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three replications for reproducibility. For data collection, a 10-row shuttle bus was held
immobile for 30 minutes. According to the data, outlet 5 received the highest air
velocity and the lowest temperature, at 9.12 ms™ and 13.6 °C, respectively. It was also
discovered that the design of the air-conditioning ducting impacts the reachability of
cooled air to the farthest outlets, adversely affecting the target cool temperature and

Keywords: passenger comfortability. It is suggested that in order to promote the attractiveness of
Shuttle bus; temperature; velocity; public transportation, the inner bus compartment and air-conditioning system in hot
thermal comfort countries should prioritise thermal comfort.

1. Introduction

Air-conditioned buses represent a large part of public transit in several countries around the
world. The most important factor in providing a comfortable and healthy ambiance for passengers in
a bus cabin is thermal comfort. It is discovered that the cooling effect of windy weather in subtropical
climates was discovered increases the number of ridership in particularly remote areas [1]. For the
thermal comfort of the passengers, a bus passenger compartment and other human-occupied spaces
require an air-conditioning system [2] because of its temperature, speed, direction, and volume flow
rate, indoor air can be uncomfortable [3]. In these buses, inadequate cabin air circulation is a primary
source of passenger discomfort. Inadequate air circulation in a closed space may cause suffocation
and discomfort, especially on hot sunny days when symptoms such as headache and vomiting have
been reported [4].
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Thermal comfort is a person's satisfaction with the thermal environment around them.
Environmental factors, such as air temperature, humidity, air velocity, and radiant temperature,
influence it, while individual factors include clothing, activities, and individual situation [5]. The air
temperature, radiant temperature, humidity, air velocity, clothing insulation, and metabolic heat are
among the six elements that influence the thermal comfort level in general. Fohimi et al., (2020)
define the variables that influence the atrium ventilation system can be divided into three categories:
external variables such as ambient and outdoor temperature, solar radiation, and wind, internal
variables such as internal heat load, expected comfort level, and ventilation technique such as natural
ventilation or forced ventilation. Other studies defined thermal comfort factors as the size of the
space, the number of passengers, the size of the air vents, and the ventilation system [7]. A study
investigated desired thermal comfort values such as temperature distribution, relative humidity
ratios, and air velocities inside the bus [8]. These parameters can be analyzed together by altering
the secondary parameters of air-conditioning parts in the bus cabin. Hossam et al., [9] investigated
the thermal comfort of passengers using various methodologies such as varied outlet design and the
effect of outlet angles by modulating the velocities of the air-conditioning system. Aliahmadipour et
al., [10] studied the thermal comfort level on a heated mannequin by applying temperature and
velocity parameters and discovered that inconsistent air distribution is associated with compartment
design. It was also shown that using a hybrid ventilation system can improve the quality of both air
distribution and thermal comfort in railway coaches [11]. Chang et al., [12] stated that the number
of passengers in the cabin also influences the air velocity speed. Ismail and Jamil (2020) modified the
number and arrangement of the exhaust fans in their study to provide proper thermal comfort in the
badminton hall. They discovered that the primary goal is to reduce the temperature at the wall. This
statement was supported by Widiastuti et al., (2020), who found that in the afternoon, the wall
temperature absorbs more heat from solar radiation and requires more energy to cool the indoor
space.

The average temperature was measured at the front, center, and back of the bus cabin, with each
mean value based on ten readings [15]. Shafie et al., [16] conducted the experiment by positioning
the equipment for measuring velocity and temperature at the outlet while the bus traveled for 12
kilometers on campus. This is to ensure that the velocity and temperature remain at 3ms™ and 23°C
while the CO, CO,, and CH;0 data are collected. Liu et al., [17] are constructing a model airplane cabin
in order to analyze particle concentration distribution. This involves measuring the velocity of the air-
conditioning outlet in three directions and the cabin temperature with a thermocouple. The cabin
was set idle for 24 hours to allow for constant temperature and velocity. The campus shuttle bus was
used as the experiment subject in this study to assess thermal comfort. Thermal comfort was
evaluated by varying the bus operating conditions and measuring the air-conditioning outlet velocity
and cabin temperature. This preliminary experiment was carried out in order to determine the
suitability of data measurement in relation to bus conditions for future study references. As
mentioned by Danca et al.,, [18], in most situations, both in practice and in standards, the most
reported and debated of these characteristics is air temperature.

2. Field Measurement Set-up

Field measurements were carried out to measure two parameters which are the velocity and the
temperature of the air-conditioning outlet. During the study, only one shuttle bus had been used as
an experimental subject. The bus selected was well maintained and is free from any damage or
problem related to the air-conditioning system. Danca et al., [18] mentioned that vehicles require
sufficient time to reach a uniform temperature environment, therefore, the initial set-up was to let
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the shuttle bus’s inner compartment reach a stable temperature after the engine started. This
procedure will take approximately in about 15 minutes before the data are taken. According to Unal
[19] findings, it took approximately 20 minutes after the air-conditioning system is operated from the
stalled position to drop the temperature from 50 °C to 25 °C. This is an important step to ensure that
the inside compartment establishes a steady-state condition before recording data. A detailed
description of the bus is given in Table 1.

Table 1

Detailed description of the bus

Description

Model HINO

Engine JO8C-FEURO 1

Year 2011

Compartment Length=11m
Width=2.5m
Height =2.4 m

Passenger seat Length=0.7 m
Width=0.4m

Air supply diffuser Diameter =59 mm

Air return grille Length =37 mm
Width =28 mm

A total of 11 pairs of air-conditioning outlets are tested during the study where the temperature
and velocity of air-conditioning are being measured using specific devices which is the anemometer
and digital thermocouple. Both measurement devices were attached to the outlet for over 30
minutes for each pair and repeated three times for reproducibility. It was noted that the air-
conditioning ducting design of the bus has a different angle orientation of the outlet pairs number 1
and 10 which later might affect the reading of velocity and temperature. The sketching of ducting
has been depicted in Figure 1.

