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Abstract

The current research examines the thermal environment and thermal comfort of a commercial zone
within airport terminals under summer operating conditions through a computational fluid dynamics
(CFD) analysis. The main aim of the experiment was to assess the effects of the inlet air temperature,
inlet air velocity, and ventilation design on the distribution of the airflow and passenger thermal comfort
based on the Chinese national standard GB/T 50785. The commercial zone was modeled as a three
dimensional computational model on CATIA V5 and numerically modeled on ANSYS Fluent. The
simulations used the Realizable k—¢ turbulence model, the SIMPLE pressure—velocity coupling
technique, and the second-order upwind discretization scheme. Different modifications in the supply air
temperature and inlet airflow velocity were used to test the five cases. The findings revealed that higher
inlet airflow velocity and lowering inlet air temperature greatly enhanced airflow circulation and
minimized thermal stratification within the commercial area. Case 4 had the highest thermal comfort
performance and breathing zone temperatures of nearly the recommended Class I comfort range
outlined by GB/T 507835. It is concluded that optimized ventilation parameters can be effectively used to
improve indoor thermal comfort and ventilation performance in commercial spaces of airport terminals.

Keywords; Thermal Comfort, Computational Fluid Dynamics (CFD), Airport Terminal Ventilation,
Realizable k—¢ Model, Indoor Thermal Environment

I.  INTRODUCTION

Thermal comfort in the indoor environment has emerged as a research topic
because of the growing time that people spend indoors in residential, commercial,
educational, and industrial buildings. The indoor environment quality is quite
influential on human health, productivity, wellness, and life quality in general [1].
A state of mind known as thermal comfort denotes satisfaction with the thermal
environment. Other environmental and personal variables, such as "air temperature,
humidity, air velocity, mean radiant temperature, garment insulation, and metabolic
activity", also have an impact [2], [3]. A suitable thermal environment must be
provided in order to ensure building occupant comfort and energy efficiency. The
fast urbanization, climate change, and increasing energy efficiency requirement in
buildings have heightened the necessity of effective thermal comfort management
strategies [4]. “Heating, ventilation and air conditioning (HVAC) systems” are
common in present-day buildings to ensure that the required conditions are
maintained indoors. But, mis-design or functioning of these systems can result in
uneven temperature distribution, inadequate circulation of air, high energy use and
occupant discomfort. Thus, the thermal performance of indoor environments is now
a critical issue to learn how to design comfortable and sustainable living and
working areas [5], [6]

Thermal comfort is the subject of study that examines the airflow patterns, heat
transfer process, temperature distribution, and ventilation efficiency in enclosed
spaces. Indoor thermal conditions and ventilation system performance are usually
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determined by use of “Computational Fluid Dynamics
(CFD)” and experimental methods [7], [8]. The positioning
of air inlets and outlets, airflow velocity, occupancy level,
and seasonal variations are factors that are important in the
determination of conditions of indoor comfort. To improve
indoor air quality, reduce thermal stress, and reduce energy
consumption, these parameters may be effectively adjusted
[9], [10]. Over the past years, scientists have been working
on the expansion of new technologies that can help to
improve thermal comfort, minimizing the impact on the
environment and the associated costs [11], [12]. There is
growing use of sustainable building technologies, energy
efficient HVAC systems, passive cooling, and smart
ventilation  strategies to attain improved indoor
environmental conditions. The combination of renewable
energy systems and smart control technologies has also

helped to enhance the indoor thermal performance [13]..

