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fluctuations. In contrast, medium and minimum openings resulted in higher temperature
variability and less efficient air distribution. Statistical analysis highlighted significant
differences in temperature stability among the different damper settings. The maximum
opening ensured a stable temperature range, while the minimum opening caused
noticeable temperature stratification and discomfort, especially with more occupants.

Keywords: The findings indicate that fixed damper openings are inadequate for maintaining
Iris damper; thermal comfort; consistent thermal comfort due to their lack of adaptability. This underscores the need
temperature distribution; HVAC; VAV for advanced control systems that can dynamically adjust damper positions to ensure
system optimal indoor temperature regulation and improve energy efficiency.

1. Introduction

Central air conditioning systems play a significant role in regulating the indoor thermal
environment, providing cooling or heating as needed to maintain a comfortable temperature range,
typically between 23°C and 26°C, and controlling humidity levels within a comfortable range,
generally between 40-60%.

Centralized air conditioning systems often face several issues that significantly impact thermal
comfort. Inadequate temperature control can lead to inconsistent and uncomfortable temperatures
throughout the building, causing discomfort for occupants [1-4]. Poor air distribution may result in
stagnant or insufficient airflow in certain areas, leading to temperature stratification and further
discomfort [2]. Additionally, inaccurate thermostat settings, humidity imbalances, and inadequate
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ventilation can exacerbate these problems [5,6]. Energy inefficiency is another concern, affecting
thermal comfort and increasing operational costs [7-9]. The lack of individual control over the
temperature settings can leave some occupants dissatisfied. Maintenance issues and inherent
system design limitations can further hinder the performance and effectiveness of centralized air
conditioning systems, making it challenging to achieve optimal thermal comfort [10-12]. The
bibliographic analysis of current research trends in HVAC systems in Figure 1 reveals that energy
efficiency and thermal comfort receive the most attention, indicating that this topic is a prominent
research area and remains highly relevant for further exploration. This paper will focus on indoor
thermal comfort study areas in central air conditioning systems.

Fig. 1. Bibliographic analysis in the HVAC field

Generally, indoor thermal comfort refers to the condition in which building occupants feel
satisfied with the thermal environment inside. It is a subjective state of mind that varies from person
to person. The extent of temperature rise within indoor spaces resulting from human activity and
capacity can fluctuate depending on various factors. A recent study by Yao et al., [13] investigated
the relationship between thermal sensation and student performance in a classroom, resulting in
good academic performance when the classroom environment is cooler. Abbasi et al., [14] stated
that the human body’s response to heat is contingent on its capacity to dissipate heat, and research
indicates that an increase of 1°C can lead to a decrease in performance by 2%.

Thus, indoor thermal comfort is essential for individuals’ well-being, productivity, and overall
satisfaction, particularly in buildings with central air conditioning systems. Furthermore, maintaining
thermal comfort in workplace environments is critical as it directly impacts workers’ morale,
performance, concentration, and productivity [15]. Prolonged exposure to thermal discomfort can
lead to fatigue, reduced productivity, and increased worker complaints and absenteeism [16].

Mu et al., [17,18] proposed a feed-forward control method to predict the VAV damper opening
and fan frequency by demand flow rate to enhance thermal comfort. Similarly, Cao et al., [19]
proposed implementing PID control in a VAV system to manipulate the inlet airflow in a zone based
on the step response of the room temperature. Besides that, Rastegar-Moghadam et al., [20]
propose using the zonal method for thermal modelling in office rooms with VAV systems,
emphasizing its simplicity and accuracy for year-round thermal control. This method is a foundation
for developing effective control strategies but does not directly address energy efficiency or
personalized comfort. Shi et al., [21] introduce a model-based optimal control strategy for multi-zone
VAV systems, optimizing fan frequencies and damper openings to balance indoor temperature and
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room pressure, enhancing comfort and energy efficiency. This approach is more comprehensive than
the zonal method, addressing the complexities of concurrent temperature and pressure control.
Previously, Zhang et al., [22] focused on personalized thermal control using a model predictive
control (MPC) framework and low-cost local sensing, achieving significant energy savings and higher
occupant satisfaction by tailoring conditions to individual preferences. Compared to the other two,
Zhang et al., [22] approach is the most advanced in customization and energy efficiency.