Air-conditioning ducting

Condenser
Evaporator
— »—~  Blower
«
PO O D OO O
Back
Front side
side Inner bus
compartment

Fig. 1. 3D modeling of the bus inner compartment with the air-
conditioning ducting

By assuming that the inside of the bus compartment is symmetrical, the investigation only

collected one side of the air-conditioning, which consisted of 11 outlet pairs hereafter referred to as
the left outlet and right outlet. Figure 2 depicts the interior bus compartment modeling.
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Fig. 2. 3D modeling of the bus inner compartment with the air-conditioning
ducting

3. Results and Discussions
3.1 Velocity of the Outlets

During the study, we recorded the velocity of the outlets as depicted in Figure 3. The maximum
velocity was recorded at 8.71 ms? and 9.12 ms™ for the right and left outlets respectively. The
findings also demonstrate that when other outlets move away from outlet 5, the velocity coming out
of the outlet decreases. This condition is caused by the position of the evaporator blower and may
differ from various shuttle bus designs. Considering outlet 5 has direct flow from the blower, it
obtains the maximum airflow velocity when compared to the others while the lowest velocity for
right and left outlets is recorded at 2.85 ms™ and 2.53 ms™ respectively. Figure 1 shows that the air-
conditioning ducting has an angular design before reaching outlets 1 and 11. This angular design has
interrupted the airflow's capacity to reach the ducting's end evenly, lowering the velocity value. It
was also discovered that outlet 10 is located at the ducting angular shape, which releases more
airflow and lowers the velocity at outlet 11. There is no significant difference was found between the
right and left outlets when compared to the pattern of airflow velocity. Similar results were found
where the highest was recorded by outlet 5 and the lowest velocity was recorded by the farther
outlets.
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Fig. 3. Individual outlet velocity for (a) right side and (b) left
side

3.2 Temperature of the Outlets

The temperature of the outlets was recorded using a digital thermocouple and the data are
shown in Figure 4. The highest temperature was recorded at outlet 11 at 22.9 °C followed by outlet
1 at 22.7 °C. Other outlets are recording almost similar readings at a range of 13-18 °C. Since the data
was collected while there was no occupancy, the temperature increase was entirely due to the
ducting design. As previously stated, the velocity of cooled air from the blower is decreased due to
the angular design of the ducting at outlets 1 and 10. This phenomenon is affecting the cooling air
supply to reach the farthest outlets 1 and 11 efficiently. The lowest temperature recorded was 13.6
°Cand 14.2 °C for right and left outlets respectively for outlet 5. This clarifies that direct access from
the blower to the outlet will probably be the coolest seat on the bus. The same result was obtained
Unal [19], with the thermocouple near the evaporator blower consistently recording the lowest
temperature and the thermocouple near the engine consistently recording the highest.
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Fig. 4. Individual outlet temperature for (a) right side and (b)
left side

According to the temperature data, outlets 1-4 have a higher temperature than outlets 6-10. The
positioning of outlets 1-4 in the front of the bus permits radiant heat transmission from the exposure
of a large screen. This exposure generates additional heat in the front bus compartment, requiring
more energy and time to cool down the participant area. This result is supported by Kilic et al., [20],
which utilize a proportion of the cooling system capacity ranging from 18% to 31% to lessen the load
caused by the direct input of solar radiation.

3.3 Relation between Velocity and Temperature

In this study, the thermal comfort level was analyzed through velocity and temperature
measurements. In general, the level of thermal comfort is at its best position when the velocity is
high, and the temperature is lowest. Figure 5 is showing the relationship between velocity and
temperature at every outlet’s pair during the measurements. From Figure 5, there is a significant
trend for outlets 1 and 11 in which the temperature is high due to the air velocity being low. Air
velocity is a significant element in transferring cooled air throughout the air-conditioning ducting
within the bus. When the air velocity supply to the outlet is poor, the cooled air cannot efficiently
reach the outlet, and the infected area does not achieve the desired cooling capacity. The air velocity
performance might be improved by using an effective ducting design with minimal pathway
obstruction and a smooth surface, as well as having enough power on the evaporator blower.
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Fig. 5. Relationship between outlets velocity and temperature

Outlet 5 which is located nearest to the blower and received the most air velocity has no problem
providing the desired temperature. Even though the air velocity observed at outputs 2 and 10 is low,
it manages to produce lower temperatures. This occurs when the angled ducting design obstructs
airflow to both exits. The cooled air then accumulated in the area, forcing the majority of it to travel
in a direction parallel to outlets 2 and 10. This phenomenon results in a decreased velocity and a
lesser quantity of cooled air supply at the remaining outlet.

4. Conclusions

There are several approaches to evaluating the thermal comfort of a shuttle bus. Thermal comfort
was determined in this experiment by examining the air velocity and temperature through the air-
conditioning outlets. Due to the design of the air-conditioning system, the middle seat section of the
bus received the maximum air velocity and the lowest temperature. These advantages are aided by
the evaporator blower, which is placed near outlet 5 and neighbouring outlets. Because of the
angular ducting design, which obstructs the airflow, outlets 1 and 11 at the end of the air-conditioning
ducting received a poor cooled air supply. Further research on the external parameters that impact
thermal comforts, such as passenger occupancy, ambient temperature, inner compartment design,
varied air-conditioning speeds, and bus speed, can be added to this study in the future.
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