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ARTICLE INFO ABSTRACT

Air curtains are commonly employed in a variety of applications, including industrial ventilation systems,
Article Type commercial buildings, fire safety measures, and smoke control systems. These devices are particularly effective
Original Research in creating an invisible barrier of high-velocity air that separates indoor and outdoor environments. This barrier
significantly reduces the infiltration of external air, thereby limiting the spread of pollutant gases within
enclosed spaces. In addition to improving indoor air quality, air curtains contribute to temperature regulation
and energy efficiency by minimizing air leakage and reducing heat transfer across the separation boundary.
This study focuses on enhancing the performance of air curtains for pollutant containment, specifically the
control of CO: gas mass fraction under varying air and pressure conditions that act as external disturbances. To
achieve this, a sliding mode control (SMC) method is integrated into the regulation mechanism of the air curtain
velocity. The SMC approach is known for its robustness and effectiveness in handling systems with high
degrees of uncertainty or external perturbations. A wall jet configuration of the air curtain, combined with the
SMC strategy, is subjected to comprehensive numerical simulations. These simulations evaluate the system’s
ability to maintain effective pollutant separation and control in dynamically changing environments. The results

Article History demonstrate that the proposed control system significantly enhances the stability and performance of the air
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1- Introduction

Enhancing air condition management within enclosed or semi-
enclosed spaces has become a critical objective across a wide
range of sectors, including industrial facilities, commercial
buildings, and public safety infrastructure. The ability to
effectively manage airborne pollutants, such as hazardous gases,
particulate matter, and smoke is essential for maintaining not only
occupant health and safety but also for achieving regulatory
compliance and operational efficiency. In this context, air curtains
have emerged as a practical and widely adopted solution. These
devices generate a high-velocity, laminar sheet of air that acts as
an invisible barrier at doorways or openings, effectively
separating indoor environments from external conditions [1]. By
doing so, air curtains significantly reduce the infiltration of
unwanted substances such as dust, fumes, and outdoor pollutants.

Beyond their role in pollutant exclusion, air curtains offer
multiple operational benefits, including temperature regulation,
reduction of conditioned air loss, and enhancement of overall
energy efficiency within controlled environments. They are
extensively utilized in applications ranging from industrial
ventilation systems and commercial entrances to fire safety and
smoke control systems, where maintaining zone integrity is
essential. Nevertheless, one of the major challenges in air curtain
design and implementation is ensuring consistent and optimal
performance under varying and often unpredictable
environmental conditions, such as fluctuating pressure gradients,
temperature differentials, and external wind loads. To address
these challenges, some investigations are conducted on the
optimization of air curtain configurations and control strategies.

Ji et al. [2] developed a novel air curtain system, known as a
push-pull air curtain, and evaluated its effectiveness in smoke
control within a tunnel. Their findings indicated that push-pull air
curtains outperformed conventional side-wall smoke exhaust
methods. Additionally, the study examined the impact of air outlet
velocity and the momentum ratio between the outgoing airflow
and incoming smoke.

Safarzadeh et al. [3] investigated the role of vertical and
horizontal air curtains in fire control for multi-storey buildings.
Their research revealed that vertical air curtains performed poorly
under low-ventilation conditions. Expanding on this work,
Safarzadeh et al. [4] further explored the influence of air curtains
on fire spread in multi-floor structures, analyzing the effects of
supply angles, velocity, and ventilation on pollutant distribution
and temperature regulation. Their results showed that under
adequate ventilation conditions, the mass fraction of pollutant
gases (CO and CO:) approached zero, whereas in poorly
ventilated environments, air curtain efficiency significantly
decreased.

Yu et al. [5] examined the performance of PID-controlled air
curtains in urban bifurcated tunnels, highlighting a strong
correlation between fire source position, heat release rate, and air
curtain flow rate. Zhang et al. [6] assessed the effect of air curtain
jet velocity on smoke control in tunnels, concluding that a
minimum jet velocity of 14 (m/s) was required for effective
containment. Viegas [7] investigated the application of downward
vertical air curtains as a method for preventing smoke movement
within buildings, demonstrating their efficiency in smoke
containment. Additionally, Zhang et al. [8] analyzed the use of air
curtain-based smoke control systems in subway platforms,
confirming their effectiveness in preventing smoke diffusion.

