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Air circulation plays a vital role in the comfort of passengers in a bus, being a non-AC bus without any
aid from the air conditioning system. The circulation of air is utterly dependent on the design of the bus
and the natural flow of air. However, optimize the flow of air inside the bus, a study on the design of the
bus is needed. In this regard, experimental work was carried out to achieve uniform airflow by
redesigning the coach into an aerodynamic shape. The openings are provided at the leading edge of the
bus to evaluate the best possibility for air to circulate in the bus. Three openings were provided at the

Keywords:
A,-ryc,-rculmon leading edge of the bus, the first and second openings were mere openings, and the third opening was
CFD Analysis fitted with a roof vent providing three different geometric patterns to airflow. The initial boundary
Non-AC Bus conditions were developed by considering that all windows and doors of the bus are closed. The scaling
Wind Tunnel Test ratio of 1:20 was considered for modeling the bus. The experiments were conducted in the wind tunnel
test rig. It was observed from the experimentation that the velocity of the air was considered to be the
most influential parameter for the optimal air circulation. The velocities of 21.96 m/s and 22.68 m/s
were obtained inside bus. The obtained experimental velocities were validated with results obtained by
the Computational Fluid Dynamics (CFD). It was observed that a deviation of 5% for the given velocity
of 20 m/s.
doi: 10.5829/ije.2022.35.03c.10
NOMENCLATURE
v Velocity of air (m/s) Acceleration due to gravity ( m/s?)
Y Density (kg/m®) P air Density of air (kg/m°)
Ah Manometer height (m) (Final — Initial)

1. INTRODUCTION

The non-AC bus is a major mode of transport in
developing countries. During the journey passengers,
comfort plays a vital role by Niranjan et al. [1]. The
uneven airflow inside a non-AC bus may cause
discomfort on the passenger. Kanekar et al. [2] stated the
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passenger's comfort will be improved by redesigning the
existing structure of a bus. Drag force is the resistance
offered by air against a moving object and which can be
reduced with a small modification in the external
geometry. Patidar et al. [3] experimented on an existing
and modified bus model and proved a low drag
coefficient. Norwazan et al. [4] states that reduction in
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the fuel consumption and efficiency of the vehicle is
determined by aerodynamic drag and coefficient of lift.
Petzalla et al. [5] experimented on sedan-type vehicles
with different vehicle geometrical features such as hood
angle, rear angle, screen angle, and corner radius. They
conclude the use of rear screen angle can reduce that
drag. The crashes are happening due to the crosswind
effect, a severe problem in some countries. The body's
ideal shape suggests that a rounded front face, rounded.
topsides, and sharp rear corners improve directional
stability. Vollaro [6] stated the use of air screen doors and
windows will improve the ventilation in non-AC buses
during traffic signals and bus stops. During hot sunny
days, the airflow inside a coach is an important aspect.
Aliahmadipour et al. [7] explored the temperature and
velocity distribution inside the coach. Heated manikins
were used to study the temperature distribution with the
passenger sitting and sleeping positions.

Shen et al. [8] found that the slight modification in the
existing coach results in better passenger comfort.
Rodrigues et al. [9] conducted an aerodynamic study and
explored that changing small dimensions in the geometry
reduces the drag and fuel consumption up to 20% and
10%, respectively.

The CFD analysis for a three-dimensional bus coach
was carried out using ANSYS software, and the results
are within the acceptable limit [10, 11]. Niranjana et al.
[12] numerically analysed Ashok Leyland MTX Micra
28-seater on different types of boundary conditions and
estimated the drag force would reduce to 0.67 by
redesigning the bus structure.

Kale et al. [13] experimented on a non-AC bus,
during the journey, the air enters from a rare window and
moves towards the driver in a, and the velocity of air is
almost one-tenth of the bus speed. They were opening the
alternative window found to improve the air circulation
in a non-AC-bus, increasing the passenger comfort [14,
15]. An experimental investigation was conducted on a
scaled bus model in a wind tunnel test by placing the bus
model exactly in the centre. The readings of drag and
velocities were measured inside the bus [16, 17].
Niranjan et al. [18] provided a proper duct system that
enhances passengers' comfort by the uniform airflow
inside a non-AC bus. The amount of air required to cool
the non-AC bus is the algebraic sum of heat generated
from the glass, roof, passenger and engine loads are
considered while designing a proper duct system and the
cross-section of the duct by Fayazbakhsh and Bahrami
[19]. Mathematical modelling of flow over surfaces was
studied using CFD [20, 21]. Rahate et al. [22] designed
an air distribution system for operation theatre using flow
visualization techniques to improve flow characteristics.
Kumar et al. [23] carried out an experimental study on
flow characteristics around twin wind blades.

