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ABSTRACT: Residents in the study area were observed spending more time on balconies or terraces than in their living rooms in
the evenings. While the exact reasons for this behavior were unclear, inadequate air movement in the living rooms was suggested as
a potential cause. This study investigated air movement in naturally ventilated living rooms of Enugu State Housing Development
Corporation (ESHDC) high- density estates in Enugu Capital Territory, Nigeria, during the peak of the rainy season. Atotal of 130
housing units were randomly selected from 433 housing units and surveyed using questionnaires. The data were statistically analyzed
to assess occupants' perceptions of air movement. Results revealed that more than half of the respondents (55.3%) rated level of air
movement sensation (LAMS) as ‘just okay,” while 41.5% reported experiencing ‘Low’ air movement sensation (LAMS). Regarding
level of air movement preference (LAMP), half of the respondents (50.4%) desired ‘more air movement,” while 49.5% were satisfied
with "no change™ in their indoor environment. Spearman’s Rho correlation analysis indicated that there is a positive and significant
relationship between LAMS and LAMP in naturally ventilated living rooms during the warm and humid season. The study concludes
that occupant feedback is critical for updating design practices to enhance indoor air movement and thermal comfort. It recommends

incorporating air movement perception into thermal comfort standards to improve living conditions in tropical climates.
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1.0 INTRODUCTION

Background to the Study

Air movement is one of six key variables influencing thermal
perception in built environments. These include three
environmental factors (air temperature, mean radiant
temperature, and relative humidity) and two personal factors
(metabolic rate and clothing insulation). In warm or hot
conditions, air movement can provide desirable cooling
effects, though excessive drafts may cause discomfort (Nicol
etal., 2014; Nguyen et al., 2012). Detectable air movement is
often associated with freshness and pleasantness; however, it
can also lead to annoyance when it results in discomfort,
prompting behavioral changes. Air movement is a critical
factor in thermal comfort perception (Rizk & Henze, 2014)
and plays a role in human thermal self-regulation systems
(Humphreys et al., 2018). Sensible air movement helps
maintain core body temperature by regulating the release of
metabolic heat and managing skin temperature (Nicol et al.,
2014). It also influences thermal perception (Munonye & Ji,
2021; Atalogbe, 2014). Thermal perception, a psychological
response to discomfort drives human behaviors aimed at
achieving thermal satisfaction.

Understanding occupants’ perceptions of air movement is
vital due to its impact on thermal satisfaction and well-being
(Ko et al., 2020; Munonye et al., 2018). Numerous studies

highlight the relationship between air movement and thermal
comfort, noting that occupant feedback on indoor air
movement can inform strategies to reduce energy
consumption in naturally ventilated spaces (Adunola &
Ajiobla, 2016; Olanipekun, 2014; Ezema et al., 2018;
Santamouris, 2016). However, limited research exists on air
movement perception in naturally ventilated living rooms
within high-density housing in Nigeria’s warm and humid
tropical climate. In ESHDC high-density estates, it was
observed that many occupants preferred spending evenings on
balconies or terraces rather than in their living rooms. This
preference may be linked to inadequate air circulation within
living rooms, especially during evenings when living rooms
typically serve as hubs for family relaxation, interaction, and
entertainment (Marshall, 2012; Ogunola, 2018). Rechavi
(2008) emphasizes that living rooms should be spacious,
attractive, comfortable, and thermally acceptable to
occupants.

Study Objective

This study aims to address this gap by examining air
movement perception in naturally ventilated living rooms
within ESHDC high-density estates, Enugu Capital Territory,
Nigeria, during the peak rainy season. Specific objective is to
assess the relationship between air movement perception and

3704 ] Aloysius O. Onochie!, ETJ Volume 10 Issue 01 January 2025


https://doi.org/10.47191/etj/v10i01.27

“The Role of Air Movement Perception in Enhancing Thermal Comfort in Naturally Ventilated Living Rooms: A
Case Study of Eshdc High- Density Estates in Enugu, Nigeria”

thermal comfort in naturally ventilated living rooms. This
investigation was part of a broader research initiative
examining the effect of natural ventilation on the thermal
conditions of living rooms in these high- density estates.