Most of the previous researches on air curtains have
predominantly concentrated on optimizing their physical and
geometric configurations to improve performance across different
applications. Key areas of focus have included outlet velocity
profiles, jet inclination angles, nozzle geometries, and the
development of novel structural designs, such as the push-pull air
curtain systems which aim to enhance the stability and penetration
of the air jet.

Despite these advancements, there remains a noticeable gap
in the integration of advanced control methodologies aimed at
adapting air curtain performance in real-time to fluctuating
environmental conditions. Most conventional approaches treat the
air curtain as a passive device with fixed operational parameters,
which limits its effectiveness in the presence of external
disturbances such as sudden pressure shifts, varying pollutant
loads, or temperature gradients.
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This highlights the need for advanced control strategies that
can dynamically adjust air curtain parameters in response to real-
time environmental feedback. Such methods could significantly
enhance the functionality and reliability of air curtains, especially
in critical scenarios requiring precise pollutant containment or
thermal separation.

In air curtain jet systems, pressure variations act as
disturbances that can introduce nonlinear effects on curtain
velocity, making it difficult to predict and control using traditional
methods like PID. Since PID controllers are designed for linear
systems, they often struggle to maintain stability when faced with
variable pressure conditions. In contrast, SMC is a more effective
solution due to its robust handling of nonlinear disturbances and
variations [9]. SMC allows for precise and stable regulation of air
curtain velocity, even under continuous pressure variation.
Additionally, SMC is computationally efficient, making it easy to
implement on hardware with minimal processing requirements,
enabling rapid and accurate velocity adjustments.

These advantages also contribute to lower maintenance and
equipment costs, particularly in high-precision and stability-
critical systems. Therefore, implementing SMC for air curtain
velocity control under dynamic pressure conditions not only
enhances system performance but also optimizes cost efficiency.

This paper explores the enhancement of air condition
management through the application of optimized air curtains,
integrating the sliding mode control method to regulate airflow
and maintain effective pollutant mass fraction. By adjusting the
velocity of the air curtain in response to external disturbances,
such as changing pressure and environmental parameters, the
proposed system aims to maintain an optimal mass fraction of CO-
and other pollutants. The findings demonstrate the potential of this
innovative control strategy to significantly improve quality of the
air condition, ensuring robust pollutant management and
enhanced operational efficiency in enclosed spaces.

2- Navier-Stokes Equations/K-® Shear Stress Transport
(SST) Turbulence Model

In dynamic modeling, understanding fluid flow is crucial, as it
forms the foundation for analyzing and predicting system
behavior. The Navier-Stokes equations are used to describe the
motion of fluids based on the principles of momentum
conservation and continuity equation.

These equations are fundamental for predicting fluid behavior
under various forces, particularly in turbulent flow conditions.
The continuity equation presented in Eq. (1), ensures mass

conservation within the flow field, where Vv denotes the fluid

velocity vector.
V-5=0 M

In this study, the two-dimensional incompressible Navier-
Stokes momentum equations are employed. These equations
account for the conservation of momentum in both the horizontal
(x) and vertical (y) directions, incorporating effects of inertia,
pressure gradients, and viscous diffusion as follows:
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In these equations, u and v represent the velocity components
in the horizontal (x) and vertical (y) directions, respectively; pis
the fluid density; P is the static pressure; p is the dynamic
(molecular) viscosity; and p is the turbulent (eddy) viscosity,
introduced to capture turbulence effects within the airflow. The
convective terms on the left-hand side describe the inertial
transport of momentum, while the right-hand side includes
pressure gradients and the diffusion of momentum due to both
molecular and turbulent viscosity in the vertical direction.