This work aims to create a uniform airflow in non-AC
buses by providing adequate inlets near the front and top

of the bus. The main issue in the existing public
transportation system in developing and underdeveloped
countries is achieving uniform airflow inside a non-AC
bus. The bus will generally be completely filled during
peak travel hours, with no available seats. The person in
the window seat will experience a high flow of air and
close the window to avoid it, causing the person standing
in the aisle to suffocate.

The main objective of this work is to reach uniform
airflow inside a non-AC bus system by redesigning the
bus structure, modelling and fabricating a scaled bus
model, and experimenting with and numerically
simulating the scaled bus model.

2. MATERIALS AND METHODOLOGY

This work attempts to achieve uniform airflow inside the
non-AC bus coach by providing proper openings at three
levels, like two openings in the front and one in the bus's
rooftop. 3-D model of passenger vehicle (bus) was
developed by SOLIDWORK software as shown in
Figure 1 with the dimensions of 350 mm in length and
105 mm in width and height, respectively. The topology
of the fluid flow zone of interest was defined with the
help of Computer-Aided Design (CAD) software. It was
an essential aspect of the design and optimization
process.

2. 1. Experimentation A scaled MiTR non-AC
bus model of 1:20 for experimental analysis is fabricated
using a transparent acrylic sheet of thickness 6mm, as
shown in Figure 2. Acrylic is a translucent synthetic
material with excellent strength, stiffness and optical
clarity. In contrast to many other transparent plastics,
they possess superior weathering properties. Table 1
shows material property of acrylic sheet used to construct
the bus model.

A scaled bus model is placed at the centre of the wind
tunnel to measure the velocity. The provision is provided
to measure the bus's velocity at three different positions,
one is at the front of the first seat, the second in the middle

Figure 1. 1:20 Scaled model of non-AC bus
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(b) Top view
Figure 2. The scaled model of bus

TABLE 1. Material properties of acrylic sheet

Tensile Flexural Light Water Density
Strength  Modulus Transmission Absorption  (g/cm®)
(MPa) (MPa)

75 115 >92% 0.2% 1.19

of the bus, and the last is provided in front of the last seat.
The velocity port can be adjusted between the seats as
shown in Figure 2b.

Wind tunnel test facility (600 x 600 x 2000) mm. is
used for measuring the airflow inside a non-AC bus. The
wind tunnel capacity of airflow is up to 45 m/s, and the
setup has a facility for drag, lift, smoke and velocity tests,
as shown in Figure 3. After repeated initial readings, the
maximum error was noticed around 0.5%.

Recalibration and testing of wind gauges is done in
wind tunnels. It usually contains a variety of settings for
testing objects or recalibrating wind gauges in various
wind speeds. The object or wind gauge will not be
destroyed while in use, and the wind gauge will be able

Figure 3. Wind tunnel test rig with scaled bus model

to measure the wind precisely and correctly both
outdoors and indoors. This investigation concentrates on
velocity distribution inside a non-AC bus. The test wind
velocity can be set by adjusting the Pitot tube at the centre
of the test area by using a lever mechanism. Initial
readings in the static manometer are to be noted and then
successive readings are noted to set the machine's RPM
to conduct the experiment. The difference between initial
and final readings will give a height. From Equation (1),
the velocity at the inlet of the test chamber is calculated.

Once the required velocity of the machine is attained,
and the machine's initial setup is done. The scaled bus
model is placed exactly at the centre of the test chamber
in a wind tunnel. The machine is run at 850 and 1015
RPM, respectively, to achieve the required velocity of
20m/s and 25m/s (considering the Indian driving cycle
for ergonomic study for heavy passenger vehicles).
Further, the manometer readings before starting the
machine and later the successive readings at three
different positions are noted. The initial and final reading
difference gives the required height, and substituting in
Equation (1), the velocity is calculated at the three
different levels.

