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ABSTRACT

Smoke curtains are of particular importance in smoke management within parking garages. In this study, the
effect of increasing the smoke‘curtain height on changes in visibility range and carbon monoxide concentration
was investigated for a commercial parking garage using Pyrosim 2024 software, a subject that has not received
significant attention in previous'studies. The_ simulation parameters included a 4 MW Heat Release Rate (HRR)
and polyurethane as the fuel source, with variations in smoke curtain height considered. The simulation was
performed for 10 minutes post-ignition. A numerical investigation was conducted for simulation validation. The
results show that in the 2-meter smoke_curtain state, visibility in the center and left side of the parking is
approximately 27 to 30 meters, and between 6 to«21 meters on the right side. In this state, visibility is
approximately 12% higher compared to the ne=curtain state and 46% higher compared to the fully closed
curtain state. The highest visibility is observed for the 2-meter curtain state, and the lowest visibility is observed
for the fully closed curtain state. The results also indicate that in the fully closed curtain state, the maximum
carbon monoxide concentration is between 1.5x1075and 3x107%.
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1. Introduction

With the rapid expansion of enclosed parking
facilities, fire safety—specifically the management of
smoke and toxic gases like carbon monoxide (CO)—has
become“a critical concern for maintaining tenable
conditions \and ensuring safe egress. Computational
Fluid Dynamics (CFD) modeling, such as PyroSim, is
now a vital tool for evaluating the performance of
Smoke’ Management Systems (SMS) in these complex
environments.

Extensive research, has shown that smoke
accumulation .and, evacuation efficiency are highly
sensitive to“ventilation status, architectural geometry,
and the integration of .active and passive fire protection
measures [1, 2]. 'In__specialized underground
infrastructures like metro stations and parking facilities,
the strategic placement of jet fans andiexhaust systems
is paramount to prevent inadequate smoke.clearance [3].
However, a critical design conflict exists regarding the
use of smoke curtains. While, essential for
compartmentation, elevating smoke curtains«to provide
unobstructed access for emergency responders increases
smoke leakage into adjacent zones.

Currently, there is a lack of comprehensive research
addressing the optimal height of smoke curtains that
balances smoke containment with operational
accessibility. To address this gap, this study investigates
the impact of varying smoke curtain heights (0 to 3 m)
on smoke propagation, visibility, and CO mass fraction
in a commercial parking facility using CFD simulations.
The goal is to determine an optimal height that ensures
effective smoke control while maintaining necessary
clearances for emergency response.

2. Methodology
2.1. Numerical Modeling

The numerical simulations were performed using
PyroSim, a sophisticated graphical interface for
advanced fire dynamics modeling. The governing
equations for smoke flow, heat transfer, combustion,
and gas propagation are solved based on the principles
of conservation of mass, momentum, energy, and
chemical species. To capture the complex, unsteady
nature of turbulent fire plumes and smoke movement,
the Large Eddy Simulation (LES) model was
employed. Unlike Reynolds-Averaged Navier-Stokes
(RANS) models, LES directly resolves the large-scale
turbulent eddies—which are the primary drivers of
smoke and fire spread—while modeling the smaller,
isotropic scales, thereby providing superior accuracy
with computational efficiency.

For the combustion process, the Mixture Fraction
Model was utilized. This model is particularly well-
suited for fire simulations as it is based on the limiting
factor of fuel-air mixing, offering an optimal balance
between computational speed and physical accuracy in
predicting flame structure and heat release.
Furthermore, thermal radiation is modeled by solving
the radiative transfer equation directly, and the Beer-
Lambert Law is implemented to accurately predict
smoke obscuration and its impact on visibility.

2.2. Computational Domain and Geometry

The computational domain represents a 3 m-high
commercial parking facility, as detailed in Figure 1.
Key components include fresh air inlets and four
centrally located jet fans (both at 2.7 m elevation),
smoke exhaust vents (2.6 m elevation), and smoke
curtains installed along the lower boundary. The layout
also incorporates structural features—an elevator, an
emergency staircase, and two storage rooms—to
accurately simulate the spatial constraints affecting
smoke management.
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Fig. L.Geometry and dimensions of the
car park

2.3. Fire Scenario and Boundary Conditions

A realistic “vehicle” firesscenario was simulated,
representing the combustion of a vehicle containing
polyurethane. The fire is initiated at t=1s and expands
rapidly. The Heat Release Rate (HRR)follows a growth
curve that reaches a peak of 4 MW at t=30's, simulating
the intense thermal release of polyurethane. At t=60 s,
the fire is fully suppressed through the activation of the
fire suppression system. The total'simulation duration is
set to 600s (10 minutes). The exact fire “location is
indicated by a red rectangle in Figure 1. In the software,
this is modeled using a constant heat" flux”boundary
condition at 4 MW.