Importance of Thermal Comfort in Airport Terminals

One of the critical areas of indoor environmental quality
in airport terminals is thermal comfort since these buildings
host a significant number of passengers, visitors, and
employees over a prolonged period. Airport terminals are an
intricate interior setting which is densely populated, operates
24 hours and has a fluctuating climate [14], [15]. To
maintain customer satisfaction, employee productivity and
general operational efficiency, there is need to maintain
appropriate thermal conditions within such spaces. Thermal
comfort is a condition where the occupants are satisfied with
the surrounding environment thermally [16]. Factors
affecting it include air temperature, humidity, airflow,
radiant heat and human activity. Airport terminals are built
to accommodate people who have various climatic
conditions and physical abilities; hence, it becomes difficult
to ensure that there are similar thermal conditions [17], [18].
Long queues, overcrowded space, or uneven distribution of
temperature may cause discomfort to the passengers. Poor
thermal conditions may lead to stress levels, fatigue and
dissatisfaction Likewise,
employees spend long periods of time in unfavorable
thermal conditions, they can lose concentration,
productivity, and health issues [19], [20].

among  passengers. when

There is also a direct correlation between indoor air
quality and energy efficiency in thermal comfort. Adequate
ventilation and airflow ensures fresh air flow and minimizes
the build up of pollutants and odors. The HVAC (heating,
ventilation, and air conditioning) systems of airport
terminals consume a lot of energy [21], [22]. Thus, energy-
saving and the accomplishment of thermal comfort have
become a significant goal in sustainable building design.

The development of HVAC technologies, intelligent control
systems, and computational analysis techniques has
enhanced the capability to control and optimize the thermal
requirements in the indoor settings [23], [24]. Scholars are
paying more attention to airflow distribution, minimizing
thermal stratification, and maximizing energy efficiency
within airport buildings. Adequate management of thermal
comfort is not only good in enhancing the well-being of
occupants, but also in ensuring sustainable development and
environmental conservation. Thus, research on thermal
comfort in airport terminals is vital in creating healthier,
more efficient, and energy-conscious indoor spaces [25],
[26]

Role of HVAC Systems in Thermal Comfort

The Heating, Ventilation and Air Conditioning (HVAC)
systems are also important in ensuring thermal comfort and
air quality in the airport terminals and other big indoor areas.
HVAC systems are meant to control the temperature,
humidity, air movement and the purity of air in the inside
environment so as to provide comfortable conditions to the
occupants [27]. Airport terminals are busy 24/7, and they
serve many people; there is a need to ensure that the HVACs
are running effectively to comfort passengers and save on
energy. The heating part of HVAC systems makes the
appropriate temperatures at the interiors in case of cold
weather, and the cooling part removes unnecessary heat in
times of summer [28], [29]. The ventilation systems bring
fresh air outside and take away contaminated indoor air,
hence, enhancing the indoor air quality and decreasing the
levels of pollutants. When properly ventilated, they also aid
in controlling the level of the humidity and avoid the build-
up of odours, bacteria and air contaminants [30], [31].

Another important role of HVAC systems is air
distribution. The supply diffusers and return outlets should
be properly placed to have even distribution of air flow and
temperature in the inside environments. Lack of uniformity
in air circulation can cause hot and cold spots, which can
cause occupants to feel uncomfortable [32]. Advanced
HVAC systems employ sensors, automated controls, and
smart technologies to constantly measure the conditions
within the indoor environment and respond to system
performance. The energy consumption of airport buildings
is also significantly influenced by HVAC systems [33]. The
demanding energy requirements are due to large cooling and
heating loads, high occupancy density, and extensive
operating hours. Thus, the HVAC systems that are more
energy-efficient (e.g. the use of variable air volume systems,
energy recovery ventilation, smart thermostats, integration

https://ijisem.com

395



IJISEM

INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCE
ENGINEERING AND MANAGEMENT

International Journal of Innovations In Science Engineering And Management

of renewable energy) are becoming more popular to enhance
the efficiency of the systems and make them cheaper to
operate [34]. HVAC systems directly affect the thermal
comfort, occupant satisfaction, and building sustainability.
Design, maintenance, and optimization of HVAC systems
are useful to achieve the stable indoor thermal condition and
reduce the amount of energy used and the environmental
impact. The HVAC systems are therefore regarded to be the
foundation of the indoor environmental control in
contemporary airport terminals and enormous commercial
buildings [35].

Objective

1. To study the thermal comfort inside the airport
terminals in the summer season.

2. To study the effect of variation in the inlet and
outlet vent position in the commercial space of the
airport terminals.