A notable research gap exists in the literature, as prior studies predominantly concentrated on
manipulating dampers within VAV systems, a practice potentially disrupting overall system
performance. As a novel approach, this study proposes an analysis of diffuser dampers to address
thermal comfort issues without necessitating adjustments to the original settings of the VAV system.
An initial study was conducted by Busu et al., [23-25] to integrate the step-based thermal control
method with an iris damper pattern into the inlet air diffuser’s damper to maintain the indoor
temperature range between 23.5°C to 24.5°C, assuming that an indoor temperature of 24°C is ideal
for thermal comfort.

This paper aims to justify the development of an integrated iris damper and step-based thermal
control system. The study observes explicitly the effects of using a fixed opening damper on indoor
thermal performance. It demonstrates that relying on a fixed damper with manual adjustment fails
to maintain consistent indoor thermal comfort throughout the day. By examining real-time indoor
temperature distribution with an iris damper without a control system, the study reveals the
inadequacies of the fixed opening method. The results underscore the necessity of a step-based
control approach to enhance indoor thermal performance and ensure stable thermal comfort.

2. Methodology

An experimental study was conducted to observe the effect of a fixed opening damper on indoor
thermal performance in real time. The study aimed to establish cause-and-effect relationships,
explore hypotheses, validate theories, and provide evidence-based insights by manipulating
independent variables and measuring their effects on dependent variables. The experiment utilized
a lab-scaled chamber with dimensions of 5ft x 5ft x 4ft. The chamber featured a single inlet with a
square diffuser and an iris damper, as shown in Figure 2. To measure the indoor temperature, type-
K thermocouples were installed at five selected points (Figure 3), and a PicoLog TC-08 data logger
was used to read the temperature sensors (Figure 4). Channels 1 through 5 were connected to collect
real-time temperature data.

Experiments were conducted with three iris damper opening types: maximum, medium, and
minimum. The choice of aperture sizes allows for examining how varying airflow affects temperature
distribution and thermal comfort. These variations help to identify the limitations of a fixed damper
opening and highlight the potential benefits of a step-based thermal control system.
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Fig. 2. The lab-scaled chamber

Fig. 3. The installation of the square
diffuser and thermocouple type-K in the
chamber

TC-08
IJY36/138

Fig. 4. PicoLog TC-08 used to log real-time
temperature data from thermocouple

Each opening type was tested under four different occupancy conditions: no occupant, one
person, two persons, and three persons. The experimental conditions were carefully chosen to reflect
real-world situations as accurately as possible within a lab-scaled setup. The occupancy levels (no
occupant, one person, two persons, and three persons) were selected to simulate typical small room
scenarios where the number of occupants can vary throughout the day. These levels help to

20



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 121, Issue 2 (2024) 1-11

understand the impact of human presence and activity on indoor thermal performance. Detailed
experimental conditions are presented in Table 1.

Each condition was run for one hour, with an initial stabilization period of one hour to achieve a
steady indoor temperature. At every one-hour interval, a heat initiator generating 50 watts was
activated to simulate occupant presence, ranging from one person to three persons. The heat
generation was scaled to 1:2 from the 100 watts typically associated with a resting person,
approximated using a 100-watt LED bulb as a baseline for heat release. Although this approximation
does not fully capture the complexity of human thermodynamics, it provides a reasonable and
consistent measure for experimental purposes.

Table 1
Occupancy conditions in experimental study
Opening Type Aperture Diameter (mm) Occupancy Level
No Occupant 1 Person 2 Persons 3 Persons

Maximum 150 / / / /
Medium 115 / / / /
Minimum 80 / / / /

Real-time temperature distribution data for each condition were recorded and interpreted
through graphical representation using OriginPro software for data analysis. Several statistical
methods and data analysis techniques were employed to ensure a comprehensive evaluation.
Descriptive statistics, including mean, median, and standard deviation, were calculated to summarize
the central tendency and dispersion of the temperature data. Additionally, time series analysis
plotted temperature data to observe trends and fluctuations throughout the experimental period.

Therefore, incorporating different occupancy levels and heat generation values, the structured
approach ensures that the experimental conditions closely mirror real-world scenarios. This
comprehensive evaluation offers valuable insights into the performance of fixed-opening dampers.
It emphasizes the need for advanced control systems, proposed by Busu et al., [25] to maintain
consistent indoor thermal comfort. These methods highlighted the effects of fixed damper openings
on indoor temperature distribution, providing a thorough understanding of thermal performance
under various conditions.