The k- SST turbulence model [10] is used for modeling the
viscous sublayer of boundary layers due to its relative simplicity,
strong numerical stability, and effectiveness in capturing
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turbulence, especially in near-wall regions. It enables accurate
prediction of mean velocity profiles without the need for empirical
damping functions.

The modifications introduced by Wilcox [11] further enhance
the model’s capability to handle complex boundary conditions
such as rough surfaces and surface mass injection. Although the
model does not resolve detailed turbulence characteristics near the
wall, this limitation is acceptable in regions where the eddy
viscosity is significantly smaller than the molecular viscosity. As
a result, the model remains effective in predicting mean flow
behavior and wall shear stress with sufficient accuracy. It solves

Pressure inlet
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two transport equations: one for turbulent kinetic energy ( k),
which represents the energy contained in turbulence, and another
for the specific dissipation rate ( @ ), which controls the rate of
turbulence dissipation [11, 12].

3- Case Study

In order to obtain dynamic modeling based on numerical data, an
enclosed space with length 58 (m) and height 4.8 (m), equipped
with air curtain configuration is assumed as Figure 1. Note that
the air curtain width (b ) is selected as 0.2 (m).

LIR2nam Pressure outlet

_ 0‘8111[ b

Velocity inlet

H2=1.76m

— 1.2=33.8m

il

Fig.1 Configuration of the air curtain installed in the specified enclosed room and the position of the persons inside the room [13]

3.1- Boundary Conditions

The boundary conditions employed in this study include specified
velocity inlets at the discharge nozzle, where a range of velocities
is applied along with a turbulence intensity of 5%. All solid
boundaries are modeled as zero-thickness, no-slip walls. On the
left side of the computational domain, pressure boundary
conditions of 0.5, 1.5, and 2.5 Pa are applied to represent dynamic
pressure effects, while the static pressure reference is set to zero-
gauge pressure. A pressure outlet condition is imposed on the right
side of the domain, also with a turbulence intensity of 5% (see
Figure 1). All simulations are carried out under isothermal
conditions.

The working fluids considered in this study are air and carbon
dioxide (CO:), with CO: treated as the pollutant species. The mass
diffusivity of CO: in air is taken as 0.16 x 107* (m?/s). CO: gas is
released from the left side of the air curtain at different pressures.

The primary function of the air curtain is to restrict the spread
of CO: along the length of the room, maintaining adequate oxygen
levels on the right side. If an individual is positioned either
standing or sitting on the right side of the room (Figure 1), the air
curtain adjusts to ensure the supply of oxygen instead of the
pollutant gas, thereby creating a safer breathing environment.

To ensure the accuracy and robustness of the numerical
framework, the validation was carried out using three independent
and complementary datasets representing the dominant flow
regimes relevant to air curtain operation.

First, free jet experimental data available in [14] were
reproduced to evaluate the model capability in predicting jet
development and velocity decay . The simulations were performed
under steady Reynolds-averaged Navier—Stokes formulation
using the same turbulence model, numerical schemes, and
convergence criteria adopted in the main analysis. The predicted
normalized velocity profiles along the jet centerline showed good
agreement with the experimental measurements, with a mean
deviation on the order of a few percent, confirming the reliability
of the model in capturing free jet behavior (Figure 2 (a)).

Second, the numerical setup was assessed against an
independent room-scale air curtain simulation reported in [1],
focusing on airflow structure and pollutant transport under
identical boundary conditions. The comparison of normalized
velocity distributions demonstrated close consistency between the
present predictions and the reference results, verifying the ability
of the model to reproduce air curtain flow characteristics and
separation performance in an enclosed environment (Figure 2 (b)).
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Fig.2 Comparison of jet velocity profile with (a) validation case in
[14], (b) validation case in [1]

Third, experimental wall jet data in [15] were employed to
validate near-wall flow behavior, which is critical for wall-
mounted air curtain configurations. The numerical results closely
matched the measured velocity profiles at multiple downstream
locations, confirming that the selected turbulence model and near-
wall resolution accurately capture wall jet dynamics. Further
details are provided in [13].