3. To study the effect of variation in the temperature
of the inlet vent in thermal comfort.

4. To study the effect of variation in the velocity of
the inlet air in thermal comfort.

5. To study evaluate the thermal comfort in the
commercial space of the airport terminals
according to the General Chinese Standards (GB/T
50785).

RESEARCH METHODOLOGY

Geometry Description

The computational domain used in the present study was
designed to investigate the airflow distribution, ventilation
performance, and thermal environment inside a commercial
island space. The geometric model of the commercial island
had overall dimensions of 13 m in length, 9 m in width, and
4.2 m in height. To accurately capture the surrounding
airflow behavior and minimize boundary effects during “the

Computational Fluid Dynamics (CFD) simulation”, a
computational domain of commercial zone was developed
with dimensions of 39.5m X 19 m x 9 m.

The ventilation system configuration consisted of two
different size of inlet vents positioned near the ceiling level
on the walls of the commercial island. There are 5 inlet vent
are placed in the left and right side wall, and 6 inlet vent are
placed in the back side wall. The first size of inlet vent had
dimensions of 0.6 m x 0.15 m, while the second size of inlet
vent measured 0.65 m x 0.2 m. In order to distribute airflow
evenly throughout the interior space, the smaller inlet vents
were symmetrically placed on the commercial island's left
and right side walls. The positioning of the inlet vents near
the ceiling was intended to enhance air circulation and
improve ventilation effectiveness throughout the occupied
zone

An outlet vent with dimensions of 1.6 m x 0.6 m was
installed on the front wall of the commercial island. The
outlet vent was designed to facilitate the removal of indoor
air and maintain continuous airflow circulation within the
computational domain. The arrangement of inlet and outlet
vents was selected to investigate the influence of ventilation
configuration on “airflow characteristics, temperature
distribution, and thermal comfort conditions”.

For simplification of the computational model, seated
passengers and seating arrangements were represented as a
simplified rectangular block with dimensions of 3.4 m x 1.2
m x 1.2 m. This simplification reduced computational
complexity while preserving the influence of occupant
obstruction on airflow patterns and heat transfer behavior.
The developed geometric model was subsequently used for
mesh generation and numerical analysis in ANSYS Fluent
to evaluate indoor thermal and ventilation performance.

Figure 1: Computational domain of Commercial Island
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Inlet vent at left and right side wall

Inlet vent at back wall

Outlet vent at front wall

Figure 2: Inlet and outlet vent dimension

Chinese national standard GB/T 50785

The Chinese national standard GB/T 50785 named
Evaluation Standard for Indoor Thermal Environment in
Civil Buildings gives guidelines for evaluation of thermal
comfort conditions in indoor environments during summer
and winter seasons. This standard is widely used in China
for evaluating indoor environmental quality in residential,
commercial, institutional, and public buildings. The
standard establishes acceptable indoor thermal parameters to
ensure occupant comfort, health, and energy-efficient
building operation. GB/T 50785 evaluates indoor thermal
comfort by considering environmental factors including
"indoor air temperature, relative humidity, air velocity and
thermal sensation". The standard classifies indoor thermal
environments into different comfort categories according to
occupant satisfaction levels. The parameters were registered
at 1.1 m, height that better represents the environmental
comfort. Among these, Class I and Class II thermal comfort
conditions are commonly adopted for building design and
environmental assessment

Table 1: Class I and Class II thermal comfort
conditions

Summer Season Winter Season

Conditions Conditions
Class I Thermal Comfort Conditions
Indoor operative 24°C -26°C 20°C —24°C
temperature
Relative humidity 40% — 60% 30% — 60%
Air velocity 0.25 m/s <0.20 m/s

Class II Thermal Comfort Conditions

Indoor operative 26°C —28°C 18°C —20°C
temperature
Relative humidity 30% — 70% 30% —70%
Air velocity <0.30 m/s <0.25 m/s