2pgAh
= ’_ 1
4 Pair ( )

Initial readings in the multibank manometer are
measured, and it found to be 19.4cm. The final readings
at three different positions are measured and tabulated in
Table 2.

2. 2. Boundary Conditions The experimental
analysis is carried for two different velocities through the
inlet region for 20m/s and 25m/s, respectively. The
Numerical analysis is carried out with a velocity of
20m/s. Only the inlets ports are kept open and all other
openings (windows, doors) of the bus are kept closed.

TABLE 2. Multibank manometer readings for the five different
cases

1 850 215 21.3 21.3
1015 225 225 22.3
2 850 22.2 22.4 22.4
1015 235 24 24
3 850 20.5 235 23.6
1015 22 25 25.5
4 850 233 23.6 23.4
1015 25 25.4 25.2
5 850 21.5 21.7 21.8
1015 24.6 24.9 24.8
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The computational domain surrounds the Inflow and
outflow borders. Aside from symmetry and solid walls, it
is assumed that the velocity distribution is uniform at the
inflow and pressure is assumed to be zero-gradient at the
outflow. Table 3 indicates the assumed conditions and
equations for the numerical analysis. There are four
parameters for the convergence pressure, temperature,
momentum and turbulence. 10-6 for K- ¢ and 10-4 for
pressure, velocity and temperature.

3. RESULTS AND DISCUSSION

3. 1. Experimental Investigation This section
discusses the detailed results of a successful trial of wind
tunnel test for airflow in the non-AC bus. In the first trial,
the machine is kept at the height of 7.9 cm and run at
700rpm speed, and later machine ends with the same
speed with a height of 9.5 cm. Substituting these readings
in Equation (1), we noticed that velocity is 16 m/s. But
the required velocity to conduct a test on the scaled bus
model is 20m/s and 25m/s. To achieve the target, the
speed of the machine is increased from 700 to 800rpm.
Thus, obtained velocity is found to be 19.2 m/s. After
several successive trials, it is noticed that if the machine
runs at 850rpm and 1015rpm, the velocity is found to be
20m/s and 25m/s, respectively.

After setting the standard experimental set up the
specimen is placed at the chamber's centre. Figure 4
represents the position of slots at three different test
cases, respectively. In case 1, the openings are provided
only in the first slot of the front end. And all other regions
are closed. In case 2, the openings provided only on the
roof vent outside, and all other slots are closed. In case 3,
the openings provided only in the top slot and all other

TABLE 3. Appendix
Type Explanation

Governing
Equation

Navier stoke equation
e  Pressure-momentum
e Mass conservation
e  Continuity viscosity
e K- ¢ equation
D a
pD—1:= p(a—z+u.Vu) =
vp+ ¥ {u (Vu+ (vu)T - 2(v.w)1) +
(VWi +pg

It is running at atmospheric pressure
condition ie normal temperature and pressure

Initial Condition

(NTP).
Boundary At inlet velocity, outlet- zero pressure and
Condition walls — Adiabatic

Assumptions The velocity near the entire setup remains
constant. There is no variation in the property

of fluid and temperature.

() Iop Siot/ Roof Vent

(b) Second Slot

(a) First Slot

Figure 4. Scaled bus model with different test cases

slots are closed. Case 4 illustrates the outlets provided
only inside the roof vent and all other slots closed. In case
5, the openings are provided only in the second slot of the
frontend and all other slots are closed. The value of the
velocity of the air flow in the bus for all five different
cases is tabulated in Table 4.

It is found that out of all five cases result, the case five
results show that the air's velocity is uniform in the non-
AC bus coach.

Based on the experimental results, Figures 5a to 5e
are plotted to explain the input and output velocity at
three different positions.

