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ABSTRACT

Residential buildings are the largest contributors to electricity
consumption, with air conditioning (AC) systems being one of the
primary consumers of electricity. Energy-saving strategies involving
physical modifications to buildings are often difficult to implement in
existing structures because they require high costs and large-scale
structural changes. Therefore, optimizing air conditioning performance
by regulating indoor airflow distribution offers a more practical
alternative for improving energy efficiency. This study aims to analyze
the effect of airflow distribution patterns, resulting from variations in
indoor-unit installation height, on cooling performance and energy
consumption in inverter and non-inverter split AC systems through
laboratory experiments in a controlled test chamber. Three air
distribution configurations were tested: Perfect Mixing Above
(PM_Above), Perfect Mixing Middle (PM_Middle), and Displacement
(D_Bottom), each combined with two occupant layouts: facing the air
conditioner directly and positioned along the wall edge. The observed
parameters included the rate of temperature drop, the time required to
reach a comfortable temperature, indoor temperature distribution, and
electricity consumption. The results showed that air conditioning
performance is influenced by the interaction between compressor
technology and airflow distribution patterns, rather than solely by
cooling capacity. The PM_ Middle configuration achieves the best
balance between cooling effectiveness and energy efficiency for both
inverter and non-inverter air conditioners, and inverter air conditioners
with this configuration proved the most suitable choice for long-term
use in residential buildings.
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s INTRODUCTION

the previous year, as a proportion of total

Fossil fuels still dominate Indonesia’s
national energy supply, accounting for around
81% of the total energy supply (Kementerian
ESDM, 2025; Setyawati & Setiawan, 2024;
Yudiartono et al., 2023). This high dependence
on these energy sources has not been matched
by a commensurate increase in supply capacity,
potentially increasing the risk of a future
energy crisis. This situation makes improving
energy efficiency an increasingly important
strategy.

The residential sector is the largest
contributor to national electricity consumption
and has the highest energy consumption rate of
all sectors (Ali et al.,, 2024; Cahyani et al.,
2022). Data from PT PLN (Persero) show that
electricity consumption in the residential sector
reached 67.14 TWh in the first half of 2025, an
increase of 5.13 percent from the same period

national electricity sales (PLN, 2025). This
indicates that improving energy efficiency in
the residential sector could significantly reduce
national electricity consumption.

Air conditioning (AC) systems are one of
the main  contributors to  electricity
consumption in the residential sector. Previous
studies have reported that electricity
consumption in homes fitted with air
conditioning is around 36% higher than in
homes without air conditioning (De Cian et al.,
2025; Liddle et al., 2020). These findings
suggest that improving the operational
efficiency of air conditioners could contribute
to energy-saving efforts in the residential
sector. This urgency is strengthened by data on
air conditioner sales in Indonesia, which shows
the dominance of non-inverter split-type units,
particularly those with a capacity of 0.5 HP and
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a three-star energy efficiency rating.

There are generally three approaches to
improving the energy efficiency of air
conditioning systems: optimizing the passive
design of the building envelope, implementing
more efficient air conditioning technology, and
adjusting airflow distribution within the room.
The first option is difficult to implement in
existing buildings, as it wusually requires
structural modifications and involves high costs
(Citadini de Oliveira et al., 2024; Welch et al.,
2023). The second strategy involves switching
to energy-efficient technologies, such as
inverter technology. Inverter technology in air
conditioners can reduce energy consumption by
35-44 percent compared with non-inverter air
conditioners (Almogbel et al., 2020). The third
strategy, optimizing airflow distribution, is also
relatively easier to implement in existing
buildings as it does not require alterations to
the building’s structure itself, however, its
impact on cooling performance and energy
efficiency is not yet fully wunderstood,
particularly in residential settings (Kar &
Abedin, 2025; Wang et al.,, 2023). Previous
studies have documented the importance of
airflow distribution in determining cooling
system performance, showing that airflow
patterns directly affect occupants’ thermal
comfort and the overall performance of the air-
conditioning system (Wang et al., 2023).

Nevertheless, air-conditioning installation
in residential buildings in Indonesia generally
still adopts a ‘perfect mixing’ configuration,
with units mounted at the top of the wall. This

configuration can result in inconsistent
temperature  distribution within the space
(Barau et al, 2024). In practice, air-

conditioning unit positioning is often based on
installation convenience and available wall
space, while the impact of installation height,
airflow direction, and airflow distribution
patterns on system performance is rarely
considered (Jin et al., 2022; Kwag et al., 2023).
Consequently, the potential to improve energy
efficiency by optimizing airflow distribution
has not yet been fully utilized.

Inverter technology, on the other hand,
has become an effective approach to improving
energy efficiency in air-conditioning systems.
Inverter air conditioners with operating modes
adapted to the climate can even decrease
energy consumption by up to 45% (Almogbel
et al., 2020). Although this technology offers
considerable  energy-saving potential, its
adoption rate in Indonesia remains relatively
low. Research estimates that only around 5
percent of the 3.97 million domestic air-
conditioning wunits currently use inverter
technology (De Cian et al., 2025). This

indicates that most households still rely on non-
inverter air conditioners; therefore, improving
energy efficiency requires not only developing
more energy-efficient technologies but also
optimizing the performance of units already in
widespread use.

In this context, this study aims to
compare the performance of inverter-type and
non-inverter-type air conditioners in achieving
the target room temperature and to evaluate
how airflow distribution patterns affect cooling
effectiveness and energy consumption. Unlike
previous studies, which generally focused on
either  technological efficiency or air
distribution separately, this study examines the
interaction between these two factors in wall-
mounted split-type air-conditioning systems
commonly used in residential buildings in
Indonesia. Therefore, this study aims to
recommend air-conditioning installation
configurations that improve both cooling
effectiveness and energy efficiency. Based on
this background, this study aims to answer
three research questions, as follows: (1) How
do installation height and airflow distribution
patterns affect the cooling rate and the time
required to reach the target temperature in the
occupied zone, for both inverter and non-
inverter air conditioners? (2) How does the
interaction between compressor technology
(inverter and non-inverter) and airflow
distribution patterns affect energy consumption
across various test configurations? (3) What
combination of installation height and fan
speed is capable of providing the most optimal
balance between cooling effectiveness, energy
efficiency, and occupants’ thermal comfort?

] METHOD

This study employed a quantitative
method using laboratory experiments to
evaluate the effect of airflow distribution on
cooling performance and energy consumption
in wall-mounted split-type air-conditioning
systems. All experiments were conducted in a
climate-controlled  laboratory  to  keep
environmental conditions under control.
Controlled laboratory testing can minimize the
influence of external factors that could cause
variations in results and lead to data
inconsistencies (Aziz, 2017). This study
examined two main variables: air-conditioning
technology (inverter and non-inverter) and
airflow distribution patterns. The latter were
created by varying the indoor unit installation
height and fan speed. These two variables
produced 24 test scenarios, each evaluated
independently to identify the configuration that
best balanced cooling effectiveness and energy
efficiency.
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To improve clarity, this section divides
the research methodology into four subsections
that describe the main stages and components
of the research. These subsections include (1)
the experimental design and test facilities,
which describe the air-cooled test chamber; (2)
the specifications of the equipment and
instruments used; (3) the research variables and
test configurations, covering the independent,
dependent, and controlled variables; and (4) the
test procedures and data collection.

The Experimental Design
Air cooling test chamber

The testing was carried out in a test
chamber measuring 13.8 m? and 3 m high, as
shown in Figure 1. These dimensions were
chosen because they match the size of rooms
typically found in residential homes and align
with previous research (Pisello et al., 2021;
Sekhar et al., 2021). This previous research
used test chambers measuring approximately 9-
15 m? to evaluate the performance of air
conditioning systems. The chamber walls were
constructed with materials having a U-value of
3,26 W/m2K, and the ambient temperature in
the surrounding space was maintained at 31-
30°C to control for heat penetration rates and
ensure experimental replicability. Therefore,
the room layout is assumed to accurately reflect
how air-conditioning units operate in homes.
This test facility comprises three areas: the
experimental room, the preparation room, and
the climate chamber. Participants undergo
thermal acclimatization in these rooms before
testing.