Compared with Class I, Class II conditions allow wider
thermal parameter ranges and slightly lower thermal comfort
expectations while reducing energy consumption. The GB/T
50785 standard is important for evaluating indoor thermal
environments and HVAC system performance in building
engineering studies. The standard provides reference values
of temperature distribution, humidity levels, airflow velocity
and thermal comfort of occupants for "computational fluid
dynamics (CFD) simulations and experimental
investigations". The standard also supports sustainable
building design by balancing occupant comfort with energy
efficiency. By following GB/T 50785 guidelines, designers
and researchers can “optimize ventilation systems, improve
indoor air quality, and reduce energy consumption” while
maintaining acceptable thermal conditions in indoor
environments.

Numerical simulation

Based on the measured data and specified initial
boundary conditions, numerical simulations were conducted
using ANSYS Fluent software to investigate the indoor
thermal environment and airflow characteristics within the
commercial zone. The simulations were performed under
steady-state conditions to evaluate airflow distribution,
temperature variation, and thermal comfort performance
inside the computational domain. In the present study, “the
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Realizable k—e¢ turbulence model” was employed for
turbulence modeling. This model was selected because of its
improved capability to accurately predict complex turbulent
flow behavior, including jet flows, recirculation regions,
impinging flows, rotating flows, vortex structures, and
thermally buoyant airflow. Furthermore, “the Realizable k—¢
model” has been widely applied in indoor environmental and
ventilation studies due to its reliable prediction of airflow
and thermal characteristics in enclosed spaces. The
pressure—velocity coupling during the numerical solution
process was achieved using “the SIMPLE (Semi-Implicit
Method for Pressure Linked Equations) algorithm”. The
SIMPLE  algorithm s utilized in
“Computational Fluid Dynamics (CFD) simulations” for
indoor airflow analysis because of its numerical stability,
convergence efficiency, and suitability for incompressible
commonly built

extensively

flow conditions encountered in

environments.

For spatial discretization of the governing equations,
“the second-order upwind scheme was adopted for the
momentum, energy, turbulent kinetic energy (k), and
turbulent dissipation rate (€) equations”. The second-order
discretization method improves numerical accuracy by
reducing discretization errors and enhancing solution
stability for complex airflow and heat transfer simulations.
The standard wall function approach was used in the near-
wall regions to accurately model near-wall turbulent flow
behavior. The use of wall functions reduces computational
cost while minimizing
turbulence modeling near solid boundaries. This approach is
commonly used in indoor airflow simulations where wall-
bounded turbulent flows are dominant. The convergence
criteria for the numerical simulations were carefully defined
to ensure solution accuracy and reliability. Residual
convergence limits were set to 107 for the energy,
“continuity, momentum, turbulent kinetic energy (k), and

inaccuracies associated with

turbulent dissipation rate (&) equations”. These convergence

aui+ ou;\ dp
P\t * Yoy

Turbulent Kinetic Energy Equation (k)

This equation calculates turbulent kinetic energy
generated due to velocity fluctuations. It helps model
6(pk)+ d(pku) 0 (

Jat dax; dx;

n d aui+
B . 0x; K ox;

settings ensured stable numerical solutions and reliable
prediction of indoor thermal environmental conditions.

Governing equation

In “Computational Fluid Dynamics (CFD) analysis
using ANSYS Fluent”, the flow behavior, heat transfer, and
turbulence characteristics are governed by fundamental
conservation equations. In the present study, the Realizable
k—e¢ turbulence model is used along with the SIMPLE
algorithm for pressure—velocity coupling. These equations
are solved numerically using the finite volume method to
analyze airflow, temperature distribution, and thermal
comfort inside indoor spaces.

