to small eddies
and these higher-frequency and unsteady eddies
become the main factor of air exchange. Consequently,
for case 2, the standard deviation of the fluctuating
ventilation rate is much larger than the mean flow
rate. Future work will attempt to relate the fluctuating
flow rate with the fluctuating wind pressure for more
in-depth understanding of the fluctuating ventilation
mechanism.
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