Therefore, the room layout is assumed to
accurately reflect how air-conditioning units
operate in homes. This test facility comprises
three areas: the experimental room, the
preparation room, and the climate chamber.
Participants undergo thermal acclimatization in
these rooms before testing.

In this study, two wall-mounted split-type
air conditioning units were used: one inverter
and one non-inverter unit, each with a rated
capacity of 8,500 BTU or more. The inverter
unit had a nominal Energy Efficiency Ratio
(EER) of approximately 12.50 Btu/Wh, a
Cooling Seasonal Performance Factor (CSPF)
of 6.35 W/W, and a maximum airflow of 332
CFM (564 CMH). The non-inverter unit
featured a nominal EER of approximately
11.92 Btu/Wh, a CSPF of 3.59 W/W, and a
maximum airflow of 360 CFM (612 CMH).
Both units used R-32 refrigerant, and selecting
units with similar cooling capacity minimized
this factor, allowing for a more accurate
evaluation of the primary variables.
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Figure 1. Measurement room plans

Specifications of The Equipment and
Instruments Used

This study used four types of instruments
to measure environmental parameters and
energy consumption during testing, as shown in
Figure 2. These instruments were selected
according to the parameters being measured, as
follows: (1) Thermohygrometers (5 units):
placed at specified measurement points to
measure air temperature and humidity at
various vertical heights within the test chamber.
(2) HOBO U12 Data Loggers (3 units): placed
on the air conditioning unit and on the
respondent’s desk; these devices automatically
recorded temperature changes every two
minutes, enabling continuous documentation of
temperature profiles throughout the testing. (3)
Clamp ampere meter (1 unit): used to manually
measure electrical current by clamping onto the
power supply cable of the air conditioning unit
during each testing session. (4) Continuous
wattmeter (1 set): used to record electricity
consumption in real time throughout the test
period, thereby enabling the continuous
collection of energy usage data.

Figure 2. The instruments used in data collection

Variables and Testing Configurations

In this study, variables were categorized
as independent, dependent, and controlled. The
independent variables included air-conditioning
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technology, indoor-unit installation height, fan
speed, and workspace layout. The air-
conditioning technologies tested comprised two
types: inverter and  non-inverter  air
conditioners. The indoor units were tested at
three installation heights representing different
airflow distribution patterns: Perfect Mixing
Above (PM_A), Perfect Mixing Middle
(PM_M), and Displacement (D_Bottom). In the
PM_Above configuration, the indoor unit was
installed 2.6 m above the floor, representing the
standard installation height for split air-
conditioning units in residential buildings. In
the PM_Middle configuration, the unit was
installed at 2.1 m above the floor to examine
the effect of a lower installation height on
airflow characteristics and cooling
performance. In the Displacement
configuration, the unit was installed 0.3 m
above the floor to represent a bottom-up
airflow distribution pattern. Each installation-
height variation was then combined with two
fan speed levels: F2 (1.5 m/s) and F4 (1.7 m/s).
These fan-speed variations were used to
evaluate the effect of airflow velocity on
cooling performance. In this study, two
workspace layout configurations were applied
to examine the effect of workspace position on
airflow distribution and thermal conditions
within the room. In Configuration MD, the
workspace faced the air-conditioning unit,
while in Configuration SD, the workspace was
positioned at the side of the room.

The dependent variables in this study
were used to evaluate the cooling performance,

produced by each experimental configuration.
These variables included the rate of
temperature decrease, the time required to
reach the target temperature, the spatial
distribution of temperature within the occupied
zone, and electricity consumption. The rate of
temperature decrease characterized the room’s
cooling response. In contrast, the time required
to reach the target temperature was used to
assess each configuration's effectiveness in
achieving the target thermal conditions. The
spatial distribution of temperature was used to
identify variations in thermal conditions within
the occupied zone. In contrast, the electricity
consumption was used to evaluate the energy
performance of each cooling configuration.

To ensure that differences across
scenarios were primarily due to changes in the
independent variables, several conditions were
held constant. First, the initial room
temperature was set at 29°C before each test,
while the target temperature was set at 25°C for
all scenarios. Second, the air conditioning units
used had the same nominal cooling capacity:
8,500 BTU. Furthermore, the test chamber
dimensions and physical characteristics, as well
as the test procedures, were kept consistent
across all scenarios.

The combination of two types of air-
cooling  technology, three  indoor-unit
installation heights, two fan speed levels, and
two workspace layout configurations resulted
in 24 test scenarios (2 x 3 x 2 x 2). Each
scenario was tested independently four times,
with one participant per test session. These

energy efficiency, and thermal conditions repetitions were carried out to enhance the
Table 1. Matrix of the 24 test scenarios
Installation .
No AC Technology Height Fan Speed  Workspace Layout Experiment Code
1 Non-Inverter EM_ABOYEICH ) sy A MSSBSRIE:  o0p pyre. 1

m)

conditioning unit)

PM_Above (2.6

2 Non-Inverter
m)

F2 (1.5 m/s)

SD (side of the room) NI_PMA_F2 SD

PM_ Above (2.6

MD (facing the air-

3 Non-Inverter F4 (1.7 m/s) b o , NI_PMA_F4 MD
m) conditioning unit)

4 Non-Inverter E‘II\)/LAbove 25 F4 (1.7m/s) SD (side of the room) NI_PMA_F4_SD

5 Non-Inverter EM MIddls  pp sy D0 SHEMEIENIES  o0p pupy o oy
(2.1m) conditioning unit) = =

6  Non-Inverter FlefIl:ld)‘ddle F2(1.5m/s) SD (side of the room) NI PMM F2_SD

7 Non-Inverter PM Middle ) 7 ysy MD (acing theair- o o)y g vip
(2.1 m) conditioning unit)

8 Non-Inverter ?sznl\l’l)‘ddlc F4(1.7m/s) SD (side of the room) NI_PMM_F4_SD
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Displacement

MD (facing the air-

9 Non-Inverter (0.3 m) F2 (1.5 m/s) condifionignni) NI D BOTTOM_F2 MD
1 Non-Inverter F2 (1.5 m/s D (side of the room) NI D BOTTOM F D
0 g‘;":ﬁ;’emem 2(1.5mfs) SD (side of th ) NI D BOTTOM F2 S
11 Non-Inverter Displacement (| 7 gy MD (facing theaie- oy 1y gorroM Fa MD

(0.3 m) conditioning unit) - = - =
12 Non-Inverter '(?)'Zp:]‘i;emem F4 (1.7 m/s)  SD (side of the room) NI D BOTTOM F4 SD
13 Inverter BM. SeoveiR 0 o (hsimey DD SEERGHSSIS g oy w i
m) conditioning unit)
14 Inverter :;/LAbove @® £2(1.5mfs)  SD (side of the room) 1 PMA_F2_SD
15 Inverter EM. 20ovCiC8 vd lgmley D0 UREERSRE 4 ook 2l wp
m) conditioning unit)
16  Tnverter ';f;"fAbo"e @€ £4(1.7mfs)  SD (side of the room) 1 PMA_F4_SD
17 TInverter PM_Middle b, (1 sy MD(cingtheair o ) o MD
(2.1m) conditioning unit) - - =
18  Inverter le\/{—nhglddle F2 (1.5m/s) SD (side of the room) I PMM F2 SD
19 Tnverter EM Mddle gy qrymiey o0 SEHSHSAE 4 on B4 MD
(2.1 m) conditioning unit) = ==
20 TInverter F%fnl\f)'dd'e F4 (1.7 m/s)  SD (side of the room) T PMM_F4_SD
21 Tnverter Displacement  p) | 5y MD (facing the air- () porroy o vp
(0.3 m) conditioning unit) - - - =
22 Inverter Z‘;"i:emem F2(1.5m/s) SD (side of the room) I D BOTTOM F2 SD
23 Inverter Diplicstient gy (rpaygy A0 (SEDEMSAE: g ¢y porgoreRg M
(0.3 m) conditioning unit)
24 Tnverter 5)“3"2;6"16“ F4(1.7m/s) SD (side of the room) 1_D_BOTTOM_F4_SD
reliability —and  reproducibility = of the the preparation phase, the door between the test

experimental results. To present the 24 test
scenarios more clearly, the combinations are
shown in Table 1.