Continuity Equation

The continuity equation ensures that mass is conserved
throughout the computational domain. For indoor airflow
analysis, incompressible flow conditions are generally
assumed because air velocity is relatively low. The
continuity equation represents the conservation of mass in
fluid flow.

dp  9(pw) _

— 0
Jat axi

For incompressible steady flow:

du OJv

L ow
dx dy

E_O

Momentum Conservation Equation

This equation governs airflow motion due to pressure
gradients, viscous forces, and gravity effects. It is essential
for predicting
characteristics inside indoor environments. The momentum

airflow distribution and ventilation

equation is based on Newton’s second law and describes

fluid motion.
auj n
ax; pPYi

turbulent airflow behavior in indoor spaces. The turbulent
kinetic energy equation in the Realizable k—¢ model is:

e\ Ok

+_)_]+ Gk+Gb_p€

0x;

O i
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Energy Dissipation Rate Equation (g)

This equation determines the rate at which turbulent
kinetic energy dissipates into thermal energy due to viscous
d(pe) N d(pew;)) 0 (

at ax;  0x

Energy Conservation Equation

The energy equation predicts temperature distribution
and heat transfer inside indoor environments. It is essential
for thermal comfort analysis. The energy equation governs
heat transfer within the fluid domain.

d(pE) Od[w(E+p)] 0 aT
ot T am o \"eay) TS

Boundary condition

In this numerical study, suitable boundary conditions
were imposed in ANSYS Fluent in order to properly
simulate the indoor airflow and thermal environment of the
commercial zone. The velocity inlet boundary condition was
used to model the air supply vents, with inlet airflow
velocity ranging from 3.5 m/s to 6.5 m/s to investigate the
effect of airflow rate on the indoor thermal comfort and
ventilation performance. Inlet air temperature was defined to
be between 19 °C and 21 °C, depending on the operating
conditions considered in the present study. The pressure
outlet boundary conditions were set as reference pressure in

de
)—] + pC,Se —

effects. The dissipation rate equation for the Realizable k—¢
model is:

2

€

0x; pe2 k + ve

the atmosphere to remove the indoor air from the
computational domain, while the return air vents were set as
pressure outlet boundary conditions. The configuration
provided a steady flow circulation and kept the mass
conservation constant in the numerical simulation. The
walls, floor, and roof surfaces of the commercial zone were
modeled as stationary no-slip wall boundary conditions.
These solid surfaces were treated with fixed wall
temperature conditions to consider heat transfer interactions
between the indoor air and surrounding solid surfaces. This
non-slip condition allows the fluid velocity at the wall
surfaces to be zero, which is a good representation of the
near wall flow behavior. The thermal effect from passengers
seated in the cabin was simulated by placing the human body
with the seating arrangement in the model to represent a
constant heat flux source. The metabolic heat produced in an
active seated condition by the occupants was modeled using
a uniform heat flux boundary condition of 69.78 W/m?. The
boundary conditions were set up to simulate the airflow
distribution,
properties inside the building accurately.

thermal wvariation and thermal comfort

Table 2: Inlet condition in all cases

Cases Inlet at left side Inlet at back side Inlet right side
wall wall wall
Case 1 Temperature (°C) 21 21 21
Velocity (m/s) 3.5 3.5 35
Case 2 Temperature (°C) 21 21 21
Velocity (m/s) 4 4 4
Case 3 Temperature (°C) 20 20 20
Velocity (m/s) 4 4 4
Case 4 Temperature (°C) 20 20 20
Velocity (m/s) 5 5 5
Case 5 Temperature (°C) 19 19 20
Velocity (m/s) 6.5 6.5 6

Measurement zone and test points

In the present study, five different simulation cases were
considered in which the inlet air temperature and inlet air
velocity were varied according to the operating conditions
specified in the corresponding table. To examine the effects
of the ventilation parameters on intra-commercial zone air
flow distribution,

temperature changes, and thermal

comfort, these cases were developed. The number of
monitoring planes and measuring points in the
computational domain were set to evaluate the thermal
environment inside and the comfort conditions of the
occupants. Two monitoring points were selected within the
occupied zone. The first point was located at the center of
the seated passenger region on the left side of the
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commercial zone, while the second point was positioned at
the center of the seated passenger region on the right side.
Both measurement points were located at a height of 1.1 m
above the floor level, corresponding to the breathing zone of
seated occupants. Additionally, four measurement planes
were considered for temperature contour analysis. One

horizontal plane was positioned at 1.1 m above the floor
surface, while three vertical planes were located at distances
of 45 m, 7.5 m, and 9.5 m from the front wall of the
commercial These monitoring planes and
measurement locations are illustrated in the corresponding
figure.

zone.