Overall, the agreement obtained across free jet, wall jet, and
room-scale air curtain datasets confirms the reliability of the
adopted CFD methodology. These validations support the use of
the steady-state numerical results as a dependable basis for
extracting velocity—pollutant relationships and developing the

Volume 26, Issue 09, September 2026
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control-oriented model used in the subsequent closed-loop
analysis.

3.2- Solver Setting and Computational Grid

The simulations are performed using ANSYS Fluent, where the
two-dimensional Reynolds-averaged Navier-Stokes (RANS)
equations are solved in conjunction with the k—@ SST turbulence
model. Pressure-velocity coupling is handled using the SIMPLEC
algorithm, consistent with methods commonly adopted in similar
studies, and second-order accuracy is applied for pressure
interpolation. All simulations are carried out under steady-state
conditions. Convergence is considered achieved when the

scaled residuals fall below 107 for the X and ) momentum

equations, 107° for turbulent kinetic energy ( k ) and specific
dissipation rate (@ ), and 107 for the continuity equation [13].

A structured mesh is employed in the simulations, generated
by defining the geometry, boundary conditions, and flow regions.
This mesh type is chosen for its ability to conform closely to the
geometry, enabling better alignment with the flow features and
improved accuracy in regions with complex gradients. Edge sizing
techniques are applied to control mesh refinement, particularly
along wall boundaries, ensuring consistency and structure
throughout the domain.

Special attention is given to the near-wall regions, where the
mesh is refined to adequately resolve the boundary layer, making
it suitable for use with the k—® SST turbulence model. A finer
mesh is applied near the air curtain jet discharge to capture steep
velocity gradients, while coarser meshing is used in regions with
more uniform flow behavior. The wall jet mesh example is
depicted in Figure 3.

A grid convergence study was performed to verify that the
numerical predictions are not affected by spatial discretization.
Several structured meshes with progressively increasing
resolution were generated, spanning from a coarse grid to a highly
refined configuration. For each mesh, the weighted mean CO:
mass fraction was monitored as the primary assessment metric,
since it directly reflects the pollutant containment performance of
the air curtain (Table 1).

The results showed that mesh refinement led to diminishing
changes in the predicted mass fraction beyond an intermediate
resolution. Increasing the total number of cells above
approximately 33150 cells produced negligible variation in the
monitored quantity, while substantially increasing computational
expense. Accordingly, this mesh resolution was adopted for all
subsequent simulations. The selected grid (M2) provides adequate
resolution in regions with strong gradients, including the air
curtain jet discharge and the pollutant transport zone, while
maintaining reasonable computational efficiency.

Fig.3 The wall et mesh [13]

Table 1 Effect of mesh resolution on the CO2 mass fraction

Mesh Number of cells CO: mass fraction
M1 20,640 1.0000
M2 33,150 0.0417
M3 40,530 0.0000
M4 57,070 0.0030

4- Contours of Pollutant Distribution under Various
Pressure and Velocity Conditions

The mass fraction contours of CO, gas in the target room, are
presented for the air curtain with jet width 0.2 (m) and pollutant
inlet gas pressures of 0.5, 1.5, and 2.5 (Pa) [13] in Figures 4 and
5.

As the inlet pressure increases, the mass fraction of the
pollutant gas also rises following the principles of the ideal gas
laws, which leads to an increase in the air curtain jet velocity to
mitigate the spread of the pollutant gas.

