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SUMMARY

A subjective survey was carried out to assess the thermal comfort perception of passengers of
air conditioned cars in India. The survey questionnaire prepared captures data on the gender
and age of the passenger, his/her seating position, perception about cabin air temperature,
moisture content, air velocity, indoor air quality etc. The thermal comfort survey questionnaire
is framed in Google forms and is shared through email and social apps across the country. A
total number of 235 responses were collected within the given survey period. Survey results
show that out of the total occupants, more than 70% expressed satisfaction with the air
conditioning system, even though they aspire for better systems. during the months of summer
season in India. An analysis of the survey results show that around 60 % of the passengers feel
that they will be comfortable in the temperature range of 22°C to 26°C. Though majority of the
passengers seem to be comfortable with humidity and air motion inside the car cabin, there is
some dissatisfaction in terms of stuffiness and sweatiness inside the car cabin, which need to
be addressed through better air distribution systems. No major difference in terms of age group
or gender could be observed from the survey results.

Keywords: Thermal comfort; Air conditioned cars; Passenger perception; Subjective survey
1 INTRODUCTION

The exponentially growing needs of efficient air conditioning (AC) system in cars and buildings can be
ascribed to worsening climatic conditions, growth of population, urbanization and industrialization in
India. With rising standards of living, there is a notable increase of vehicles on the Indian roads in the
recent decades. Most of the passenger cars that are sold now are equipped with AC systems. While, the
need for air-conditioned cars for passenger thermal comfort cannot be questioned in view of the India's
heterogeneous climatic conditions, the associated fuel costs and greenhouse gas emissions are of major
concern. Studies show that a hot and humid environment can negatively impact occupant comfort and
impair driver awareness and cognitive performance [1], outlining the need for an efficient air
conditioning systems. The rise of electric vehicles (EVs) with constraints on battery capacity poses new
challenges in the design of air conditioning systems [2]. A survey in India during peak summer and
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rainy seasons revealed significant discrepancies between the manufacturer-rated AC performance,
range, and mileage versus actual on-road data. User-reported statistics from automotive forums
highlight concerns about slow temperature stabilization, high energy use in traffic, and poor rear-seat
cooling [3]. Modern vehicular climate control systems must balance fast cabin cooling, energy
efficiency for EV range, and air quality management in urban areas with high PM2.5 levels [4].
Traditional thermal comfort assessment methods, suited for stationary buildings are inadequate for
automotive applications due to confined cabin space, dynamic solar radiation, and varying occupant
metabolic rates [5]. Studies show that the Predicted Mean Vote (PMV) index needs adjustment for
automotive environments due to microclimate changes from localized air velocities and significant
radiant asymmetry between sun-exposed and shaded surfaces [6]. The thermal environment inside
automobile cabins can be assessed through suitable computational fluid dynamics (CFD) models.
However, subjective surveys are needed for assessing the thermal comfort perception of the occupants
of a stationary building or a moving car. The purpose behind thermal comfort surveys in vehicles and
buildings is the same, i.e., to gauge occupant satisfaction with their thermal environment, but the
procedures and impacting variables could be different. Branco et al., [7] monitored indoor air quality in
real-time during 40 trips, selecting 24 to study factors like pollution, traffic intensity, ventilation
strategies, and parking garage circulation. Route specifics, weather, and traffic intensity were also
logged for detailed analysis. Ye et al., carried out field surveys in a long distance sleeper train in China
to assess the indoor environment and air quality [8]. The study combines objective measurements and
subjective surveys to assess the impact of thermal zone transitions on occupant temperature perception.
Research on thermal comfort in passenger rail trains highlights the importance of personal comfort
zones and individual climate control. Studies, including the one with 172 participants, emphasize the
role of "Thermo Specific Self Efficacy" (TSSE) in improving comfort, and recommend integrating
TSSE into comfort forecasts [9].

Research Gaps

Though thermal comfort surveys have been conducted in various types of buildings in India,
similar studies for mobile applications such as passenger cars are not reported in open literature
for Indian conditions.

Purpose of the Survey

The primary aim of the survey is to get an overall idea about the perception of the passengers
on thermal comfort aspects of cars running on Indian roads. The survey is designed to collect
the subjective perceptions of the occupants regarding the air temperature, humidity level, air
velocity, indoor air quality, and to see whether there is any relation between their seating
position, gender and age on these perceptions. It is a preliminary study that will be followed
more detailed subjective surveys, numerical and experimental studies with a goal to come up
with recommendations for efficient design and operation of passenger air conditioning systems.