Horizontal
Plane (1.1 m)

Vertical Plane
4.5m)

Figure 3: Measurement planes and points

Model validation

To wvalidate the numerical model and boundary
conditions adopted in the present study, “Computational
Fluid Dynamics (CFD) simulations” were performed using
“ANSYS Fluent software”, and the predicted thermal
parameters were compared with previously published
experimental and numerical results reported by Pengyu Yan
etal. (2026). The validation process was conducted to ensure
the reliability and accuracy of the developed computational
model for predicting indoor thermal comfort and airflow
behavior within the commercial zone. The computational
domain was developed with overall dimensions of 39.5 m x
19 m x 9 m to adequately capture airflow circulation and
minimize boundary interference effects. The commercial
island located inside the computational domain had
dimensions of 13 m x 9 m x 4.2 m. A total of fourteen air
supply vents were incorporated into the geometric model.
Among these, inlet vents 1-4 were positioned on the left-
side wall, inlet vents 5—10 were arranged on the back-side
wall, and inlet vents 11-14 were installed on the right-side
wall of the commercial island. Each inlet vent had
dimensions of 0.65 m x 0.15 m, while the outlet vent
dimensions were 1.6 m x 0.6 m.

The numerical simulations were performed by the
Realizable k—¢ model, which was known as their favorite

model because it was good at predicting the features of
turbulent airflow and ventilation in an indoor environment.
The SIMPLE algorithm was employed to achieve pressure—
velocity coupling, and the governing equations of
continuity, momentum, energy, turbulent kinetic energy (k)
and turbulent dissipation rate (g) were discretized by the
second-order upwind scheme for better numerical stability
and solution accuracy. All the governing equations were
resolved numerically with the convergence criteria of 10—6
to assure the accuracy and stability of the numerical solution.
The validation was carried out by comparing the air
temperature values obtained from the simulation at the
breathing zone level, which is 1.1 m away from the floor
surface near the left side of the commercial island where the
seated passengers are located. The inlet air velocities and
temperatures of the vents (1-4) and (5-10) were set based on
the measured sampling information that was collected at the
breathing zone locations. The comparison between the
simulated results and the reference study demonstrated
excellent agreement, with the relative error remaining below
1.8%. The low deviation confirmed that the developed
computational domain, turbulence model, and boundary
condition settings were reliable and suitable for predicting
indoor airflow distribution, temperature variation, and
thermal comfort conditions within the commercial zone.
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Air temperature (°C)
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20 205 21 215 22 225 23 235 24

Temperature contour of Pengyu Yan et al. (2026)

Validation

23
22.5
22
21.5

21

Temperature (°C)

20.5

20

(Pengyu Yan at. EI, Current simulation

2026)

Figure 5: Temperature validate of present simulation
from Pengyu Yan et al. (2026)

RESULT AND DISCUSSION

This section discusses the thermal comfort performance
within the commercial zone based on temperature contour
distribution and point-wise temperature analysis for all
simulated cases. The temperature contours were evaluated
on four different sectional planes to investigate the spatial
temperature distribution and airflow behavior throughout
the computational domain. Thermal comfort conditions
were assessed according to “the Chinese national standard
GB/T 50785 for indoor thermal environment evaluation”.
Initially, the modified computational model of the
commercial zone was validated under summer operating
conditions using the base design reported by Pengyu Yan et
al. (2026). The base design refers to the original ventilation
configuration and operating conditions adopted in the
reference study. The wvalidation process verified the
reliability and accuracy of the developed numerical model
for predicting the indoor airflow and thermal characteristics.
Following the validation stage, parametric investigations
were conducted by varying the inlet air temperature and inlet

Temperature contour of present simulation
Figure 4: Temperature contour validation

air velocity to analyze their influence on indoor thermal
comfort, temperature distribution, and ventilation
effectiveness within the commercial zone.