Testing Procedure

All experimental scenarios used the same
testing procedure to ensure consistent testing
conditions across configurations. Each testing
scenario involved one respondent and one
researcher, who recorded data manually and
supervised the experiment. The respondents in
the study were students aged between 22 and
25; the thermal insulation of their clothing was
estimated to be in the range of 0.58-0.63 clo,
which is typical for thin indoor clothing, and
their metabolic rates were consistent with
sedentary activity (approximately 1.1 met),
involving sitting and performing light computer
work. The experiment was conducted in two
stages: preparation and data collection. During

chamber and the outside area was left open for
approximately 60 minutes. During this period,
the test chamber temperature was monitored
while being allowed to rise gradually until it
reached the initial temperature of 29°C.
Fluctuations in the test chamber temperature
during the preparation stage are presented in
Figure 3. Data collection began after the test
chamber temperature reached 29°C and
remained stable for at least 5 minutes. The 5-
minute stabilization period was set because this
study aims to observe the transient cooling
characteristics and energy consumption of the
air conditioning unit during the first 60 minutes
of operation, rather than determining how long
it takes for the air conditioner to stabilize its
energy consumption and cool the room. An
initial temperature of 29°C was applied to all
test scenarios to ensure each experiment started
from the same thermal conditions, allowing
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Figure 3. Temperature fluctuations in the test
chamber

consistent ~comparison  across  scenarios.
Controlling the initial thermal conditions is
crucial because environmental conditions prior
to testing can influence the system’s thermal
response and experimental results (Gnecco et
al., 2025; Van Craenendonck et al., 2018; Zhai
et al., 2019). However, these studies did not
specify a standard duration for the preparation
phase, as the time required to reach the initial
conditions depends on each study's objectives
and design.

The next stage was data collection,
conducted over 60 minutes for each test
scenario. During this period, air temperature
and electricity consumption were recorded
every two minutes, either automatically using a
data logger or manually by the researchers. At
the same time, participants completed a thermal
comfort perception questionnaire every two
minutes, as shown in Figure 3. These subjective
assessments complemented the environmental
measurements, as thermal comfort is a
subjective response that cannot be fully
determined from environmental parameters
such as air temperature alone.

This study used the Bedford Scale,
modified into five response categories: cold,
cool, comfortable, warm, and hot. This
modification simplified the response options
and aligned them with the study’s objective: to
identify respondents’ thermal conditions more
directly and to separate comfort from
conditions perceived as too cold or too hot.
Previous studies have used a modified
approach to the Bedford Scale (Cosma &
Simha, 2018), including combining several
categories from the original scale into simpler
categories aligned with the study’s comfort
evaluation objectives.

During the test, respondents were not
provided with information regarding the actual
temperature inside the test chamber to
minimize the possibility that knowledge of
environmental conditions might influence their
subjective  assessments. Consequently, the

responses provided were expected to represent
their direct thermal perceptions. This subjective
data was then used to supplement and validate
the interpretation of thermal comfort levels
based on objective measurement results.

Figure 4. The procedure of data collection

Research Limitations

This study has several limitations: data
collection was carried out in a controlled test
environment, meaning that the results do not
account for other variables such as the
simultaneous use of electrical appliances and
changes in outdoor air infiltration. Because this
study involved university students, its findings
are expected to be most relevant to living
spaces such as bedrooms or student
accommodation.

Furthermore, this study evaluated only
wall-mounted  split-type air  conditioners;
therefore, the results cannot be directly
generalized to other cooling systems without
separate testing. The comparison between
inverter and non-inverter air conditioners also
used only one unit of each type with the same
cooling capacity (8,500 BTU); differences in
product characteristics may still contribute to
the observed performance differences.

A factorial analysis of variance (ANOVA)
was conducted to evaluate the effects of
compressor technology, indoor-unit installation
height, fan speed, and workstation layout on
energy consumption and the time required to
reach a comfortable temperature. However, this
statistical analysis has several limitations. The
assumptions of normality of residuals and
homogeneity of variances were not fully met,
as indicated by the Shapiro-Wilk and Levene’s
tests  (https://www.semanticscholar.org/paper/
An-Analysis-of-Variance-Test-for-Normality-
Samples)-Shapiro-Wilk/e4a742a4f0585b4e406
9726166284d4285a0827). The ANOVA results
were interpreted in conjunction with the
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descriptive findings and supported by non-
parametric robustness tests.

For the analysis of the time taken to reach
comfort, the ‘Displacement’ configuration was
not included in the factorial ANOVA because
none of the observations reached a comfortable
temperature within the 60-minute observation
period. The statistical analysis of the time taken
to reach the target temperature was restricted to
the ‘PM_Above’ and ‘PM_Middle’
configurations. These limitations should be

considered when interpreting  statistical
differences between the installation-height
configurations.

s RESULT AND DISCUSSION
Setting a Comfortable Temperature

To evaluate how quickly non-inverter and
inverter air conditioners cool in all
configurations, this study first established a
comfort temperature as a baseline. This
comfort temperature was determined based on
respondents’ perceptions of comfort and then
validated using applicable room-temperature
comfort standards and a review of relevant
literature.

The measurement results showed that
respondents felt comfortable at an ambient
room temperature of 24.43°C and an
occupancy point temperature of 25.77°C. These
values were then compared with several
currently applicable thermal comfort standards.
SNI  03-6572-2001 specifies an effective
temperature range of 20.5-27.1°C, with the
“cool and comfortable” category at 20.2-
22.8°C, “optimal” at 22.8-25.8°C, and “warm
but not too hot” at 25.8-47.2°C (Badan
Standarisasi Nasional, 2001). Meanwhile,
ASHRAE 55 recommends a range of 23-26°C
for light activities while wearing insulating
clothing (ASHRAE, 2004), and Ministry of
Health Regulation No. 48 of 2016 on
Occupational Safety and Health Standards for
Offices sets the office room temperature range
at 23-26°C to meet health and comfort
requirements (Kementerian Kesehatan, 2016).

In addition to being validated by
standards, these findings are also supported by
several literature reviews on comfortable
temperature conditions. A study on comfortable
workplace temperatures in Japan found that
70% of respondents felt comfortable at a room
temperature of 25°C (Maharjan & Rijal, 2026).
Another study in Brazil reported that 80% of
classroom users felt comfortable within a
temperature range of 23-24°C (Buonocore et
al., 2020). Furthermore, differences in thermal
comfort perception of less than 5% are
common, as these perceptions are influenced
by  subjective individual characteristics

(Khorram et al., 2020). In contrast, in this
study, the difference was less than 2%.
Therefore, based on the respondents’
questionnaire results and a comparison with the
thermal comfort standards mentioned above,
this study selected 25°C as the reference for a
comfortable temperature, both for the ambient
room temperature and the temperature at the
occupancy point.

Statistical Analysis of Cooling Performance
and Energy Consumption

Before comparing the experimental
configurations, a factorial analysis of variance
(ANOVA) was conducted to examine the
effects of compressor technology, indoor
installation height, fan speed, workstation
layout, and the interactions between these
variables on cooling performance and energy
consumption. All 32 observations in the
Displacement configuration failed to achieve a
comfortable room temperature of 25°C within
the 60-minute observation period. These
observations were not assigned a time-to-
comfort value and were excluded from the
factorial analysis of this response variable.

