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A Comprehensive Understanding of Airflow in
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Abstract: Bus is a Major mode of transport in India and the
passenger safety is significant during the travel. This
Comprehensive comprehension on the literatures available
discusses various parameters used to improve the Vehicle Design,
Safety, Fuel Efficiency and decrease in drag of the vehicle. The
outcomes obtained from CFD investigation is tabulated, and the
exploratory outcomes obtained from aerodynamic tests are
contrasted and numerical examination and the outcomes are
additionally incorporated. The impact of temperature and the
wind stream is likewise considered in this investigation. Various
kinds of ventilations given in the transport vehicles are recorded,
and the outcomes acquired from the various configurations in the
structure is considered for opening and closing of Windows
(Combination of windows). The cooling air inside the transport
straightforwardly relies upon the outside climate condition. By
overhauling the current vehicle transport model, the
eco-friendliness will be improved and the drag power will be
diminished.

Keywords: Drag force, CFD Analysis, Wind Tunnel Test,
Vehicle Design, Fuel Efficiency.

I. INTRODUCTION

In this paper, from the inferences of available literature on
wind tunnel examination, and Computational techniques, a
better design optimization for bus is considered for analysis of
the framework of the vehicle, since the bus mode of transport
is a significant method of transport in India by an average
citizen. The wind effect and cooling impact can be improved
by the Combination of windows opening and shutting that will
put an indispensable job for the uniform wind stream [1], and
inclusion of rooftop [2] in an appropriate position [4] that will
eventually improve the drag characteristics, utilization of air
screened entryways will improve the ventilation inside a
transport [7] and furthermore giving HVAC conduits will
upgrade the cooling impact [8]. The table of review of the
journal papers shows that comfort of traveler will improve by
considering the accompanying parameters. It's smarter to turn
on the AC 15 minutes before travel begins [15]. Research by S
R Kale reveals that Air is entering from uncommon window
and it is moving towards the driver with air speed of one tenth
of vehicle speed and exit from the front window [3].
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Drag power can be diminished by overhauling the vehicle
design, especially in the frontal portion of the vehicle [6] [9]
[10] [12] [13] [14].

J. Petzall et al in their paper have investigated different
body shapes to improve the directional stability; cross breeze
impact was a major issue in Sweden, part of accidents
happened due to this phenomena, they carried out research on
probe distinctive body shapes out of which they proposed that
perfect state of the body incorporates adjusted front face,
adjusted top sides and sharp back corners [5].

Borse S.H et al [20], in their paper worked on the effect of
wind stream inside the vehicle utilizing suspension
framework for compacted air to go about as an option for Air
molding, In the vehicle design, aerodynamics will deal with
drag forces, henceforth, it is necessary to diminish the drag
force on vehicle utilizing cylinder and chamber course of
action to control the vehicular movement.

Ravi Kumar et al [21], have researched on the scroll blower
to enhance the drag force utilizations of cooling frameworks,
in his research work, the current cylinder blower is supplanted
with vitality proficient parchment blower; by utilizing this
framework model, the weight on vehicle is decreased by 200
N, power utilization is decreased upto 0.4 kW, bringing about
the eco-friendliness of the vehicle and improving the mileage
by 0.5 kmpl. And furthermore the design helps in decrease of
CO2 discharge. The yearly saving in the money on fuel cost of
Rs. 6060 approx. is achieved for a mileage of 2500
kilometres.

Md Shahid Imam et al [22], have concluded that the
pressure proportion diminishes with the expansion of
refrigerant charge and evaporator air-side temperature
increments with the expansion of condenser water
temperature. The difference in blower Volumetric effective is
inverse to that of pressure proportion.

Terry J. Hendricks et al [23], exhibited ability to foresee
transient framework weights and Temperatures, mass stream
rates, stream quality and stream system conditions, transient
blower power, transient evaporator and condenser heat
dissipation, and transient thermal conditions during the
normal vehicle drive cycle conditions.

R. Farrington et al [30] have concluded that the cooling
framework is the single biggest load on a vehicle that
enhances the performance of the vehicle. Current cooling
frameworks decrease the mileage of customary vehicles, in
this manner steady enhancements can have a huge close term
advantage as a result of the huge humber of new automobiles
sold every year. For high efficiency vehicles, current cooling
frameworks have a totally inadmissible effect on mileage
necessitating the need for
development of new systems.
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Thus, new researches are directed on an air stream test for
the scaled brought down transport model, finding the speed
appropriation and weight around the transport model.
Utilizing that information, it is easy to determine the drag
power and drag coefficient [18], the outcomes are approved
by numerical connection. The exploratory outcome shows
that weight achieves a most extreme incentive in the
stagnation point over the middle area plane in its parallel
planes; the weight drops pointedly at the front edge of the
upper surface and further, it is somewhat expanded the
downstream way [26]. The CFD and test results are thought
about for the approval [29]. Eco-friendliness and mileage of
the vehicle will improve by diminishing the drag.