Comparison of modified design with base design

The original study conducted by Pengyu Yan et al.
(2026) primarily focused on the thermal environment of the
commercial zone under winter operating conditions. In the
present investigation, the geometry of the commercial island
modified to
performance during summer conditions. Initially, the base
design proposed by Pengyu Yan et al. (2026) was
numerically simulated under summer operating conditions
to establish a reference case. Subsequently, the modified
commercial zone configuration was analyzed and validated
through comparative thermal assessment. For the validation
study, the inlet air temperature and inlet air velocity were
maintained at 21 °C and 3.5 m/s, respectively, for both
computational models. Figure illustrates the comparison of

was evaluate indoor thermal comfort

temperature distributions obtained from the base design and
the modified design at selected monitoring points within the
occupied zone. At Point 1, the predicted temperature for the
base design was 28.28 °C, whereas the modified design
exhibited a reduced temperature of 27.25 °C. The relative
temperature reduction between the two configurations was
approximately 3.64%. At Point 2, the simulated temperature
values for the base design and modified design were 26.25
°C and 26.34 °C, respectively, corresponding to a minor
variation of 0.34%. The results indicate that the modified
commercial zone configuration achieved improved thermal
conditions at Point 1 by reducing the local indoor
temperature within the occupied region. Since the modified
design demonstrated comparatively better thermal comfort
performance under summer conditions, it was selected for
further parametric investigation involving variations in inlet
air temperature and airflow velocity.
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Comparison of Base Case and Case 1

Temperature (°C)

Point 1

27
26
25
24
23
2
21
20

B Base case (summer)

m Case 1

Point 2

Figure 6: Comparison of base case and case 1

Temperature contour

The temperature distribution analysis is presented for all
five simulated cases at the horizontal plane 1.1 m above the
floor level as well as at three vertical planes at 4.5 m, 7.5 m
and 9.5 m inside the computational domain. The horizontal
plane at 1.1 m is the breathing zone height of seated
passengers and this level is significant for thermal comfort
assessment of occupants. The thermal performance of each
case also evaluated by taking temperature
measurements at Point 1 and Point 2, which are near the left
and right sides of the seated passenger compartment,
respectively.

was

The simulation results indicate a continuous reduction in
both maximum and average temperatures from Case 1 to
Case 5 at all measurement planes. At the horizontal plane,
the maximum temperatures decreased from 37.368 °C in
Case 1 t0 32.00 °C in Case 5, while the average temperatures
reduced from 25.61 °C to 23.11 °C. This reduction occurred
due to the increase in inlet air velocity and decrease in inlet
air temperature, which enhanced convective heat transfer
and improved airflow circulation inside the commercial
zone. Higher inlet velocities promoted more effective
mixing between conditioned air and indoor warm air,
thereby reducing localized heat accumulation.

At the vertical plane located at 4.5 m, the maximum
temperatures gradually reduced from 33.04 °C in Case 1 to
32.00 °C in Case 5, while the average temperatures
decreased from 24.59 °C to 22.34 °C. Similar behavior was
observed at the 7.5 m vertical plane, where the maximum
temperature remained constant at 32.00 °C for all cases;
however, the average temperature progressively reduced
from 24.86 °C to 22.52 °C. The comparatively stable

maximum temperature at this plane indicates that the upper
airflow region experienced more uniform thermal conditions
due to effective air mixing and ventilation circulation.

The highest temperature variations were observed at the
vertical plane located at 9.5 m. The maximum temperature
reduced significantly from 48.69 °C in Case 1 to 35.63 °C in
Case 5, while the average temperature decreased from 24.78
°C to 22.46 °C. This substantial reduction demonstrates that
increasing inlet airflow velocity effectively minimized
thermal stratification and prevented excessive heat
accumulation near the upper region of the commercial zone.
In the lower airflow cases, warm air tended to rise and
remain trapped near the ceiling due to buoyancy effects,
resulting in higher upper-zone temperatures.