For energy consumption, the full factorial
analysis included all 96 observations. The
results showed that compressor technology and
indoor-unit installation height had a statistically
significant effect on energy consumption (p <
0.001), with large effect sizes (partial n? =
0.999 and 0.995, respectively). These findings
indicate that compressor type and installation
height are the dominant factors influencing
electricity consumption under these
experimental conditions. The effects of fan
speed and workspace layout were statistically
significant in the factorial ANOVA; however,
the Kruskal-Wallis test did not support these
effects, so they should be interpreted with
caution. A significant interaction between
compressor technology and installation altitude
was also identified (p < 0.001), indicating that
the effect of installation altitude on energy
consumption depends on the compressor type.
This finding supports the interpretation that a
cooling system's performance cannot be
evaluated based on compressor technology or
airflow distribution in isolation, but must also
account for their interaction.

For the time required to reach the target
temperature, the factorial ANOVA was
restricted to the PM_Above and PM_ Middle
configurations (n = 64). The analysis revealed
statistically significant differences between the
tested factors and their interactions (p < 0.001).
However, these results were interpreted
alongside the descriptive data, as temperature
measurements were recorded at 2-minute
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intervals, resulting in limited variation within
treatments for most configurations.

The Effect of Installation Height on Cooling
Performance and Energy Consumption

The effect of installation height on cooling
performance in non-inverter air conditioners

This sub-section will discuss the effect of
the installation height of indoor air-
conditioning units on the time required to reach
a comfortable temperature. All the results of
the experiments in this sub-section are shown
in Figure 5 for non-inverter air-conditioners
and Figure 6 for inverter air-conditioners.

For all NI PMA configuration variants,
the chamber temperature decreased consistently
from the start of the test. The initial
temperature ranged from 29.0-29.4°C, then
decreased between the 10th and 15th minutes.
At the 10-minute mark, the temperature ranged
from 25.0-25.2°C. It then dropped to 24.0-
24.4°C by the 20-minute mark. After
approximately 30 minutes, the temperature
approached a more stable state, ranging from
23.5 to 23.7 °C. At the end of the test, at the
60th minute, the temperature ranged from 22.8
to 23.2 °C. Among the NI PMA configuration
variants, NI PMA F4 MD and
NI PMA F2 MD  reached lower final
temperatures compared to the other variants.

The temperature in the NI PMM
configuration also decreased to 25°C at the
10th minute. The temperature then ranged from
23.1 to 23.5°C between the 20th and 24th
minutes. By the 26th minute, temperature
fluctuations became more noticeable,
particularly in the F4 SD and F4 MD variants.
F4 SD rose to the range of 24.6-24.7°C
between the 28th and 30th minutes before

30,00
29,00
28,00
27,00

26,00

24,00
23,00
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declining again. F4 MD also fluctuated, rising
to about 24.8°C at the 38th minute, with
fluctuations continuing until the end of the test.
F2 SD remained relatively stable after the 30th
minute, staying within the range of 22.8-
23.2°C. F2 MD showed fluctuations in the
second half of the test, with the temperature
reaching a range of 24.8-24.9°C at minutes 48-
50. In the NI D Bottom configuration, the
temperature dropped only to 28.0-28.2 °C
during the first 10 minutes. Subsequently, the
temperature remained between 27.5 and 28.1
°C from the 14th to the 20th minute. After the
20th minute, the temperature fluctuated
between 27-28 °C. Among the configuration
variants, NI D Bottom F4 SD shows the
lowest temperature, occasionally reaching
26.5-26.8 °C. NI_D Bottom F2 MD exhibits
the highest temperature, ranging from
approximately 27.8-28.2 °C for most of the test
period. At the 60th minute, the temperature
remained within the range of 26.5-27.9°C.

All three configurations showed different
temperature-decline patterns from the start of
the test. NI PMA showed the most consistent
decline. Its temperature dropped from 29.0—
29.4 °C at the start of the test to the range of
22.8-23.2 °C at the 60th minute, with no
significant fluctuations after the 30th minute.
NI PMM also decreased in the early phase,
reaching 23.1-23.5°C between the 20th and
24th minutes, after which the temperature rose
again to 24.6-24.9°C. The NI D Bottom
configuration exhibited a different pattern from
the other two configurations. Its temperature
fluctuated between 27 and 28 °C from the start
until the 20th minute. The final temperature for
NI_D Bottom remained within the range of
26.5-27.9 °C.
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Figure 5. Time series temperature scatter plot graph of non-inverter air conditioners
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The effect of installation height on cooling
performance in inverter air conditioners

The temperature decrease in the | PMA
configuration occurred from minute 0 to minute
16. By minute 16, the room temperature had
dropped to 24.9°C. The I PMa F2 SD variant
configuration decreased from approximately
29.1°C to approximately 25.3°C by minute 16.
The temperature then fluctuated between 24.4—
25.3°C. Meanwhile, I PMa F4 SD showed a
gradual temperature decrease from 29.0°C to
approximately 25.4°C by minute 16. The
temperature then stabilized between 24.7 and
25.2°C. A different pattern was observed in
I PMa F2 MD, which recorded a minimum
temperature of 24.3°C at the 26th minute. After
30 minutes, all configurations showed
relatively small temperature fluctuations.
During the 30-60-minute period, the room
temperature generally ranged from 24.4 to
249°C. The 1 PMa F2 MD configuration
recorded a final temperature of approximately
24.3°C.

In the 1 PMm configuration, the
temperature decreased from the 2nd to the 12th
minute, dropping from 29°C to 24.7-25.3°C. In
the I PMm_F2 SD configuration variant, the
temperature decreased from 29.3°C to 24.9°C
at the 14th minute. The temperature then
fluctuated between 25.0-25.7°C. Meanwhile,
I PMm_F4 SD dropped to 24.9°C at minute
12. The temperature then fluctuated between
24.9-25.8°C. In the I PMm_F2 MD variant
configuration, the temperature decreased
relatively consistently in the early phase,
reaching approximately 24.7°C between the
12th and 14th minutes. After that, the
temperature fluctuated, reaching a low of
24.4°C at the 54th minute. In the
I PMm_F4 MD configuration, the temperature
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dropped to 24.8°C at the 18th minute. The
temperature then fluctuated between 24.8—
25.7°C. From the 12th to the 18th minute, all
configurations exhibited a fluctuating pattern of
temperature decline, indicating that conditions
were beginning to stabilize. During the 20—60-
minute period, all configurations generally
remained within the 24.4-25.8 °C range.

The temperature drop in the I D Bottom
configuration differed from that of the other
two configurations. The I D Bottom F2 SD
configuration experienced a temperature drop
in the initial phase, from about 29.5°C to about
27.2°C at the 12th minute. A different pattern
was observed in I D Bottom F4 SD, which
dropped to 26.8°C at the 12th minute. The
temperature then rose and fluctuated between
26.6-27.3°C. Meanwhile,
I D Bottom F2 MD dropped from
approximately 29.6°C to approximately 28.1°C
at the 12th minute. This temperature then
stabilized between 27.7-28.1°C.
I D Bottom F4 MD decreased from
approximately 29.7°C to approximately 27.8°C
at the 14th minute. This temperature tended to
stabilize within the 27.5-27.8 °C range. From
the 12th minute to the 16th minute, the
temperature in all I D Bottom configurations
entered a fluctuating phase; by the end of the
observation (the 60th minute), the temperature
ranged from 27.2-27.5°C in all configurations.

The 1 PMa configuration showed the
fastest temperature drop, reaching 24.9°C at the
16th minute and stabilizing in the range of
24.4-24.9°C until the 60th minute. The I PMm
configuration showed a temperature drop over a
nearly identical time span, from the 12th to the
18th minute, but with a slightly higher final
temperature, ranging from 25.2 to 25.5°C. In
contrast, I D Bottom showed a slower
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Figure 6. Time series temperature scatter plot graph of inverter air conditioners
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temperature decrease in the initial phase, with
temperatures between the 12th and 14th
minutes still ranging from 26.8 to 28.1°C. The
final temperature in the I D Bottom
configuration was also the highest compared to
I PMa and I PMm, ranging from 27.2 to
27.5°C.