From Figures 5a and 5b, it is observed that velocity is
not uniform. Since air entered in Figure 5a is hitting the
passenger's foot, air will be diverted non-uniformly, and
from Figures 5b and 5c, it is observed that the air entered
from the roof vent will not pass to the driver and few
passengers sitting next to the driver. Hence the uniform
air circulation is not found. Figures 5d and 5e explore that
air velocity is found to be uniform in all three positions,
which is due to air entering from the front end and in the

TABLE 4. Velocity of air at different position
Velocity ~ Velocity  Velocity

Input at at at
Cases RPM Vi:]k;g/l;[y quition Pc_)sition Pc_)sition
linm/s 2inm/s 3inm/s
Case 1 850 20 18.37 17.48 17.48
1015 25 22.32 22.32 21.59
Case 2 850 20 15 26.6 26.9
1015 25 21.59 30.8 32.08
Case 3 850 20 25.98 26.9 26.29
1015 25 30.8 31.83 31.32
Case 4 850 20 19.64 20.44 20.83
1015 25 29.74 30.54 30.27
Case 5 850 20 21.96 22.68 22.68
1015 25 26.3 27.78 27.78
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Figure 5. Velocity distribution curve

appropriate height of the sitting position of passengers.
Hence, we can conclude that obstacles for airflow are
comparatively less in case of Figure 5e.

3. 2. CFD Analysis The CFD analysis for case 5
(opening in the front and all other regions are closed) is
considered, as this case results are better among the
different test cases. The discretization of a scaled non-AC
bus model is as shown in Figure 6.

The three-dimensional tetra mesh and 779151
elements are used for the analysis. The quality
parameters like aspect ratio, Jacobian, minimum and
maximum angle, skew angle and warpage are maintained
during the discretization process. Assign an inlet, outlet,
body, side and top as different layers in the bus, and these
files are imported on a three-dimensional layout with the
ANSYS Fluent CFD code in a staggered grid system.

Figure 6. Meshed model of the bus
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The governing equations are solved using the finite-
volume approach, and the turbulence effect is analyzed
with an equation k-¢ model.

The CFD analysis is carried out using ANSYS Fluent
16.0 software, and velocity is measured at different
regions. The input velocity of 20m/s is assigned in the
front slot of the bus, as shown in Figure 7a. Figure 7b

4
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Figure 7. CFD results using ANSYSS fluent software

explores that air velocity is 21m/s in front of first row
chairs of the bus, and the velocity is 15m/s in the middle
of the aisle, as shown in Figure 7c. Finally, it is found that
the outlet velocity is measured to be 22m/s, as depicted
in Figure 7d. The recirculation of air near the inlet and
outlet results in vertex formation, which increases the
velocity slightly, as shown in Figures 7b and 7d.

Table 5 represents the comparison results of
experimental and CFD analysis. It is found that the
velocity at the front and rear end match with CFD
analysis results, and velocity at the middle of the aisle is
comparatively less, which is due to obstacles in the bus.

Figure 8 represents the experimental and numerical
method results. The velocity at three different positions
is shown.

Table 6 represents the number of iterations conducted
for the CFD analysis. As the number of elements is
increased, the velocity at position one inside the bus is
decreased, and at some iterations, the value of velocity is
closely matching hence convergence is achieved. The
values are plotted in Figure 9. In order to reduce the
computational time for the numerical analysis 779151
elements were considered for the study.

TABLE 5. Comparison results between experimental and
numerical methods

Input Velocity of Experimental Results Numerical
20 m/s inm/s Results in m/s
In front of first seat 21.96 21
Middle of aisle 22.68 15

Near last seat 22.68 22

Comparision graph
21.96 22.68 22.68
21 22

15

Near last seat
Numerical results

In front of first seat  Middle of aisle
e Experimental results

Figure 8. CFD and experimental results comparison

TABLE 6: Analysis iteration
SI No Number of Elements  Velocity at Position 1 in m/s

1 10000 41.6
2 100000 35.2
3 300000 29.4
4 500000 24.6
5 790000 21
6 900000 20.8
7 110000 21.04
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Change in velocity in m/s

10000 100000 300000 500000 779000 900000 110000
Number of elements
Figure 9. Mesh independency (Convergence criteria)

4. CONCLUSION

An experimental investigation of uniform airflow for a
scaled MIiTR non-AC bus model of 1:20 has been
conducted. The bus model is fabricated using transparent
acrylic sheet of thickness 6mm. The numerical
simulation of uniform airflow for the test model is
performed using CFD. The major outcome of the study
reveals that the velocity distribution curve is uniform in
the case 5 test condition and the numerical and
experimental results are in close agreement with a
deviation of less than 5%.
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