The temperature difference at Point 1 and Point 2 also
showed an improvement in the thermal comfort conditions
from Case 1 to Case 5. At Point 1, the temperature reduced
from 27.25 °C to 23.42 °C, while at Point 2, the temperature
decreased from 26.34 °C to 23.84 °C. The drop in local
temperatures is due to the better cooling capabilities and the
performance of the ventilation that occurs in high airflow.
Case 5 was the best thermal comfort performance because it
had the lowest inlet temperature and highest inlet air
velocity, which resulted in better penetration and less non-
uniformity of temperature in the occupied zone.

Overall, the results demonstrate that increasing inlet air
velocity and reducing supply air temperature significantly
improve indoor thermal conditions by enhancing airflow
distribution, reducing thermal stratification, and improving
convective heat removal within the commercial zone.
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Table 3: Result in all cases at points and planes Horizontal 25.61 25.36 | 24.63 | 24.28 | 23.11
plane (1.1 m)
Casel | Case | Case | Case | Case Vertical plane 24.59 2444 | 23.66 | 2342 | 22.34
2 3 4 5 (4.5 m)
Point 1 27.25 26.40 | 25.62 | 25.30 | 23.42 Vertical plane 24.86 24.76 | 23.89 | 23.61 | 22.52
- (7.5 m)
Point 2 2634 | 26.09 | 25,37 | 24.88 | 23.84 Vertical plane | 2478 | 24.62 | 23.85 | 23.56 | 22.46
(9.5 m)

(i i
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Case 1 Case 2

Case 3 Case 4

t

| |

Case 5
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Figure 7: Temperature contour at horizontal plane (1.1 m) in all cases
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Figure 8: Temperature contour at vertical plane (4.5 m) in all cases
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Figure 9: Temperature contour at vertical plane (7.5 m) in all cases
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CONCLUSION

The current research examined the thermal environment
and thermal comfort of a commercial zone under the
summer condition of operation through “a Computational
Fluid Dynamics (CFD) analysis of ANSYS Fluent”. Five
cases were modeled by changing inlet air temperature, and
inlet air velocity to assess their effect on airflow distribution,
temperature change, and passenger thermal comfort in the
occupied zone. The “Realizable k—¢ turbulence model and
SIMPLE pressure—velocity coupling algorithm” were
successfully implemented to predict the indoor airflow and
thermal characteristics. The outcomes of the simulation
indicated that maximum and average temperatures steadily
reduced as Case 1 to Case 5 in all the monitoring planes and
occupant breathing zones. According to the Chinese national
standard GB/T 50785, thermal comfort study revealed that
although Case 3, Case 4, and Case 5 inclined toward "Class
I thermal comfort conditions in the occupied zone", Cases 1
and 2 tended toward Class II thermal comfort conditions.

1. The reduction in temperature occurred due to
improved airflow circulation, enhanced

convective heat transfer, and reduced thermal
stratification caused by higher inlet airflow
velocity and lower supply air temperature.

2. Significant temperature reduction was observed
particularly at the upper vertical plane (9.5 m),
indicating that the optimized ventilation
conditions  effectively =~ minimized  heat
accumulation near the ceiling region.

3.  Among all simulated cases, Case 4 provided the
most favorable thermal environment, with
breathing zone temperatures of 25.30 °C and
24.88 °C at Point 1 and Point 2, respectively.
These values were very close to the recommended
Class I summer comfort range of 24 °C-26 °C
specified in GB/T 50785.

Overall, the study discovered that the commercial zone's
"thermal comfort and ventilation efficiency" are
significantly improved by increasing the input airflow
velocity and decreasing the supply air temperature. The
optimized layout effectively
distribution of air flow, localized heat, and thermal comfort

ventilation increased
of occupants during summer operating conditions. Thus, the
results of the paper can be used to design and optimize
energy efficient HVAC systems and sustainable indoor
environment management of commercial buildings and
terminal spaces at airports.
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