3. Results on Indoor Temperature Distributions

This section presents the results of the experimental study based on the different iris damper
opening types. Generally, a larger opening area allows for greater airflow, resulting in more efficient
air distribution and better temperature mixing within the chamber. Conversely, reducing the iris
damper opening area restricts airflow, lowering air exchange rates and limiting temperature mixing.
This restriction can cause airflow to concentrate in specific areas, resulting in uneven temperature
distribution within the chamber. As the damper opening area decreases, temperature stratification
and the occurrence of hot or cold spots become more likely.

Figure 5 illustrates the temperature distribution with a maximum damper opening. Initially, the
temperature drops significantly from around 28°C to below the ideal temperature of 24°C within the
first 60 minutes with no occupants, stabilizing at a mean temperature of 21.28°C with a standard
deviation of 0.467°C. The fluctuations in temperature are relatively minor during this period. As the
number of occupants increases from one to three persons, the average temperature rises slightly but
remains close to the ideal temperature. Specifically, with one person, the mean temperature is
21.18°C (SD = 0.426°C); with two persons, it is 21.87°C (SD = 0.229°C); and with three persons, it is
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22.73°C (SD = 0.457°C). The maximum damper opening allows for optimal airflow and efficient
temperature mixing, which helps maintain thermal comfort despite the increasing heat load from
additional occupants.
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Fig. 5. Real-time temperature distribution during a maximum opening area of the iris
damper with different occupancy conditions
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Meanwhile, Figure 6 shows the temperature distribution with a medium damper opening. The
temperature initially drops from around 28°C to approximately 24°C within the first 60 minutes with
no occupants, showing some fluctuations with a mean temperature of 23.87°C and a standard
deviation of 0.171°C. As the occupancy level increases, the temperature begins to rise gradually. With
one person, the mean temperature is 24.47°C (SD = 0.273°C); with two persons, it is 25.25°C (SD =
0.251°C); and with three persons, it is 25.74°C (SD = 0.321°C). The fluctuations become more
pronounced than the maximum opening, indicating less efficient air distribution. When three
occupants are in the chamber, the temperature exceeds the ideal 24°C ideal temperature. This
suggests that the medium damper opening is less effective in maintaining thermal comfort under
higher occupancy levels.
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Fig. 6. Real-time temperature distribution during medium opening area of iris damper
with different occupancy conditions
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Lastly, Figure 7 depicts the temperature distribution with a minimum damper opening. Initially,
the temperature drops from nearly 30°C to around 25°C within the first 60 minutes with no
occupants. Still, the fluctuations are more pronounced than the other two settings, with a mean
temperature of 24.99°C and a standard deviation of 0.334°C. As the occupancy level increases, the
temperature steadily rises, reaching and exceeding 27°C with three occupants. With one person, the
mean temperature is 25.05°C (SD = 0.295°C); with two persons, it is 25.79°C (SD = 0.329°C); and with
three persons, it is 26.64°C (SD = 0.327°C). The minimum damper opening restricts airflow, leading
to inefficient temperature mixing and pronounced temperature stratification. This results in a less
comfortable thermal environment, especially under higher occupancy conditions. Table 2 presents
each condition’s descriptive statistical data, including the mean and standard deviation.
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Table 2

Statistical data analysis on indoor temperature distribution

Occupancy Opening Type Indoor Temperature

Condition Mean Standard Deviation

(°C) (°C)

No Occupant Maximum 21.28 0.467
Medium 23.87 0.171
Minimum 24.99 0.334

1 Person Maximum 21.18 0.426
Medium 24.47 0.273
Minimum 25.05 0.295

2 Persons Maximum 21.87 0.506
Medium 25.25 0.251
Minimum 25.79 0.329

3 Persons Maximum 22.73 0.457
Medium 25.74 0.220
Minimum 26.64 0.327

Across all three graphs, it is evident that the ability to maintain an ideal indoor temperature
diminishes as the damper opening size decreases. The maximum damper opening provides the best
temperature control, keeping the environment close to the ideal temperature even with increasing
occupancy. The medium damper opening shows moderate control but struggles to maintain thermal
comfort as the heat load increases. The minimum damper opening is the least effective, leading to
significant temperature rises and fluctuations, indicating poor air distribution and mixing.
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In conclusion, these observations highlight the critical role of damper opening size in maintaining
indoor thermal comfort. Larger damper openings facilitate better air distribution and temperature
control, while smaller openings result in inadequate airflow and increased temperature stratification,
significantly as occupancy levels rise. This underscores the necessity for a dynamic and responsive
damper control system to ensure consistent indoor thermal comfort across varying conditions. The
data support these findings, with mean temperatures and standard deviations reflecting the varying
effectiveness of each damper opening size under different occupancy conditions.