2 METHODOLOGY

The thermal comfort survey of air conditioned cars is done by preparing a questionnaire that
captures information such as type of passenger car, gender and age of the passengers, their
seating position, their thermal comfort perception, preferred temperature range, perceived air
motion, humidity level, indoor air quality and journey details.

As the survey is carried out by circulating the questionnaire prepared using Google Forms
through emails and social apps, no environmental parameter mapping is done. It is assumed
that the response to the questionnaire by the respondents is an average response based on
several of their trips in air conditioned cars. Thus the conclusions drawn out of the survey
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results provide an overall perception of the passengers on air conditioned cars, and not meant
for generating any explicit correlations between the comfort parameters and the associated
perception.

Location, Types of vehicle and Subjects
Location: The thermal comfort survey of the AC cars I conducted in India.

Types of vehicle: Five types of AC cars are considered in this study. These are: Micro,
Hatchback, Sedan, SUV and Wagon as shown in Fig. 1.

Subjects: The respondents are a mix of female, male and other genders. The age groups
considered are from 19 years to 65 years.

HATCHBACK

r@ﬁ

Wagon

Fig. 1: Various types of air conditioned cars

Data collection: During the survey no physical parameters were measured. Only Google form
based subjective questionnaires were filled by the occupants hailing from different regions of
the country who experienced travel in AC cars.

Subjective questionnaire: The questionnaire begins with a brief introduction and purpose
behind the subjective survey, followed by questions related to various aspects of the passengers
and their perception about the environment inside the car cabin. The survey questionnaire was
made in three different languages, namely, English, Hindi and Bengali. As mentioned, the
survey questionnaire was prepared in Google Forms and circulated through email and social
apps. The link for the questionnaire is given below:

Link for the Google Forms

The respondents filled the questionnaire based on their present and past travel experience in air
conditioned cars and similar vehicles on trips that last 30 minutes or longer.

The responses were collected and exported to MS Excel sheet and RStudio for analysis.

3 RESULTS AND DISCUSSION

From the responses received it is observed that approximately 47% respondents are
from the state of West Bengal, which typically has a hot and humid climate. Out of the 235
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responses, around 14% (33) are female respondents and the rest are male respondents. In terms
of age group, around 17% are in the age group of 19-25 years, around 51% respondents fall
in the age group of 26-35 years, 17% are in the age group of 36-45 years and the remaining
(about 15 %) are above 45 years. Out of the total responses, 50% mentioned hatchback type of
cars and 36% mentioned sedan type of cars. Out of the 235 respondents, around 69% occupants
travel by sitting in either driver’s seat (around 24%) or in the front passenger seat (around
45%). Approximately 48% women travel by either hatchback car or sedan car, whereas 47%
and 32% men travel by hatchback car and sedan car, respectively. Most of the low price range
sedan and hatchback cars have air distribution port at the dashboard.

Out of the total occupants, around 75% expressed that they are thermally comfortable
inside the air conditioned cars, while around 17% felt neutral. Around 8% of the occupants,
however, mentioned that they are not comfortable with the temperature inside the AC car. The
percentage of male passengers who expressed dissatisfaction with the inside temperature is
approximately same as that of the female passengers. In terms of the seating position, 84%
occupants in the driver’s seat expressed satisfaction with thermal comfort conditions, whereas
around 72% sitting in passenger seats (front and back) are satisfied with the thermal comfort
provided by the car air conditioning system.

In terms of preferred temperature range, 35% respondents preferred the 22°C - 24°C
range, while around 26% respondents are thermally comfortable within the 24 °C - 26°C band.
Thus the preferred temperature range for over 60 % of the occupants, irrespective of their
gender or seating position is within 22°C - 26°C, as shown in Fig. 2. Around 12 % of the
passengers preferred a much lower temperature range of 18°C-20°C. Only around 7 % of the
occupants preferred temperatures above 26°C. In terms of the preferred temperature range, no
major difference could be observed between male and female passengers or among the different
age groups.