Modares Mechanical Engineering

0 01 02 04 05 06 07 08 09 10

Mass fraction of co2

@) (b)

Fig.4 Mass fraction contours of CO; at inlet pressures of (a) 0.5 (Pa),
(b) 1.5 (Pa) with jet velocity of 2.5 (m/s) [13]

~ |

00 01 02 04 05 06 0.7 08 09 10
Mass fraction of co2
(a) (b)

Fig.5 Mass fraction contours of CO; at inlet pressure 2.5 (Pa), with jet
velocities of (a) 3.5 (m/s), (b) 4.5 (m/s) [13]

5- Extraction of Mass Fraction Data

To control CO2 mean mass fraction and adjust the air curtain jet
velocity by the controller, it is necessary to send the mass fraction
data to control system. According to the fact that mass fraction is a
parameter spatially distributed in the room enclosure, it is not
practical to implement all gathered information. So, a
representative variable for describing this distribution is used. For
this purpose, according to the contour plots in Figures 4 and 5, a
proper section which is at 3.5 (m) horizontal distance from the air
curtain, is selected. Accordingly, a set of mass fraction profiles as
a function of room height are extracted from simulation data at
this vertical section. The profiles are presented for three certain
CO: inlet pressures (P) i.e. 0.5, 1.5, and 2.5 (Pa), at different
curtain velocities ( V) in Figure 6.

To realize this distribution, multiple sensors were strategically
placed along the vertical wall of the enclosure at various heights in
this section. These sensors were configured to measure the local
mass fraction of CO: gas over time which will be used in the next
section to evaluate the weighted mean mass fraction as a
representative variable describing the CO: distribution.

Note that, the term ‘sensors’ refers to virtual sampling points
(monitoring probes) defined within the CFD solution domain.
These probes were placed at prescribed heights along the selected
vertical section to record local CO: mass fraction values extracted
from the converged simulation fields. For practical point of view,
the actual sensors may be implemented in the given procedure to
extract the necessary data.

By capturing the pollutant concentration at different vertical
levels, this approach allows for a comprehensive assessment of
pollutant dispersion dynamics within the enclosure.

1.2 , . , , . ' .
0.5 m/s
1 JE Tm/s [{
———15m/s||
5 08 2m/s
£
S 06 ——25m/s |l
&
. 0.4 ]
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Fig.6 Mass fraction distribution at different room heights for a jet
width of 0.2 m and inlet pressures of (a) 0.5 (Pa), (b) 1.5 (Pa), (c) 2.5
(Pa) at different air curtain velocities

6- Calculation of Weighted Mean Mass Fraction and
Regression Analysis

The average CO: mass fraction (m) based on the mass fraction
values detected by the sensors (my) is calculated as a weighted mean
to obtain a representative value of the overall pollutant present in
the monitored zone as follows:

e m 4)
m= Z wimw; = o7
i=1

n
i=1 My

where, w; and n stand for weighing factor and number of sensors,

respectively.

The next step involves interpolation based on mean mass
fraction values. For this purpose, a nonlinear function f,(v) based
on extracted mass fraction profiles is considered which maps jet
velocity to steady state mass fraction at a given pressure P. So, a
polynomial regression is employed to represent this relationship
between air curtain velocity and the weighted mean CO:. mass
fraction at each pressure level. Several candidate polynomial orders
were tested to capture the observed nonlinearity without
introducing numerical artifacts. Lower-order polynomials were
found to under-represent the curvature of the extracted data, while
higher-order fits offered no meaningful improvement and
increasing susceptibility to over-fitting and oscillatory behavior.

Table 2 summarizes the RMSE of polynomial interpolation for
different polynomial orders under various inlet pressure conditions.
Specifically for pressures of 1.5 (Pa) and 2.5 (Pa), the RMSE
decreases noticeably up to intermediate polynomial orders, after
which further increases in order do not lead to improvements. This
trend indicates that higher-order polynomials do not yield
substantial accuracy gains for these pressure levels and may
introduce unnecessary numerical sensitivity and oscillations.
Accordingly, a fourth-order polynomial was selected as a balanced
choice to ensure adequate accuracy while avoiding overfitting
across the studied pressure ranges.

Table 2 RMSE values of the regression polynomials with different

Mirzajani etal. 730

ms = fp(v) = ay + a;v + ayv? + azv® + a,vt (5)

where v denotes the airflow velocity. f, is the interpolation mass
fraction function for calculating mass (ms), with a, to a4 coefficients
calculated for a specific pressure P which are reported in Table 3.