4. Box Plot Comparison of Indoor Temperature Variability Across Damper Settings
The box plot in Figure 8 compares indoor temperature performance under different damper

openings—maximum, medium, and minimum—providing valuable insights into how each setting
influences temperature distribution and stability within the chamber.
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Fig. 8. Box plot comparison of indoor temperature
distribution under different damper opening conditions

The box plot for the maximum damper opening demonstrates the most consistent temperature
distribution, with the median temperature and the interquartile range (IQR) indicating a tightly
clustered data set. The lower and upper quartiles are relatively close, suggesting that most
temperature readings are within a narrow range. Several outliers above 26°C indicate occasional
temperature spikes, but these are not frequent. The maximum damper opening achieves the lowest
median temperature and the least variability, reflecting effective air mixing and temperature control.

Meanwhile, the box plot for the medium damper opening shows a wider IQR than the maximum
opening, indicating more variability in the temperature distribution. The median temperature
exceeds the maximum opening, suggesting less efficient cooling. Additionally, there are more outliers
and a higher range of temperatures extending up to 28°C. This variability indicates less effective air
distribution and more pronounced temperature fluctuations within the chamber. The medium
damper opening provides moderate control but struggles to maintain a stable temperature,
especially under varying occupancy conditions.

The box plot for the minimum damper opening reveals the highest median temperature and the
widest IQR, indicating the most significant variability in temperature distribution. The range of
temperatures is also broader, with numerous outliers extending above 27°C. This setting results in
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the least effective air mixing and the most pronounced temperature stratification, leading to
considerable fluctuations and hot spots within the chamber. The minimum damper opening restricts
airflow significantly, causing inefficient temperature control and more significant thermal discomfort.

Comparing the three box plots, it is evident that the maximum damper opening provides the best
performance in maintaining a stable and comfortable indoor temperature. The lower median
temperature and reduced variability highlight its effectiveness in promoting efficient air distribution
and temperature mixing. The medium damper opening, while somewhat effective, shows increased
variability and higher temperatures, indicating moderate performance. The minimum damper
opening performs the worst, with the highest median temperature, the most significant variability,
and the most outliers, reflecting poor air distribution and inadequate temperature control.

In conclusion, the box plot analysis underscores the importance of damper opening size in
maintaining indoor thermal comfort. Larger damper openings facilitate better air distribution and
more consistent temperature control, while smaller openings lead to increased temperature
variability and reduced thermal comfort. This analysis further supports the need for dynamic and
responsive damper control systems to ensure optimal indoor temperature regulation across varying
conditions.

5. Conclusions

The experimental analysis and statistical evaluation highlight the significant impact of damper
opening sizes on indoor temperature distribution and thermal comfort. The results demonstrate that
the maximum damper opening provides the best temperature control with the lowest variability. In
contrast, the medium and minimum damper openings show increased temperature fluctuations and
higher mean temperatures, leading to less effective thermal regulation.

Overall, the study clearly demonstrates that fixed damper openings are inadequate for sustaining
thermal comfort across different occupancy levels. The inability to dynamically adjust to changing
thermal loads results in significant temperature variability and discomfort. These findings emphasize
the critical need for exploring and implementing advanced control systems. Such systems would
enable real-time adjustments of damper positions, ensuring consistent and optimal indoor
temperature regulation. By integrating responsive control mechanisms, it is possible to achieve
enhanced thermal comfort and energy efficiency, addressing the limitations observed with fixed
damper openings.

Therefore, future research and development should focus on designing and deploying intelligent
damper control systems that can adapt to varying conditions, ensuring a stable and comfortable
indoor environment for occupants. This approach will improve thermal comfort and contribute to
more efficient energy usage in HVAC systems.
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