@ Below 18 °C

® 18°C-20°C
® 20°C-22°C
@ 22°C-24°C
@®24°C-26°C
®26°C-28°C
@® Above 28 °C

Fig. 2: Percentage of occupants with preferred temperature range

Survey results show that changing the direction and magnitude of air velocity with the
help of the louvres, change of blower speed, and change of temperature set points are the most
commonly used methods by the passengers to achieve thermal comfort.

Results show that in 91.5% of the cases there are no extra fans mounted on the frames
or panel inside the car. However, around 61% of the occupants are satisfied with the air
movement inside the vehicle.
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Fig. 3 shows the perception of the passengers to humidity levels inside the car. It can
be seen that majority of the passengers appear to be satisfied with the humidity level inside the
cabins, with less than 20% reporting very humid, humid, dry or very dry conditions. Again
there is no clear distinction between male or female passengers or between front or back seat
passengers in terms of their perception about humidity.

@ Very humid

@® Humid

& Slightly humid

@ Neither humid nor dry
@ Slightly dry

® Dry

@ Very dry

Fig. 3: Percentage of occupants with their perception about humidity

Out of the total occupants, 42% are neutral to the air quality inside the car, but around
36% occupants reported slightly stuffy conditions while around 4% recorded very stuffy
conditions. While there is no difference between male and female passengers or different age
groups, in terms of their perception about stuffiness inside the car, compared to the front seat
passengers, higher number of passengers sitting in the rear seat felt more stuffy.

In terms of sweatiness at the back and glute, around 18% of the passengers reported
sweatiness. Out of the passengers reporting sweatiness, around 54% are male, while the
remaining or female.

In terms of overall satisfaction, around 72% occupants voted for overall satisfaction but
seek better comfort. Around 11% occupants are not satisfied and they asked for improvement
of the car AC and air distribution system. Some occupants suggested AC vents at the rear side,
with higher airflow at the rear seats, automatic control as per the outside temperature and an
extra fan inside the cabin.

A correlation matrix is generated among the independent variable which effect the thermal
comfort by generating heat map using R studio, shown in Fig. 4. The following observations
are found based on the heat map: High Positive Correlation (Darker Shades to Deep Red):
Humidity Level < Air Inside the Car: Because moist air feels heavier and less fresh, higher
humidity is substantially associated with a worse perception of air quality.
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Fig. 4: A heat map correlation matrix for many aspects of thermal comfort

Moderate Positive Correlation (Medium Shades: Orange to Red): Sweating «<» Humidity Level:
Higher humidity, as predicted, tends to cause more perspiration, which lowers comfort levels.
Feeling Sweat: Low or No Correlation (Lighter Shades-Yellow): Comfortable Temperature Air
circulation, individual tolerance, and cooling effectiveness are likely to have an impact on
thermal comfort, which is not always directly related to perspiration.
Principal Finding: Pay attention to airflow and humidity regulation: Since ventilation and
humidity have a big impact on how uncomfortable something feels, they can greatly increase
overall thermal comfort.

Preferred Temperature Range and Air Movement Satisfaction are more consistently rated,
reflecting clearer passenger preferences, while Humidity Level and Sweat Feeling have the
most varied responses, suggesting they are more context-dependent, according to the
Distribution of Key Thermal Comfort Factors, shown in Fig. 5. The disparity in thermal

comfort and overall experience emphasizes how crucial efficient climate management is to
passenger comfort.
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Distribution of Key Thermal Comfort Factors (Encoded)
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Fig. 5: Distribution of Key Thermal Comfort Factors

4 CONCLUSIONS

The preliminary survey carried out on the thermal comfort perception of passengers
travelling in cars on Indian roads showed some interesting trends. It is seen that over 70 % of
the passengers who participated in the survey expressed satisfaction with the air conditioning
system in the cars, even though they aspire for more comfort. The preferred temperature range
for majority of the passengers is in the 22°C to 26°C range. No major difference in perception
is observed in terms of the age groups or gender. In terms of seating position, a higher % of
occupants in the driver position expressed satisfaction compared to others. This could be due
to the greater control the driver exercises for changing the temperature and air velocity settings.
A heat map correlation matrix is generated among the independent variables to identify the
effect on thermal comfort perception. Preferred temperature and air movement are the key
factors for thermal comfort perception based on the thermal comfort analysis and these are
consistently rated based on the box plot. There are some concerns about the stuffiness and
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sweatiness inside the car cabin, which may have to be addressed through better air distribution
inside the cars.
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