A comparison of the three configurations
shows that the rate of temperature decline is
directly proportional to the installation height
at the PMa and PMm levels. In contrast, the
I D Bottom configuration consistently
produces higher room temperatures throughout
the observation phase. The fluctuation patterns
following the initial cooling phase also differ
among these configurations. I PMm exhibited
a wider range of fluctuations than I PMa,
whereas 1 D Bottom exhibited the narrowest
final range of fluctuations among the three.
These differences indicate that, in addition to
influencing  the initial cooling rate,
configuration position also contributes to
temperature stability in subsequent phases.

Comparison of the effect of installation height
on cooling performance in non-inverter and
inverter air conditioners

The NI PMa configuration showed a
continuous decrease in temperature until the
end of the test, from 29.0-29.4 °C at the start of
the test to 22.8-23.2 °C at the 60th minute. The
I PMa configuration also decreased in the early
phase from 29.0-29.1 °C, but its temperature
stabilized more quickly in the range of 24.4—
249 °C from the 16th to the 60th minute.
Meanwhile, the NI PMm configuration
dropped to the range of 23.1-23.5 °C between
the 20th and 24th minutes, before some of its
variants fluctuated upward to the range of
24.6-24.9 °C in the second half of the test. The
I PMm configuration showed a different
pattern, with its temperature dropping to 24.7—
25.3°C between the 12th and 18th minutes,
then fluctuating within 24.4-25.8°C until the
60th minute. The NI D Bottom configuration
only decreased to the range of 28.0-28.2°C
during the first 10 minutes, then fluctuated
within the range of 27-28°C after the 20th
minute, and remained within the range of 26.5—
27.9°C at the 60th minute. The I D Bottom
configuration showed a similar pattern, with
the temperature decreasing to 26.8-28.1°C
between the 12th and 14th minutes, then
stabilizing at 27.2-27.5°C at the 60th minute.

This comparison shows that the
temperature difference between NI and I is
most pronounced in the PMa and PMm
configurations, with NI reaching a final
temperature approximately 1.6-2.6°C lower
than I in both configurations. In the PMa

configuration, NI PMa exhibited significant
fluctuations after the 30th minute, whereas
I PMa had reached a steady state as early as
the 16th minute, indicating that [ PMa
stabilized more quickly. In the PMm
configuration, both configurations exhibited
fluctuations in the second half of the test;
however, the fluctuation range of I PMm
(24.4- 25, 8°C) was higher than that of NI PMm
(23.1-24.9°C). Unlike PMa and PMm, the
D_Bottom configuration showed a smaller final
temperature difference between NI and I, with
both configurations exhibiting a fluctuation
pattern without a decline after the initial
cooling phase.

The Effect of Installation Height on Energy
Consumption

This sub-section will discuss the effect of
the installation height of indoor air-
conditioning units on energy consumption. All
the results of the experiments in this sub-
section are shown in Figure 7 for non-inverter
air-conditioners and Figure 8 for inverter air-
conditioners.

The effect of installation height on energy
consumption in non-inverter air conditioners

In the NI PMa configuration, power
consumption increased from the start of the
measurement period, reaching 880-920 watts
by the 4th minute. This increase occurred in all
configuration variants, though at varying rates.
Power consumption in the NI PMa F2 SD
configuration rose gradually from
approximately 760 watts at the 2nd minute to
920-930 watts in the subsequent phase. Power
consumption then stabilized in the 910-930
watt range, with minor fluctuations. In the
NI PMa F4 SD configuration variant, the
initial power consumption of 880 watts
increased to 930-950 watts in just 2 minutes.
Power consumption then fluctuated within a
consistent range of 930-960 watts. The
NI PMa F2 MD configuration exhibited a
different pattern. Power briefly rose to 920-930
watts in the initial phase, then gradually
decreased through the end of the observation
period.

NI PMa F4 MD recorded the highest
spike among the four configuration variants. Its
power consumption reached approximately 950
watts at the 2-minute mark. This power
consumption then stabilized at 970-980 watts.
After the 20-minute mark, fluctuations in
NI_PMa’s power consumption decreased across
all configuration variants, compared to the
spikes observed in the initial phase. Power
consumption remained between 880 and 980
watts during the 30—60-minute period. All four

Research in Education, Technology, and Multiculture | 338



Istiadji & Ola, Effects of Indoor Unit Height and Airflow Distribution on Cooling ...

configuration variants exhibited a similar
pattern throughout the test period: a rapid
increase in the initial phase, followed by a
stable condition with minor fluctuations.
Among the four configurations,
NI PMa F4 MD recorded the highest power
consumption and the smallest fluctuation range,
at approximately 970-980 watts. In contrast,
NI PMa F2 MD  exhibited the  widest
fluctuation range, with power continuing to
decrease until it reached a low of
approximately 880—890 watts at the end of the
observation.

Energy consumption in the NI PMm
configuration also increased from the start of
the measurement, then stabilized around the 4th
minute, as shown in Figure 12. At the 4th
minute, all configuration variants were in the
810-890 watts range. NI PMm F4 MD
recorded the highest value during the initial
phase, at 890.11 watts. In the NI PMm_F2 SD
configuration, power increased from about 850
watts at the 2-minute mark to the 925-930-watt
range in the following period. It then stabilized
in the 890-930-watt range until the 56th
minute. At the 58th minute, power consumption
dropped to  21.80 watts. In  the
NI PMm_F4 SD configuration, there was a
gradual increase from approximately 850 watts
to 890-900 watts by the 22nd minute. Power
then decreased between the 24th and 26th
minutes before rising again to approximately
950 watts by the 28th minute. The
NI PMm_F2 MD configuration exhibited a
different pattern. Power increased gradually
from about 760 watts at the 2-minute mark and
reached about 890 watts at the 12-minute mark.
It then stabilized in the 880-900-watt range
before decreasing at the 42—44-minute and 50-
minute marks.

In NI PMm_F4 MD, the power at the 2-
minute mark was 860 watts and increased to
925-930 watts between the 12th and 16th
minutes. This power then remained relatively
stable, dropping at minutes 32-34 and 44-50.
Between minutes 12 and 40, most
configuration variants showed stable power in
the range of 880-930 watts, accompanied by
some fluctuations. The power drops in these
configurations were temporary. During the
period from the 40th to the 60th minute,
fluctuations occurred in all configurations.

NI PMm_F4 MD recorded high energy
consumption, around 920-930 watts.
NI PMm_F2 MD remained within the 870-
890-watt range until the end of the

measurement. All four configurations exhibited
a similar pattern: an increase in the initial
phase, followed by a relatively stable condition
interspersed with several temporary drops.

Among the four configurations,
NI_PMm_F4 MD recorded the highest and
most  stable energy  consumption, at
approximately 920-930 watts. In contrast,
NI PMm_F2 MD recorded the lowest value at
the end of the observation, at approximately
870-890 watts.

Energy consumption in the NI_D_Bottom
configuration remained high throughout the
observation period compared to the two
previous configurations. Power consumption
ranged from 800 to 950 watts, with greater
fluctuations. NI D Bottom F4 MD
consistently recorded the highest peak values
among the other NI D Bottom configurations
in nearly every measurement. Power reached
approximately 940-950 watts during several
measurement periods, particularly at the 8th,
24th, 42nd, and 58th minutes. From the 2nd to
the 60th minute, a recurring pattern observed
across all configuration variants was a rise in
power to the 800—950-watt range, lasting 2 to 4
minutes. After the increase, power dropped to
20-30 watts, followed by another rise in the
subsequent period.

NI D Bottom F2 SD and
NI D Bottom F2 MD show an up-and-down
pattern with peak values that are close together,
in the range of  830-930  watts.
NI D BOTTOM F4 SD  recorded lower
peaks, around 780 watts at the 52-minute mark
and 825 watts during the 44-46-minute period.
Toward the end of the observation period,
particularly during the 56-60-minute period,
high peaks were observed in the range of 850-
940 watts. This fluctuation pattern continued
until the end of the observation period.