Table 3 Fourth-order regression function coefficients

Function Pressure (Pa)
coefficients 0.5 1.5 2.5

0.0031 0.0069 0.0073
a,

-0.0182 -0.0650 -0.0829
a9

-0.0003 0.1690 0.2914
a,

-0.0022 -0.1485 -0.3665
a,
a 0.3550 0.3380 0.4305

orders
Pressure (Pa)
Ondey 0.5 15 25
1 0.0710 0.0537 0.0642
2 0.0696 0.0392 0.0427
3 0.0597 0.0294 0.0454
4 0.0836 0.0207 0.0424
5 0.0510 0.0218 0.0384
6 0.0501 0.0247 0.0444
7 0.0396 0.0286 0.0435

Based on this trade-off, the fourth-order model in Eq. (5) was
adopted.

Engineering Modares Mechanical

As the pressure changes, the system switches between
different mass fraction functions, leading to changes in system
dynamic. So, the dynamic model of the air curtain system can be
expressed as the following differential equations:

dm, _ 9f,(v) dv ©)

dt dv dt

7- Control System Structure Based on Sliding Mode Control
(SMC)

In this section, the control structure and the design procedure of
sliding mode control for controlling the mass fraction is presented.

The control system architecture is demonstrated in the
schematic block diagram of Figure 7 including CO, dispersion and
air curtain dynamics. The CO, dispersion dynamics consist of two
blocks. The first block accounts for nonlinear relation between jet
velocity and inlet pressure with mean mass fraction. The second

block considers a first order transfer function ——— with time
+ [

constant Tm as dispersion time constant, which accounts for the
time taken to the mass fraction reach its steady value after any
change in jet velocity. The air curtain dynamics is also considered
as a first order system with time constant Tv, which accounts for the
time taken to the jet velocity v(t) reach its steady value after any
change in jet velocity command vy(t)calculated by the control
system.

Considering the controlled variable as CO, mass fraction, the
feedback signal is selected as mean mass fraction m,. Based on
this, the controller adjusts air curtain speed by computing the jet

velocity command u(t) = v, (t ) using desired mass fraction

(my) and measured mass fraction (m,) data. It should be noted
that, the CO; inlet pressure at this control structure is considered as
disturbance input. For this purpose, the sliding mode control
structure is considered.
In order to design the proposed sliding mode controller, first,

a sliding surface is defined as Eq. (7) [9]:

s =16+ e @)

e, =my—m,
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Reference Input
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[ Controller —l—c

v . |
" y |
| [ | l+7,5 i

My Mass Fraction

Air Curtain Dynamics

Feedback Signal

CO, Dispersion Dynamics

Fig.7 Closed-loop block diagram

where mgy is the desired mean mass fraction and m, denotes the
controlled mean mass fraction with the e; being the output error.
Mand A, represent sliding surface design parameters which are
selected as positive constants to shape the error dynamics and
ensure a fast yet non-oscillatory convergence. In the simulations
reported in this study, the controller parameters were set to A;=1
and A,= 10. These values were chosen to balance settling time and
robustness against pressure-induced disturbances while avoiding
excessive control activity.

In the next step, the sliding surface dynamics may be written
as Eq. (8).

$ = A165 + A€ ®)

= (g — 1) + A, (g — 1)

1
=4y — A4 ‘[_(ms —1m,) |+ A1y — Ap1i

m
A 0fp 1

:Almd:AZmd—aav - u—v)
1 /2
+_(_1_AZ)(ms_mu)
Tm Tm

=w+e

Where w is a virtual input and ¢ stands for disturbances and
uncertain terms compensated by sliding mode controller. So, the
control law may be obtained as follows:

By assuming w= -1 sgn(s), it may be shown that by using a
proper Lyapunov function [9], an appropriate scalar function n
may be selected so that the proposed control law makes the sliding
surface approach zero in finite time and guarantees the stability of
the sliding motion and hence the output error es.