2.4. Smoke Management System (SMS) Operation

The smoke management system follows a staged
activation sequence: the smoke exhaust system starts at
t=60s with a total flow rate of 81,600 m3/h, followed by
the  fresh-air supply at t=90s with 42,500 m3/h,
equivalent to 50% of the exhaust capacity. At t=120s,
the jet fans are activated to direct smoke and heat
toward the exhaust vents and improve air distribution.
All systems remain operational until t=600 s.

3. Discussion and.Results

The visibility \field distribution at t=600s varies
significantly’with smoke curtain height (Figure. 2). Due
to the convective flow<from the fresh air inlet (left) to
the exhaust vents< (right), <a visibility gradient is
observed across the parking area. Increasing the curtain
height improves visibility in the«Central zone by up to
33% but intensifies smoke _concentration on the right
side. However, higher curtains facilitate better smoke
evacuation by increasing local flow pressure and
exhaust velocity. Ultimately, “a. 2.0m" curtain height
provides optimal visibility, while a fully.closed curtain
significantly restricts visibility in both-zones.
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Fig. 2. Visibility distribution at t=600 s for different smoke-
curtain heights: (a) h=0, (b) h=0.5 (c) h=1, (d) h=1.5, (e) h=2h,
and (f) h=3h

The temporal profiles of average CO concentration at
z=1.8 (Figure. 3) show a sharp rise during the first
100s, followed by a steady decline after the SMS
activation (100-200 s). While curtain heights between 0
and 2m maintain relatively low CO concentrations
(=5x107°), the 3m fully closed curtain significantly
impedes ventilation, causing CO levels to escalate to as
high as 5x1073. These results demonstrate that complete
closure of smoke curtains hinders transverse air
movement, thereby compromising the efficiency of the
smoke management system.
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Fig. 3. Average carbon monoxide mass fraction at different
times for a horizontal plane at a height of 1.8 m.

4. Conclusions

This research analyzed the effect of smoke curtain
height on visibility and CO concentration in a
commercial parking garage using PyroSim 2024. The
results demonstrate that:

1./ Increasing curtain height up to 2.0 m boosts
smoke extraction velocity by reducing the exit
areaand creating a positive pressure effect.

2. The 2.0m curtain configuration improves
average visibility by 12% over the no-curtain
case and.by 46% over the fully closed case.
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Table 1. Reference conditions [23]
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Fig. 5. Air velocity distribution in the parkingat: (a) 50 s, (b) 655, (¢) 125 s, and (d) 185 s.
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Fig. 6. Smoke distribution in the parking at (a) 40 s, (b) 120 s, (c) 300 s, and (d) 600 s.
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Fig. 9. Average visibility values at different times for a horizontal plane at a height of 1.8 m.
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ABSTRACT
Smoke curtains are of particular importance in smoke management within parking garages. In this study, the

effect of increasing the smoke curtain height on changes in visibility range and carbon monoxide concentration
was investigated for a commercial parking garage using Pyrosim 2024 software, a subject that has not received
significant attention in previous studies. The simulation.parameters included a 4 MW Heat Release Rate (HRR)
and polyurethane as the fuel source, with variations in smoke curtain height considered. The simulation was
performed for 10 minutes post-ignition. A numerical investigation was conducted for simulation validation. The
results show that in the 2-meter smoke curtain state, visibility in the center and left side of the parking is
approximately 27 to 30 meters, and between 6 to 21 meters on the right side. In this state, visibility is approximately
12% higher compared to the no-curtain state and 46%"higher compared to the fully closed curtain state. The
highest visibility is observed for the 2-meter curtain state, and the lowest visibility is observed for the fully closed
curtain state. The results also indicate that in the fully closed curtain state, .the maximum carbon monoxide
concentration is between 1.5x10-%and 3x1075,

KEYWORDS
Smoke curtain, Jet fan, Make-up air, Smoke extraction, Fire
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