All three configurations (NI_PMA,
NI PMM, NI D Bottom) exhibited different
energy consumption patterns after the initial
ramp-up phase. NI PMA remained within the
range of 880-980 watts with minor fluctuations
throughout the observation period. NI PMM
remained within the range of 870-930 watts
under steady-state conditions, but was
interspersed with several temporary drops of up
to 21.80 watts. NI D Bottom had the highest
range among the three configurations, namely
800-950 watts, but with a consistently recurring
pattern of ups and downs throughout periods 2
through 60. Power consumption rose to its peak
range for 2—4 minutes before dropping to 20-30
watts.

This comparison shows that energy
consumption  varies among the three
configurations, although their peak ranges are
relatively close. NI PMa exhibits the most
stable pattern without any sharp drops, while
NI_PMm shows a steady pattern interspersed
with sharp drops in some configuration
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Figure 7. Energy consumption of non-inverter air conditioners

variants. NI D Bottom exhibits a recurring
pattern of ups and downs. Across the entire
observation period, the F4 MD variant
consistently recorded the highest peak values
(NI_PMa_F4 MD at  970-980 watts,
NI PMm_F4 MD at 920-930 watts, and
NI D Bottom F4 MD at 940-950 watts),
indicating that the F4 MD variant contributes
to the highest energy consumption regardless of
its primary configuration type.

The effect of installation height on energy
consumption in inverter air conditioners

Energy consumption in the I PMA
configuration increased from the 4th to the 16th
minute, then all configurations decreased and
stabilized in the subsequent phase. From the
4th minute to the 12th minute, all configuration
variants remained within the range of 480-680
watts. In the I PMA F2 SD configuration
variant, power consumption increased from 530
watts at minute 4 to 570 watts at minute 8.
Power then decreased, reaching 350-360 watts
between minutes 16 and 26, before stabilizing
through the end of the observation period.
I PMA F4 SD recorded the most significant
increase in the early phase, from about 680
watts at the 6th minute, then peaking at 760
watts at the 16th minute. Power then gradually
decreased to about 380 watts between the 28th
and 30th minutes, before stabilizing in the 370-
390-watt range.

In the I PMA F2 MD configuration,
power consumption initially was 490 watts at
the 4-minute mark, then dropped to about 450
watts at the 6-minute mark. Power
consumption increased to about 715 watts at
the 16-minute mark. Subsequently, power
consumption gradually decreased to about 340
watts between the 32nd and 34th minutes. In
the 1 PMA F4 MD configuration, power
consumption was about 530 watts at the 4th

minute and rose to 580 watts at the 12th
minute. Subsequently, power consumption
gradually decreased to the 380—400-watt range
between the 20th and 30th minutes, before
stabilizing with slight fluctuations until the end
of the observation period. After the 30th
minute, most configurations showed stable
power in the 340-400-watt range, although
minor  fluctuations remained in each
configuration. From the 32nd to the 36th
minute, | PMA F2 MD showed lower power,
ranging from 335 to 360 watts, before
increasing again and stabilizing in the 350-370-
watt range until the end of the observation.

From the 48th minute to the 60th minute,
fluctuations reappeared in all 1 PMA
configuration variants. In 1 PMA F2 SD,
power consumption increased to 400 watts
between the 50th and 58th minutes, while
I PMA F4 MD reached approximately 410
watts at the 60th minute. At the end of the
observation, all I PMA configuration variants
showed similar values, ranging from 360 to 410
watts. Hence, the differences between
configurations were smaller than in the early
phase of the observation, with [ PMA F4 MD
and I PMA F2 SD recording slightly higher
values than the other configurations.

Power consumption in the 1 PMm
configuration also remained steady from the
2nd to the 4th minute, before fluctuating and
gradually decreasing toward a more stable
state, as shown in Figure 15. In the fourth
period, all I PMM configurations (F2 SD,
F4 SD, F2 MD, F4 MD) reached their first
peak in the range of 460—485 watts. Power then
decreased in the sixth minute, particularly for
I PMm_F4 SD, which dropped to about 310
watts. In the 8th minute, all configurations rose
again, forming a second peak of 370420 watts
before gradually declining through the 12th
period. After the 12th period, the power for all
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configurations decreased. I PMm_F2 SD and
I PMm_F2_MD dropped to about 16 watts in
the 14 minutes, while I PMm F4 SD and
I PMm F4 MD remained in the 260-watt
range.

Toward the end of the observation period,
between the 56th and 60th minutes, power
consumption across the four [ PMM
configuration variants returned to a nearly
identical range, namely around 250-310 watts.
This condition showed a more stable pattern
than the early phase of the observation.
Overall, this configuration exhibited three main
phases. The first phase consisted of an increase
and fluctuations during periods 2 through 12.
The second phase involved a gradual decrease
in power accompanied by repeated ups and
downs during the 12th to 20th minutes. The
third phase was relatively stable, with repeated
fluctuations within the 250-300-watt range
from the 20th to the 60th minute.

Power consumption across all
I D Bottom configurations also increased from
the start of the observation, specifically from
the 2nd period to the 4th perlod as shown in
Figure 16. The four I D Bottom configuration
variants rose from approximately 17-22 watts
to 555-600 watts. In the I D Bottom F4 MD
configuration variant, power consumption rose
again at the 8-minute mark, forming a second
peak of approximately 575 watts. The other
three 1 D Bottom configuration variants
decreased gradually between the 8th and 10th
minutes.

In the I D Bottom F4 MD configuration
variant, power consumption dropped to 103
watts at the 10-minute mark. The
I D Bottom F2 SD, I D Bottom F4 SD, and
I D Bottom F2 MD configurations Temained
within the 380-530-watt range during the same
period. From the 14th period until the end of
the observation at the 60th period, the four
I D Bottom configuration variants exhibited a

repeating pattern of rises and falls. The power
rose to the 350-460-watt range, then dropped
below 100 watts; however, this drop occurred
alternately among the configuration variants,
not simultaneously across all four. Among the
four  configurations, I D Bottom F4 SD
recorded the highest peak values in many
periods, including around 460 watts in periods
28 and 38. I D Bottom F2 MD showed the
most frequent drops throughout periods 14
through 60, with values repeatedly falling
below 100 watts.

Toward the end of the observation period,
specifically between the 52nd and 60th
minutes, all four configuration variants
exhibited peak values that were close to one
another, ranging from 350 to 455 watts.
Overall, these configurations exhibited two
main phases. The first phase consisted of an
increase and fluctuations during the Oth to 14th
minute. The second phase was a repeating
pattern with peak values in the range of 350-
460 watts, interspersed with alternating
decreases among the configurations, lasting
from the 14th to the 60th minute.

The three configurations (I PMA,
I PMM, I D Bottom) showed varying energy
consumption during the initial and final phases
of the observation. I PMA recorded the highest
initial peak wvalue of 760 watts for the
I PMA F4 SD configuration variant, then
stabilized in the 360-410-watt range. I PMM
reached an initial peak in the 460-485-watt
range, then stabilized at a lower range of 250-
310 watts, and subsequently dropped gradually
below 100 watts. I D Bottom recorded the
highest initial peak among the three
configurations, at 555-600 watts, and stabilized
in the 350—455-watt range by the end of the
observation, which was also accompanied by
periodic drops to below 100 watts for each
configuration variant. This comparison shows
that I D Bottom maintains the highest final
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Figure 8. Energy consumption of inverter air conditioners
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power range among the three configurations.
I PMA does not exhibit the up-and-down
cycles seenin I PMm and I D Bottom.

Comparison of the Effect of Installation Height
on Energy Consumption in Non-Inverter and
Inverter Air Conditioners

Configurations of NI and I with the same
variants show significantly different energy
consumption levels. NI PMa stabilizes in the
high range, namely 880-980 watts, while
I PMA stabilizes in a much lower range,
namely 360-410 watts, after a gradual decline
from an initial peak of 760 watts. NI PMm
stabilized in the 870-930-watt range with
temporary sharp drops at several points, while
I PMm stabilized in a lower range, namely
250-300 watts, accompanied by a recurring
pattern of periodic drops below 100 watts
throughout the observation period.
NI D Bottom exhibited a recurring up-and-
down pattern within a peak range of 800-950
watts, whereas I D Bottom showed a similar
recurring up-and-down pattern, but within a
lower peak range of 350-460 watts.