This also ensures that mass fraction reaches to the desired
value asymptotically. Note that to reduce the chattering, a
common phenomenon occurred in sliding mode-controlled
systems due to switching behavior of sign function, the saturation
function is implemented instead.

8- Results and Discussions

In this section, the performance of the proposed sliding mode
control strategy is evaluated through numerical simulations under
varying pressure conditions.

The primary objective is to assess the effectiveness of the
optimized air curtain in maintaining pollutant containment while
adapting to different pressure conditions. The air curtain velocities
vs and controlled pollutant mass fractions (m,) at three different
pressures 0.5 (Pa), 1.5 (Pa), and 2.5 (Pa) are shown in Figure 8.

As expected, higher pressure levels lead to an increase in
required air curtain velocity to effectively control the pollutant
gas, reflecting the need for stronger airflow to prevent pollutant
penetration.

The sliding mode controller (SMC) effectively regulates the
velocity to maintain stability, ensuring that even under different
pressure values, the system controls mass fraction effectively, so
that the mass fraction in all three pressure scenarios, reaches to
desired value (0.15) in almost 1000 sec, and the SMC quickly

Modares Mechanical Engineering

stabilizes the system, ensuring pollutant containment within
acceptable limits.

0.32 T T T T T T T T T
—==-P=05Pa
R P=15Pa
0.27 ) P=25Pa |
ww Desired value
£ 022 J
0.17 4
0.12 . . . . . . . . .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (seconds)
(@
4.5 T T T T T T T T T
s ———.P=05Pal
. R P=15Pa
@
~ P =25Pa
B350 ..
3P ]
Se
2.5

"0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (seconds)
(®)
Fig.8 (a) mass fraction, m_ , (b) jet velocity, V (m/s),

The results indicate that despite increasing pressure, the air
curtain maintains a controlled pollutant mass fraction,
demonstrating the robustness of the proposed control strategy.

The results also confirm the low delay time, ensuring fast
convergence to the desired mass fraction value. Also, no
overshoot is observed in all different pressure scenarios. The
tracking error is also negligible, which guarantees the accurate
mass fraction control. The calculated jet velocities by the control
method are reasonable and in the functional range, which may be
provided in order to create desired pollutant mass fraction values.

Additionally, the effect of pressure variations as external
disturbances on both the jet velocity and mass fraction is
investigated to demonstrate the robustness of the designed
controller. The results are presented in Figure 9. It is assumed that
the pressure experiences changes from 1.5 to 2.5 (Pa) and back to
2.5 (Pa) (Figure 9 (a)).

The Figure 9 (b) shows that the jet velocity V is effectively
regulated to compensate rapid pressure changes regarded as
disturbances, in order to control mass fraction. It is obvious that
by increasing pressure, higher values of jet velocity should be
provided.

The results in Figure 9 (c) indicates that the control system
effectively controls mass fraction in the presence of pressure
sudden variation, so that the closed loop system outputs reach the
desired value (0.15) in finite time smoothly.
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Overall, the simulation results confirm that despite dynamic
pressure variations, the control strategy ensures stability and
effective pollutant containment, demonstrating its robustness
against environmental fluctuations. These results support the
effectiveness of the sliding mode control in dynamically adjusting
air curtain velocity to maintain the quality of the air condition in
enclosed spaces under varying pressure conditions.

9- Conclusion

This study presents an automated air curtain system integrated
with a sliding mode control (SMC) strategy to enhance air
condition management in enclosed spaces. Through detailed
numerical simulations, the effectiveness of the proposed control
system was evaluated under different pressure conditions acting
as external disturbances. The results demonstrated that the SMC
effectively regulates the air curtain velocity to maintain a stable
pollutant mass fraction, ensuring robust containment of CO: gas
despite varying environmental conditions. The findings highlight
the advantages of SMC in handling disturbances, providing rapid
adjustments to pressure fluctuations while maintaining system
stability. Ultimately, the proposed approach exhibited appropriate
performance in pollutant containment and response time, making
it a viable solution for dynamic air condition control applications.
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