Il. METHODOLOGY

The practice for designing of passenger bus is very
important to achieve safety and comfort of the passenger, the
vehicle is subjected to various kind of loading condition such
as stress, vibration and noise in different components. Author
designed a Bus body with aluminium material, conducted
FEA to find out the frequency, and they designed new
structures with the aluminium material, frequency analysis is
carried out on the model. They observed that 43.5% overall
stress can be reduced with the altered one [12].

Prithiv Johan et al [1] have considered Non Air conditioned
bus with 12 windows, they conducted experiential
investigation, by opening all windows and found that the drag
forces are greater, however by closing two windows the
results are found to be optimized.

Further, they conducted CFD analysis with different
combination of windows open, to achieve the optimum air
flow, and concluded that six windows can be eliminated with
3% reduction in air velocity. With this windows area can be
eliminated.

Roberto de Lieto Vollaro [7] bhave carried out
investigations on climate conditions inside a city bus,
conducted both numerical method and experimental
investigation inside a bus at two different heights, one is at the
siting position and another one is at standing position,
temperature and air speed at two different location are closely
matching. Author suggested to use air screened doors and
windows for the better ventilation inside a bus, particularly in
the traffic signals, bus stops etc.

Swapnil Khatavkar [11] have designed a bus body with
aluminium material, conducted FEA to find out the frequency,
and they designed new structures with the aluminium
material, frequency analysis is carried out the model. They
observed that 43.5% overall Stress can be reduced with the
altered one.

Ramesh Kumar. A et al [28] have worked on the numerical
study of the temperature field and air flow inside a
passenger’s cabin with different parameters using
computational fluid dynamics (CFD) method. The main goal
is to investigate the distribution of temperature and air flow
with various parameters inside the passenger compartment in
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the steady-state conditions.

Kai Shen et al [24] have accomplished the task of analysis
of flow field and have concluded that the rear engine cabin of
the passenger car is much more complicated than the frontal
cabin, the error is very lager if a typical 1D model is used in
front engine cabin to simulate the cooling system. The Studies
show that only the one-dimensional and three-dimensional
coupling calculation method could make the results of the
calculation of rear engine bus cooling system more accurate
and it is much more suitable for engineering development and
application.

Table 1. Methodologies to improve the comfort zone

Different Parameters used to Reference
Researcher improve the
. Number
comfort zone in a bus
Prithiv John et Comblpatloq of windows opening
al and closing will improve the comfort 1
of passenger
. Providing roof vent comfort is
Vignesh S et al improved by 131%. 2
Roberto de Use of Air screened doors at different
. . 7
Lieto Vollaro location
Wei Yang etal | Providing proper duct inside the bus 8
In summer condition, AC (Air
Saban Unal Conditioner) needs to start at least 15 15
minutes before traveling time.
Ali. Aliahmadi | Use of Heated Manikins in the coach 19
etal will improve the comfort.
Use of compressed air from
Borse S.Hetal | suspension to act as alternate for Air 20
Conditioner.
Use of air supply diffusers and air
N. E. A. Shafie return grills at front side of bus to 25
etal reduce the contaminants inside the
bus.
K.C. Nikam et _Su_gges?ed use of open WI!‘IdOV\{S
al inside city for lower velocity will 27
improve the comfort.

I1l. RESULTS AND DISCUSSIONS

In a bus coach the comfort, drag force reduction and Fuel
efficiency is improved by redesigning the existing bus model,
Start the engine at least twenty minutes before starting the
journey, so that air-circulation is uniform and comfort is
improved, by reducing the drag force the fuel efficiency can
improve drastically, the following diagram shows the drag
reduction and fuel efficiency details based on literature
summary.

From the figures 1 and 2, we conclude that fuel efficiency
will improve from 4% to 23% depending upon the vehicle
design and also by avoiding the cross wind effect.
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Figure 1. Drag Reduction chart

Fuel Savings chart
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Figure 2. Fuel saving chart

IV. CONCLUSIONS

After reviewing several research journals, the following

points are concluded.

> Drag force will reduce by redesigning on the vehicle
body, and also by avoiding cross wind effect, fuel
efficiency and comfort of a passenger will improve.

> For better ventilation and comfort of passenger, switch
on the AC before Ten Minutes from the Journey time.

» Fuel efficiency of the vehicle will improve by reducing
the drag force.

» By adopting the different parameters mentioned in the
introduction the ventilation inside the coach will
improve and also passenger comfort will improve.

» Numerical results and experimental results are almost
close in some of the journal paper.
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