This comparison shows that
Configuration I consistently operates at a lower
energy consumption level than Configuration
NI in the same variant, with the peak range
difference reaching more than half that of NI.
The recurring up-and-down pattern with drops
approaching zero is also more pronounced in
Configuration I, particularly in I PMm and
I D Bottom, compared to NI PMm, which
only experiences a temporary sharp drop The
closest similarity in patterns between the two
configuration groups was observed in the
D Bottom variant, where both NI D Bottom
and I D Bottom exhibited a recurring up-and-
down pattern throughout the observation
period, albeit at different power levels.

The Interaction Between Compressor
Technology and Airflow Distribution

The interaction between compressor technology
and airflow distribution in non-inverter air
conditioners

This sub-section discusses the interaction
between compressor technology and airflow
distribution in non-inverter air conditioners. All
experimental results in this sub-section are
shown in Figure 9.

In the NI configuration, power
consumption in the NI PMa F2 SD variant
rose rapidly to the 900-930-watt range within
the first 10 minutes, then remained at that high
level until the 58th minute, before dropping at
the 60th minute. In this configuration variant,
the temperature decreased smoothly and
consistently from approximately 29.2°C to

approximately 23.0°C, with no significant
spikes throughout the test. A similar pattern
was observed in NI PMa F4 SD, F2 MD, and
F4 MD, with power rising rapidly to the 900—
980-watt range and remaining at that high level
for 60 minutes without any shutdown cycles.
The temperature in these three NI PMA
configurations  decreased steadily  from
approximately 29°C to approximately 23°C,
indicating that the compressor operated
continuously without interruption until the end
of the observation.

The NI _PMm configuration shows
variations in on/off cycles across its variants.
The NI PMm_F2 SD maintains power within
the 900-930-watt range until the 56th minute,
before dropping at the 58th minute. The
temperature in  this  variant  decreases
consistently from 29°C to approximately
22.8°C, with a slight increase at the end of the
test when the power is turned off.
NI PMm_F4 SD exhibits a repeating on/off
cycle pattern, with power rising to about 900
watts, stabilizing for several minutes, then
dropping at the 24th, 40th-42nd, and 54th-56th
minutes. Each time the power was cut off, the
temperature in this variant rose back to the
24.7-24.8°C range before dropping again when
the compressor turned on. Meanwhile,
NI_PMm_F2 MD maintained a high power
level until the 40th minute, then dropped in
power consumption between ‘the 42nd and 48th
minutes before rising again. The temperature in
this variant drops to around 22.7°C before the
40th minute, then rises again to around 24.9°C.
NI PMm F4 MD experiences two drops in
power consumption: between the 32nd and 34th
minutes and between the 46th and 50th
minutes. The temperature in this variant rose
again to about 24.8°C during each power-
consumption drop.

All  variants in the NI D Bottom
configuration exhibited a pattern different from
the other configurations, namely, very frequent
on-off cycles throughout the 60-minute test.
The power in these four configuration variants
rose to 800-950 watts, then dropped repeatedly
at short intervals of about 8-10 minutes per
cycle, more frequently than in the NI PMm
configuration. The temperature in all
NI D Bottom variants fluctuated within a
narrow range of 26.5-29.5°C and never
dropped as low as in the NI PMa or NI PMm
configurations. Each time the compressor was
turned on, the temperature dropped slightly,
then rose again when the compressor was
turned off, forming a consistent sawtooth
pattern from the beginning to the end of the
test. NI D F4 MD recorded the highest initial
temperature, approximately 29.6°C, but still
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Heatmap of Temperature over Time (Non-Inverter AC)

Heatmap of Energy Consumption over Time (Non-Inverter AC)
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Figure 9. Heatmap of temperature and energy consumption in non-inverter air conditioners

followed a cyclic pattern similar to the other
variants, with the final temperature ranging
from 27.3-27.5°C.

All three NI configurations exhibit
different  relationships  between  power
consumption patterns and temperature changes.
NI PMa exhibits consistently high power
consumption without any on-off cycles, which
aligns with the most consistent temperature
decrease without any significant rebound.
NI PMm shows variation among its variants,
with some variants maintaining high power
consumption until the final minutes and others
exhibiting on-off cycles accompanied by a
temperature rebound of 24.7-24.9°C. NI D
recorded the highest on/off cycle frequency
among the three configurations, with the
shortest cycle intervals (8—10 minutes) and the
narrowest yet highest temperature fluctuation
range (26.5-29.5°C) compared to NI PMa and
NI_PMm.

The interaction between compressor technology
and airflow distribution in inverter air
conditioners

This sub-section discusses the interaction
between compressor technology and airflow
distribution in inverter air conditioners. All
experimental results in this sub-section are
shown in Figure 10.

Power consumption at I PMa fluctuated
during the initial phase from minute 0 to
minute 15, briefly reaching the 500-770 watt
range. After that phase, power decreased and
stabilized at a low level in the 355-400-watt
range until the end of the test, without any
sudden drops. The temperature decreased
smoothly and continuously from approximately
29°C to 24.5-25°C, without any significant
rebound, in line with the uninterrupted power
pattern. The F4 SD and F2 MD variants,
which recorded the highest peak power in the

700-770-watt range, reached a slightly lower
final temperature around 24.5°C compared to
the F2_SD and F4 MD variants, which were in
the 24.7-25°C range. This pattern indicates that
the airflow in the I PMa configuration is
distributed continuously and evenly throughout
the room, rather than being concentrated at the
sensor location. This condition prevents the
temperature from rising again even after power
decreases to a low steady-state level, because
the cool-air distribution is sufficiently even.

In contrast to the pattern observed in
I PMa, the four variants in I PMm exhibited
frequent, repetitive on/off cycles throughout the
test, with lower peak power ranging from 250
to 480 watts. The temperature fluctuated within
a narrow range of 24.8-29°C, following the
pattern of these power fluctuations, dropping
rapidly in the initial phase and then continuing
to fluctuate without ever settling permanently
at a low level. The F2 MD and F4 MD
variants exhibited slightly higher peak power
(300-325 watts) than the F2 SD and F4 SD
variants (250-270 watts) during subsequent
cycles. Nevertheless, the oscillation patterns
remained similar across all variants.

The 1 D Bottom configuration again
exhibits a different pattern. All four variants,
F2 SD, F4 SD, F2 MD, and F4 MD, show
very frequent on/off cycles throughout the 60-
minute test, with power rising to a peak in the
400-600-watt range and then dropping
repeatedly in short intervals of about 810
minutes per cycle. Temperatures across all
variants dropped rapidly during the initial
phase (minutes 0 through 10), then immediately
entered a phase of minor fluctuations within a
narrow range of 26.5-29.5°C, following the
repetitive rise-and-fall pattern of power. The
F4 SD and F4 MD variants, with higher
airflow, showed slightly higher power peaks in
the initial phase, indicating that the compressor
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was working harder to move a larger volume of
air. Nevertheless, the subsequent cycle pattern
remained similar to that of the F2 variant; see
the figure. The very frequent on/off cycling in
this configuration indicates that the cold
airflow rapidly cools the sensor area locally,
causing the compressor to reduce power before
the air has a chance to distribute evenly
throughout the room. As a result, the overall
room temperature never stabilizes at a
consistently low level.

The three configurations in Type I exhibit
different  relationships  between  power
consumption  patterns and  temperature
distribution. I PMa shows a transition from
high power to a steady-state low power level
without a temperature rebound, indicating
uniform air distribution. I PMm exhibits a
consistent on/off cycle at a medium peak power
level (250-480 watts), accompanied by
temperature fluctuations that never settle at a
low level. I D Bottom exhibits the highest on/
off cycle frequency with the shortest intervals
(8—10 minutes) among the three configurations,
as well as the narrowest range of temperature
fluctuations, though at the highest level (26.5—
29.5°C) compared to I PMa and I PMm.

