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Abstract High-rise buildings are usually exposed to wind.
Except for the chimney effect, smoke movement and fire
behavior are strongly influenced by external wind forces.
In this research, the effect of side wind was investigated
numerically with Pyrosim software and using the
Navirastox equations, energy, mass survival, fire and
smoke distribution, and the large eddy simulation model
was used for turbulence. For validation, the results were
compared with Zhao et al.'s research. The side wind speed
was considered between 0 and 1.2 m/s. The effect of side
wind on smoke temperature was evaluated at different
released heat. The released heat was considered in three
modes of 300, 500 and 900 kW. In the case of constant
released heat, the temperature should increase at first
until it reaches a temperature peak, then the temperature
decreases with the increase in wind speed. Also, with the
increase in wind speed, the concentration of carbon
monoxide increased by about 3%. The results showed that
the side wind increases the risk of fire and should be
considered in the design of buildings exposed to the wind.

Key Words Smoke Movement, Fire Behavior, Side Wind,
Pyrosim Software, Smoke Temperature.

1- Introduction

The rise in population and contemporary urban living
patterns have prompted urban areas to adopt vertical
development, resulting in residents inhabiting tall
structures. Conversely, both natural and human-induced
disasters are an inherent aspect of human existence, with
fires being a notable example. Fires occurring in high-rise
commercial buildings present distinctive challenges and
circumstances due to the unique design and capacity of
these structures. Fires in high-rise buildings can result in
significant financial losses and loss of life. The evacuation
process in these structures can consume substantial
resources, lead to the closure of large city areas, and pose
a risk to many individuals if not managed effectively.
Managing smoke and airflow presents a significant

challenge in these buildings, with toxic gases being a
primary cause of fatalities in building fires. Therefore,
effective smoke control measures are crucial. High-rise
buildings are often exposed to wind, which, aside from the
chimney effect, greatly influences the movement of smoke
and behavior of fires. In the event of a fire in large and tall
buildings, the spread of smoke is primarily facilitated by
horizontal corridors, shafts, and vertical staircases. When
the chimney effect takes place, the rapid dispersion of
smoke is facilitated through vertical shafts and staircases.
This phenomenon is primarily attributed to the influence
of chimneys, turbulent air currents, and external wind
pressures. In this study, an examination was conducted on
a staircase within a 6-story building subjected to lateral
external wind using Pyrosim software. The findings were
then compared with the research conducted by Zhao et al.
various wind speeds and levels of released heat were taken
into account, resulting in the analysis of smoke distribution
and temperature changes caused by external side wind.

2-Simulation

In Zhao et al.'s study, the focus is on analyzing the
geometry of a vertical structure resembling a shaft or
staircase comprising six floors and an elongated corridor.
The researchers utilized Pyrosim software to simulate this
configuration. The shaft stands at a height of 30 meters,
with dimensions of 4 meters in length and 3 meters in
width. Each floor within the shaft is 5 meters in height. The
corridor, on the other hand, measures 12 meters in length,
4 meters in width, and 5 meters in height, featuring an
entrance door sized at 3 4 meters and a window on the
upper floor measuring 3 2 meters. The wind direction is
perpendicular to the upstairs window. Temperature
measurements were conducted using five thermocouples
positioned within the shaft or staircase. Heat release rates
of 300, 600, and 900 kW were considered, alongside side
wind speeds ranging from 0 to 1.2 m/s. The ambient
temperature throughout the experiment was maintained at
30°C. 3-Result In this study, various scenarios were
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examined to analyze the impact of a fire occurring in a
staircase. The heat release rates were set at 300, 600, and
900 kW. Wind speeds ranging from 0 to 1.2 m/s were
evaluated for each of the three heat release conditions. The
findings pertaining to temperature variations, carbon
monoxide levels, and pressure differentials are detailed in
the results. In order to validate their findings, Zhao et al.
juxtaposed the laboratory temperature data against the
outcomes of their simulations. Specifically, the
temperature within the stairwell at an elevation of 2.9
meters was contrasted with a heat release rate of 300
kilowatts, under the assumption of a wind speed of 1 m/s.
The empirical observations were found to align closely
with the computational results derived from the
simulation. Following combustion, a swift escalation in
temperature within the shaft was noted, suggesting the
inward flow of hot smoke within the shaft due to buoyancy
and flue dynamics.
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Figure 1. Comparison of laboratory temperature and
simulation at a height of 2.9 meters with released heat of 300
kilowatts and wind speed of 1 meter per second
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Figure 2. Comparing the pressure difference of the lower
door with the wind speed in experimental and numerical
mode with different released heat

The study verified the numerical assessment of the
pressure differential at the lower door in relation to wind
velocity. The analysis considered factors such as pressure
differential, thermal pressure variance, and pressure
reduction due to external wind, which escalates notably
with higher external wind speeds. Findings indicate a

positive correlation between wind speed, heat release, and
pressure differential. Consequently, it is inferred that
external wind intensifies the chimney effect, leading to the
expulsion of hot gases within the stairwell.

The stairwell's temperature was assessed at various
heights, revealing a uniform distribution of temperature
within the shaft with variations of less than 5 degrees
Celsius. Changes in temperature due to side wind speed
fluctuations can be categorized into two distinct patterns:
when 300 kW of heat is released, the column's temperature
initially peaks before declining as wind speed increases.
This phenomenon can be attributed to the dual impact of
side winds. On one hand, the influx of fresh air in the
corridor enhances fuel evaporation and combustion
intensity, thereby elevating the column's temperature.
Conversely, the entry of ambient air into the column exerts
a significant cooling effect. Moreover, high wind speeds
can induce robust convective heat transfer from the
column to its surroundings, further contributing to
temperature reduction through the wind's cooling effect.
The study findings suggest that variations in wind speed
do not significantly impact temperature changes in the
presence of released heat. This is attributed to the
heightened influence of released heat on inhibiting wind
cooling effects within this specific range of wind speed,
resulting in a lack of temperature decrease. Additionally,
the research outcomes indicate that released heat plays a
significant role in influencing temperature peaks. Toxic
gases are a primary factor contributing to fatalities in fires.
The presence of carbon monoxide is evenly dispersed
within staircases in correlation with external wind patterns.
When wind is present, smoke ascends at a slower rate, and
the airflow is impeded by the wind, leading to a rise in
carbon monoxide levels due to reduced air circulation
through the entrance door. In cases where the fire
originates near the door, restricting airflow through the
entrance directly impacts combustion efficiency, resulting
in heightened carbon monoxide production. Additionally,
as the staircase height increases, smoke concentration also
rises. Findings indicate that under constant heat release
conditions, carbon monoxide levels escalate with higher
external wind velocities.

4- Discussion

This study examined the dispersion of smoke, smoke
temperature, and fire behavior within a stairwell or shaft
of a high-rise building under the influence of ambient
lateral wind, and contrasted these findings with the
laboratory outcomes reported by Zhao et al. The
implications of this research are significant for engineers
and firefighters involved in the development of fire smoke
management systems and the evacuation of individuals
stranded in fires exacerbated by lateral wind effects. When
the external wind impacts the upper window of a staircase
or shaft, it results in a pressure drop. This causes smoke to
be drawn towards the staircase from the entrance door due
to the wind flow. Higher wind speeds and greater pressure
differentials accelerate the release of smoke. The reduced
pressure diminishes the amount of air entering through the
entrance door, leading to incomplete combustion.
Consequently, the concentration of hazardous carbon
monoxide gas rises. This heightened presence of toxic
gases poses a risk to individuals, necessitating a prompt
evacuation of the building.
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