Study Area

The study was conducted in Enugu Capital Territory, the
administrative and commercial capital of Enugu State,
located in southeastern Nigeria. Geographically, Enugu
Capital Territory lies approximately between latitudes 6°21'
and 6°30'N of the equator and longitudes 7°26' and 7°37'E of
the Greenwich Meridian. (See Figure 1). The Capital
Territory is bounded by Igbo-Etiti and Isi-Uzo Local
Government Areas to the north, Udi Local Government
Area to the west, Nkanu West Local

Government Area to the south, and Nkanu East Local
Government Area to the east. Enugu, often referred to as ‘Coal
City,’ derives its name from its topography of rolling hills and

the historic discovery of coal in 1909 by British geologists. It
is the oldest urban area in southeastern Nigeria and holds
significant historical and economic importance. According to
the National Population Commission (NPC, 2006), the
population of Enugu Capital Territory was projected to
double to 4 million by 2025, with a population density of
approximately 900 persons per square kilometer. The
majority of the population are Igho, forming the predominant
ethnic group, while a mix of other ethnicities contributes to
the area’s cosmopolitan character (Enugu State Government
Diary, 2013). Rapid urbanization in the Capital Territory has
resulted from a substantial influx of people seeking economic
opportunities. This population growth has placed significant
pressure on existing housing stock, public infrastructure, and
electricity supply. These challenges have contributed to
reduced urban quality and an increase in thermal discomfort in
the area (Umeora et al., 2019)
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Figure 1: Map of Enugu State showing Enugu Capital Territory (hatched)
Adopted from: Enugu State Government Diary, (2013)

Climatic and Topographic Characteristics of the Study
Area

The Capital Territory is characterized by an undulating, hilly
topography. It is home to six major rivers: Aria, Asata, Ekulu,
Idaw, Nyaba, and Ogbete, which play a significant role in

modifying the region's microclimate. According to Képpen’s
climate classification, Enugu State falls within the Tropical
Moist Climate (TMC) zone. The dominant vegetation is
tropical rainforest, with elements of derived savannah.
Located at an altitude of 304.7 meters above sea level, the
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Capital Territory experiences a naturally humid climate. The
average maximum temperature hovers around 34.9°C, while
average minimum temperatures are about 22.3°C, leading to
an annual mean temperature of approximately 26.7°C. The
region experiences two distinct seasons: the rainy season and
the dry season (lloeje, 2001).

2.0 LITERATURE REVIEW

Air Movement perception

Air movement is one of the six key variables influencing
human thermal comfort. The other five are air temperature,
mean radiant temperature, relative humidity, metabolic rate,
and clothing insulation. In warm conditions, air movement
can have a cooling effect (Nguyen et al., 2012; Kleiven, 2012;
Yang & Clements-Croome, 2012), though it may also
increase the risk of uncomfortable drafts (Nicol et al., 2014).
While detectable air movement is often perceived by
occupants as refreshing and pleasant, it can become irritating
when it causes discomfort, potentially leading to changes in
behavior as well (Humphreys et al., 2018; Fukazawa et al.,
2009). The speed of air movement indoors can influence both
physiological and psychological responses, ranging from a
pleasant sense of coolness to an unpleasant draft, depending
on factors such as air temperature, mean radiant temperature,
humidity, clothing, metabolic rate, and personal preferences
for air movement (Humphreys et al., 2018; Tipton, 2006).
Also, human physiology plays a crucial role in maintaining
body heat balance, keeping the core temperature around 98°F
(37°C) within the bounds of these six variables. These
physical variables regulate the release of metabolic heat by
adjusting skin temperature, primarily through changes in skin
blood supply and sweating (Ifebi, 2020; Brown et al., 2012),
which in turn influences how occupants perceive air
movement in an enclosed space. Furthermore, studies have
demonstrated that air movement perception is a key
component of the adaptive comfort model, which considers
sensible, preferable, and acceptable air movement in thermal
comfort assessments (Humphreys et al., 2016; Nicol et al.,
2014; Rizk & Henze, 2014; Nguyen et al., 2012). Air
movement plays a fundamental role in thermal comfort
perception, as it is linked to the expression of skin
temperature in a given indoor climate (Humphreys et al.,
2018). In warm and humid environments, moisture on the
skin significantly impacts thermal comfort, as convective heat
transfer at the skin depends on air movement across the
surface, along with air temperature and relative humidity. As
a result, air movement has become a crucial factor in thermal

Table 1: ESHDC High-density Estates in Enugu Capital Territory

comfort standards, influencing heat loss, skin temperature,
skin moisture, thermal sensation, and thermal preference
(Humphreys et al., 2018; Nicol et al., 2014; Fukazawa et al.,
2009).