Comparison Between Compressor Technology
and Airflow Distribution in Non-Inverter and
Inverter Air Conditioners

The NI PMa configuration maintained
high power consumption (900-980 watts)
without any shutdown cycles throughout the
60-minute test, with a consistent drop in
temperature and no rebound. The 1 PMa
configuration exhibited a different pattern, with
power fluctuating in the initial phase (500—770
watts) before dropping and stabilizing at a low
level (355—400 watts) until the end of the test;
however, the temperature continued to decrease
smoothly without a rebound, as seen in the

Heatmap of Temperature over

Time (Inverter AC)
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NI PMa configuration. In the PMm
configuration, NI PMm exhibited variations
among  variants, with some  variants
maintaining high power (900-930 watts) until
the final minutes and others showing on/off
cycles at the same power level, accompanied
by a temperature rebound to 24.7-24.9°C. The
I PMm configuration also exhibited on/off
cycling across all variants, but at a much lower
power level, specifically in the 250-480-watt
range. Meanwhlle both the NI D Bottom and
I D Bottom conﬁguratlons exhibited very
frequent on/off cycling patterns with short
intervals of about 8-10 minutes per cycle
throughout the test, with NI D Bottom
recording peak power in the 800-950-watt
range and I_D in the 400—600-watt range.

This comparison shows that in the PMa
configuration, the AC type has a significant
impact on power consumption patterns but not
on temperature drop patterns: NI _PMa requires
a continuously high power input to achieve a
consistent temperature drop, whereas I PMa
achieves an equivalent temperature drop pattern
with only a low steady-state power input after
the initial phase, indicating better cold air
distribution efficiency in I PMa despite its
significantly lower power consumption. In the
PMm configuration, both AC types exhibit on/
off cycles, but at significantly different power
levels (900-930 watts for NI PMm versus
250480 watts for I PMm), while temperature
rebound patterns still occur in both types,
indicating that the on/off cycles in PMm occur
regardless of the amount of power used. Unlike
PMa and PMm, the D Bottom configuration
shows similar on/off cycle patterns between NI
and I in frequency and interval, with the main

difference in peak power magnitude:
NI D Bottom records significantly higher
power than 1 D Bottom to achieve a

comparable temperature fluctuation pattern.

Heatmap of Energy Consumption over Time (Inverter AC)
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Figure 10 Heatmap of temperature and energy consumptlon in non-inverter air conditioners
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This pattern indicates that the difference in
efficiency between NI and 1 is most
pronounced in the PMa configuration. In
contrast, in the PMm and D Bottom
configurations, the on/off cycle characteristics
are more influenced by the installation position
than by the type of compressor used.

Comparison of the Effect of Installation
Height on Temperature at the Occupancy
Point

This research indicates that a sudden drop
in room temperature does not always result in
an ideally comfortable environment in the
occupied zone. In  the PM_ Above
configuration, for example, although the
average room temperature has reached the
target temperature, the temperature in the
occupants' activity areas remains relatively
high. This indicates that high cooling capacity
does mnot automatically result in thermal
comfort if cool air is distributed ineffectively
within the room.

It is hypothesized that this situation is
linked to the airflow pattern created by
installing the indoor unit at a height of 2.6
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meters, as air discharged from the unit moves
along the ceiling surface before gradually
descending as its momentum decreases. As a
result, cold air predominantly circulates in the
upper layer of the room and takes longer to
reach the occupied zone. This results in greater
thermal stratification, meaning that while the
average room temperature may reach the target
value, areas where occupants are active still do
not receive adequate cooling. These findings
suggest that an air-conditioning system's
performance should not be evaluated solely on
average room temperature, but also on
temperature distribution in occupied zones,
which is the primary indicator of thermal
comfort. A limitation of this study is that it did
not collect vertical air-velocity profile data,
which would be required to empirically
confirm this airflow mechanism. Future
research should include such measurements to
validate this hypothesis.

Conversely, lowering ~ the  unit's
installation height to the PM_Middle setting
results in more effective air distribution
towards the occupants' activity zone. In this
configuration, the air takes a shorter path to
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Figure 11. Time series temperature fluctuations of a workdesk with a non-inverter air conditioner
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Figure 12. Time series temperature fluctuations of a workdesk with an inverter air conditioner
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reach the occupied zone. As a result, air mixes
more quickly, and the temperature distribution
becomes more uniform (see Figures 11 and 12).
The difference in the time taken to reach the
target temperature between the two compressor
technologies also becomes smaller. This
indicates that optimizing air distribution can
reduce the influence of compressor operating
characteristics on cooling performance. In other
words, the effectiveness of air distribution
plays a role just as important as compressor
technology in determining the performance of
an air-conditioning system (Heidarinejad et al.,
2015).

Optimal Configuration for Residential Use

The research findings indicate that the
correlation between cooling rate, energy
efficiency, and thermal conditions in occupied
areas is complex and non-linear. A change in
one factor does not necessarily change the
others; therefore, no single configuration can
achieve optimal performance across all
parameters tested. These results indicate that, to
evaluate the performance of an air-conditioning
system, you must consider multiple factors,
including thermal comfort, energy
consumption, and thermal conditions within the
occupied zone.

The key difference between inverter and
non-inverter air conditioners lies in how
compressor technology interacts with the
indoor unit's installation configuration. Most
non-inverter air conditioners cool faster
because their compressors run continuously
until the set temperature is reached, unlike
inverter air  conditioners. Inverter  air
conditioners, by contrast, provide a more
gradual cooling response through the
commutation process (Almogbel et al., 2020),
which continuously adjusts the compressor’s
capacity. These technological features are
highly functional and deliver excellent
performance across various metrics.

These findings can be applied when
selecting an efficient air conditioning system
for the home. Using the PM Middle
configuration with a non-inverter AC is more
practical for achieving comfort in rooms that
are used only occasionally or for short periods.
A cooling time of about 10 minutes is the most
suitable result. The PM_Middle configuration
with an inverter AC is better suited for long-
term use in rooms (living rooms, home offices)
or bedrooms, as it offers thermal comfort and
requires less energy.

By utilizing compressor control, inverter
air conditioners maintain the unit’s temperature
by operating at low power for extended
periods. This is achieved by avoiding frequent

on-off cycles, which helps maintain the
system’s temperature stability while reducing
fluctuations in electrical load and cumulative
energy consumption. Previous studies have
shown that inverter technology can yield
significant energy savings over time (Sukri &
Jamali, 2018). Inverters have a significant
advantage in maintaining their thermal
behavior even after the cooling load decreases,
rather than simply due to their ability to reach
the target temperature quickly.

According to this study, selecting an air-
conditioning system should not be based solely
on the equipment's technical specifications but
should also consider room characteristics and
desired operational objectives. This method
provides a more comprehensive basis for
selecting the appropriate  indoor  unit
configuration and the most suitable air-
conditioning technology. This approach can
achieve an ideal balance between thermal
comfort, cooling speed, and energy efficiency.
These parameters are easily adjustable.

m  CONCLUSION

Airflow distribution and compressor
technology are crucial factors in the
effectiveness of an air conditioning system.
Airflow depends on the unit’s position within
the room. Efficient air distribution and cooling
capacity will affect the occupied area as well as
thermal energy consumption. The efficiency of
an air-conditioning system should not be based
solely on the average room temperature, but
rather on the thermal conditions within the area
where the system is installed, which can
provide a more accurate picture of occupant
comfort.

The least efficient configuration is
Displacement, which relies on cold air to keep
the occupied area below floor level and prevent
it from exceeding the target temperature.
Additionally, the PM Above configuration
experiences thermal stratification, leading to
inaccurate thermostat readings and prolonged
compressor operation. In contrast, the
PM Middle configuration achieves optimal
overall performance by improving airflow
distribution, resulting in more efficient cooling
and lower energy consumption for both inverter
and non-inverter units. The PM Middle
configuration is considered the optimal choice
for installation.
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