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a b s t r a c t

Natural vents are commonly installed in buildings for smoke control. Air motion is induced by buoyancy
of the thermal sources inside the building. Hot smoke is expected to be exhausted out of the vent.
However, directions of air flowing across the vent might be oscillating under some conditions. The ratio B
of buoyancy to inertial force defined by the Grashof number over the square of the Reynolds number is
the key parameter in determining airflow oscillations.

In this paper, effects of buoyancy, pressure, and the combined effect of buoyancy and pressure denoted
by B will be studied by simple flow equations. A room fire with a horizontal vent is taken as an example.
The results indicate that pressure is the driving force for the airflow oscillations when B < 0.1. Buoyancy is
the dominating factor when B > 10. However, the combined effect of pressure and buoyancy is important
when B is close to 1. Results are useful for designing smoke exhaust systems with natural vents.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Thermal-induced airflow through a vent of an enclosure had
been studied extensively in the literature of fire, combustion,
energy, nuclear industry and marine engineering. Experimental
studies [1e4] on heating up water in a container indicated that
thermal expansion and buoyancy would lead to mass movement.
Periodic exchange of warm and cool air masses through a vent was
observed in enclosure fires [5e7]. Those results are useful for
modeling energy systems, room fires, onsetting of big fires in
buildings with glass facades, indoor aerodynamics induced by
heating, ventilation and air-conditioning systems, and smoke
exhaust with natural vents [8,9]. Whether air would flow in or out
of a vent in a compartment depends on the induced pressure
difference. Any perturbations disturbing the equilibrium would
lead to air movement, and might onset flow oscillations at the vent.
The oscillations can be sustained or even amplified when heat is
kept on supplying. Flow instability due to low frequency oscillation
flow for combustion in rockets [10] is a good example.

For an enclosure with an opening, pressure difference across the
vent induced by a heat source has four parts:

� Pressure difference DPp due to thermal expansion (section
8.4.2 of Ref. [3]):

DPp ¼ 1
2re

� _Q
CpTeA0Cd

�2

(1)

where re and Te are the density and temperature in the enclosure
next to the opening, A0 is the opening area, Cd is the flow coefficient,
_Q is the thermal power of the heat source and Cp is the specific heat
capacity of air at constant pressure.

� Pressure difference DPb due to buoyancy of the hot gas with
density rg:

DPb ¼ ðh� HNÞ
�
ra � rg

�
g (2)

where h is the height, HN is the neutral plane height from a refer-
ence point, g is the acceleration due to gravity and ra is density of
the ambient air.

� Pressure difference DPm resulted from mass exchanges around
the surrounding wall [3]:

DPm ¼ _m2

2reðCdA0Þ2
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