Thermal Comfort

ASHRAE Standard 55 (2017) defines thermal comfort as a
mental state of satisfaction with the thermal environment,
evaluated through subjective methods. This definition
highlights thermal comfort as a psychological experience,
emphasizing its interpretation through emotional expressions
such as sensation, preference, acceptability, pleasantness,
comfort, and satisfaction (Lin et al., 2015). Furthermore,
thermal perception is often a psychological expression of
discomfort, with individuals responding to achieve thermal
pleasure. According to Vellei et al. (2021), human behavior is
driven by perceived thermal discomfort, prompting
individuals to take actions to restore comfort—such as
adjusting clothing, switching fans on or off, altering activity
levels or location, or consuming hot or cold drinks.
Understanding thermal perception and its psychological
dimensions help to equip building designers to create
adaptive controls that regulate indoor thermal conditions,
particularly in naturally ventilated living spaces in high-
density estates, like the ESHDC estates in Enugu, Nigeria,
where warm and humid climates prevail.

3.0 RESEARCH METHODOLOGY

This study adopted a cross-sectional survey design to collect
subjective data on air movement perception in naturally
ventilated living rooms during evening hours (4—7 pm) in the
rainy season (June— August 2024). The survey aimed to
collect subjective data by asking occupants to select from a
list of options on five key aspects of air movement perception:
sensation, preference, acceptability, satisfaction, and overall
comfort, specifically in their living rooms during evening
hours.

A stratified sampling technique based on residential density
was employed. The sample frame included 433 high-density,
three-story multifamily apartment blocks, comprising two-
bedroom units and three- bedroom units. A total of 130
residences were randomly selected for the survey (See Table
1). Questionnaires were used to elicit occupant feedback on
five dimensions of air movement perception: sensation,
preference, acceptability, satisfaction, and overall comfort.
Responses were statistically analyzed to evaluate perceptions
and their relationship with thermal comfort.

S/IN NAME OF ESTATE NUMBER OF HOUSING UNITS
1 IAfrican Real Estate 109
2 Maryland Estate 324

TOTAL 433

Source: Physical Planning Unit, ESDHC, (2023)
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To determine the sample size for the study, sampling by ratio
and the percentage proportional allocation techniques were
applied. According to St. Olaf College (2023), a minimum
ratio of 30% is sufficient to ensure equitable representation
within a sample. Similarly, Kothari (2014) noted that the
percentage proportional allocation technique is effective for
reducing a sampling frame to a manageable size, ensuring a

representative and efficient study. For this study, 30% of the
housing units in each selected estate were randomly sampled,
ensuring proportional representation. This approach yielded a
sample size of 130 housing units, which was considered
sufficient for the survey. The sampling size for both the
housing units and the corresponding occupants/respondents is
presented in Table 2.

Table 2: Number of Sampled units from each ESHDC High-density Estate

SIN NAME OF ESTATE

OF HOUSING UNITS

NUMBER OF
OCCUPANTS/RESPONDENTS

1 IAfrican Real Estate 33 33
2 Maryland Estate 97 97
TOTAL 130 130

Source: Physical Planning Unit, ESDHC, (2023)

4.0 DISCUSSION OF FINDINGS

The ESHDC high-density estates consist of multi-story
apartment buildings, primarily three-story blocks, located on
gently sloping terrain with effective natural drainage systems.
These estates are situated in two areas: Uwani and
Independence Layout, within Enugu South L.G.A. of the
Enugu Capital Territory. The building envelopes are made of
plastered hollow block walls with operable glazed windows.

The ground and first floors feature reinforced concrete slab
soffits, while asbestos and aluminum corrugated sheets are
used for the ceilings and roofing respectively.

Plate 1 illustrates a view of the real estate in Uwani,
showcasing balconies and terraces, exposed earth with
undefined parking areas, visible housing transformations, and
water storage tanks, which highlight the absence of a reliable
public water supply.

>

Plate 1: Pictorial view of Real Estate, Uwani, Enugu South L.G.A.

Source: Fieldwork (2024)
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Plate 2 depicts Maryland Estate in Independence Layout,
which is characterized by narrow balconies, expansive hard
surfaces, poorly maintained open spaces, narrow streets,

designated parking areas, drainage channels, and water
storage tanks. In contrast to Uwani, there is no noticeable
evidence of housing transformations in Maryland Estate

Plate 2: Maryland Estate — Views of Multi-storey apartment blocks (condominiums)
Source: Fieldwork (2024)

Analysis of Aggregated Data on Level of Air Movement
Sensation

The analyzed data, presented in Figure 1, show the frequency
and occupant responses regarding their level of air movement
sensation across the selected ESHDC high-density estates.
The results revealed that more than half of the occupants
surveyed responded with ‘Just OK’ to the question, ‘How do

you feel about the air movement in this living room?” This
response accounted for 55.3% of the responses. In contrast,
less than half of the occupants reported a sensation of ‘Low’
air movement, representing 41.5% of the responses. And very
small fraction voted ‘High’ air movement, representing 3.3%
of the responses.

LEVEL OF AIR MOVEMENT SENSATION

60

50

40

30

20

10

Low Just ok

Very high

Figure 2: Analysis of aggregated data of level of Air Movement Sensation
Source: Fieldwork (2024)

Analysis of Aggregated Data on Level of Air Movement
Preference
The data presented in Figure 2 show the frequency and

percentage of responses from occupants regarding their
preferred level of air movement in their living rooms across

the selected ESHDC high-density estates. The findings
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revealed that approximately half of the occupants in both
estates indicated a preference for ‘More air movement’ or ‘No
change’ when asked, ‘How do you prefer or want air
movement to be in this living room now?’ Specifically, 50.4%
of respondents preferred ‘More air movement,” while 49.6%
preferred ‘No change.” These results align with previous
studies indicating that occupants of naturally ventilated

buildings in warm-humid tropical regions often desire
increased air movement (Olanipekun, 2014), even during the
rainy season, when surface air temperatures are low, and
relative humidity is high due to heavy rainfall and extensive
cloud cover (World Bank Group, 2021; Charamalapoulos,
2017).

Level of Air Movement Preference

49.60% m Little air movement

= No change

More air movement

Figure 3: Analysis of aggregated data of Level of Air Movement Preference
Source: Fieldwork (2024)

Test of the relationship between air movement preference
and thermal comfort conditions

The relationship between air movement preference and
thermal comfort conditions in naturally ventilated living
rooms of the ESHDC high-density estates was tested. The
variables examined included levels of air movement
preference (LAMP) and levels of air movement sensation
(LAMS), a measure for thermal comfort. Given that the

variables are ordinal, Spearman's Rho correlation analysis
was employed to assess the significance of the relationship.
The results of the analysis, presented in Table 3, revealed that
the correlation coefficient value was: -.722** and Probability
Value (p): 0.000. The results indicate a highly positive
correlation between levels of air movement preference and
levels of air movement sensation. The p-value of 0.000
confirms that this relationship is statistically significant

Table 3: Spearman’s Rho Correlation analysis results on relationship between thermal comfort and Air movement

perception variables (LAMS & LAMP)

Level of Air Movement
Preference
Level of Air Movement [Pearson Correlation coefficient - 722"
Sensation \value
Sig. (2-tailed) .000
N 123
**, Correlation is significant at the 0.01 level (2-tailed)

Source: Fieldwork (2024)

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions have emerged from the
assessment of the role of air movement perception in
enhancing thermal comfort in naturally ventilated living
rooms in ESHDC high density estates in Enugu Capital
Territory, Nigeria:

1. Thisstudy has submitted that air movement perception is

an important aspect of the adaptive comfort model because the
model takes into consideration of building occupant’s
expression of thermal comfort.

2. This study also asserted air movement perception can
boost flexible use of energy by allowing occupant to regulate
energy use with help of adaptive controls, to meet the thermal
expectation that may vary with times of the day and season.
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3. The study has affirmed existence of a positive correlation
between levels of air movement preference and levels of air
movement sensation. The p-value of 0.000 confirms that this
relationship is statistically significant.

Furthermore, these recommendations were drawn from
findings of this study and existing related literature.

1. This study aligns and agrees that the air movement
perception is an aspect of human self-regulatory behaviour,
and a valuable component of passive ventilation architecture
that ought to be considered at the initial design stage for
achieving acceptable thermal environments.

2. Air movement perception boosts flexible use of energy
via proper design of adaptive controls to regulate thermal
comfort conditions and determine individual thermal
expectations at various times of the day and season.

3. Air movement as an aspect of thermal perception survey
that regards occupant feedback as a critical factor updating
design practices to enhance indoor air movement and thermal
comfort. It recommends incorporating air movement
perception into thermal comfort standards to improve living
conditions of buildings in the warm and humid tropical
climates.
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