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Design of a Compressed Air Vehicle
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_Abstract: Smart mobility solutions aid the growth of smart Battery electric engines, Fuel cell engines and Hybrid electric
cities by creating a better quality of lifend reducing its  engines are other alternatives that are in development. These
e.nv'ronmemal foqtprmt. Emissions from .petrOL and a r eperinanent solutions to the problem of pollution just
diesetpowered vehicles are a major contributor to the t it | suring th f electricit fi
deterioration of air quality around the world. In addition to this, ransitional one urln_g ) e processof € e_C ricity genera Ior_1,
rising fuel prices continue to take a heavy toll on the pockefs there are ca_rbon em|85|ons,.water pqllutlon and soil ppllutlon
the working class. A favourable countermeasure to thisdue to the improper handling or disposal of batteries etc.
predicament is the fabrication of a vehicle that takes advantaggCompressed aiethnology has various advantages over the
of the earthos most abundan jpovenfehtioledénginedad iaif B used asafiiel, &nd §Hed Y
source. The compressed air vehicle is an doendly vehicle  oya st s also aiin this casepollution only occurs while
which works onair. This research work aims at designing a . ) .

L ! ) - generating the compressed air. At present, compressed air is
cheaper, more efficient and aesthetically appealing automoblleg i ) . N
while efficiently running on this renewable energy. The car used In'vehICIeBJ' boost the inifl torque. Turbo Charglr?g' 1S )
model has been designed using the software solid works an@ technique thatis used to enhance the power and efficiencies
tested on ANSYS workbench folved by rigorous trials to ensure of automotive engines that run purely on compressed air.
its optimal performance and safety. The designed can reach ~ Andrew Papson eal. (2010) has studiedthe potential
speeo_ls ranging from mq km/h \_/vhlle |_oe|ng ecdriendly and performance of compressed air vehicles with regaods
sustainaple at the same time. This vehicle can be used for shojl, .o neters such as driving range, carbon footprint, fuel
distance applications such as dalarts, mall taxis etc. fuel t d ektigei tibilit
Keywords: Compressed air, Renewable energyehicle, economy, uel Costs and ass ) Ir compalibility as an .
SolidWorks, ANSYS alternative mode of transportation to petrol and electric
vehicles. Analysis of the vehicles revolves around energy
I. INTRODUCTION density of compressedair, thermodynamic losses of

expansion, compressed air vehicle efficiency. The study

The first vehicle that ran on compressed air was built Ighows that althouah the compressed air vehicle is an
France by Louis Mekarski, a Polish engineer in 1870. It was 9 b

patented in 1872 and 1873 atebting was conducted in unorthodox convincing solution to meet the transportation

Paris in 1876. The concept of this engine was to use t geds of today, it is not very efficient and needs further

) . . evelopment to be considered for everyday use. Vishwajeet
energy stored in compressed air to increase the gas enth PrY h (2017pimed to convert a 180C 4-stroke engine to a
of hot water, when passed through hot water. In 199 9 9

) o - stroke engine that could run with the energy of the air
Armando Regusci a scientist from Uruguay constructed . . o
: . %ored in the compressed air tanks. Sevaraflifications
four-wheeler powered by a pneumatic engine that went 1were made to the e such as timing aear of the cam shaft
kilometres on a single tank. The founder of the Luxembou 9 g9 '

r e .

based MDI group and &1 engineer Guy Negre developedfrllet.naeniicvjljv: r’tr:mdlr:‘sli KEE 2::10;;:; ?I?zs thl (;y mzttje 0

the AAir Car o which is a veghlcll PR un . 0 Y% mpr e

: : . L . opened and closed at every 180° revolution of the crank shatft.

air engine.Pure air which &vailable in abundance can be .
.~ L They were successfully able to conviré 4stroke engine

cheaply and efficiently be compressed making it one of the

. . . . Into 2-strokeenginewith thegiven modificationsShubham
prime options to eradicate pollution. All attempts made so f . .
. umar et al (2017) during their research were able to
have been to reduce pollution.

perform an indepth analysis of the performance of the
compressed air engine in each gear. They found out that the
speedof the engine is directly proportional to the pressure.
Furthermore,they were able to achieve an exhaust gas
temperature between Z5°C which is an added advantage
considering the effects of IC engines on global warming.

Revised Manuscript Received oMovember13, 2019. Manjunath B. A. etl. (2017)stwlied about the design and
Sampath Suranjn, School of Engineering and IT, Manipal Academy of S . . . .
Higher Education, Dubai Campus, UAE fabrication of a three wheeled air driven vehicle. They aimed

Jason Valladares,Carsan Mario Pereira, Achyut Shaju Sreedharan, Neto harness the potential of compressed air as an energy

Sabin,School of Engineering and IT, Manipal Academy of Higher Educatio : : :
Dubai Campus, UAE "source. A piston type compressed air engine was used. Tests

Sachidananda H K, Corresponding author, School of Engineering and ITWere performed at different open positions of thigesgfull,
Manipal Academy of Higher Education, Dubai Campus, UAE three quarters and half) to
determine the ideal position for

compressed air to enter th
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engine. Post assessment they were able to conclude that ofdtivated charcoal for saving energy. It concludes that the
three valve open positions, optimal power was generated@AV is an ecefriendly, easy to dve and cheap alternative,
thefully open position. Also, theéme taken by the vehicle to but its speed and mileage is limited but could be improved
coverl0meters was the least for this position of the valve. with further research. Saurabh Pathak et @014)
Purushothaman at. (2017) in their design and developmentresearched on the benefits and short comings of using
focused on getting a perfect valve position timing so th@ineumatic vehicle as a permanent solution in replacing
there is no loss of pressure in the cyndand thereby combustiom engines. At the end of their research they were
improving the efficiency. They did modifications to theable to conclude that a vaned novel air turbine could be used
engine by modifying the cycle time of the cam follower. Withas the losses were minimal and efficiency between -B2%

this they were able to achieve a top speed of 30 kivillan  Mihai Simon (2017) aimed to use electrical energy to
Wei-Wang etal. (2014) studied the applications of pistoncompress nitrogen gas in cylindéhat would in turn drive
type compressed air engines in motor vehicles. A C@4 the mechanism. By heating nitrogen in an atmospheric heat
stroke IC engine was converted int@-&trokeengine that exchanger and absorbing heat from outside air and using the
could run on compressed air. The air pressure and intghessurised air to drive the engine. Tank of280litre
valve timings werevaried, and the different power outputs capacity was used at 10 bar pressure. The principlimde
compared. This engine wagdéid on a motorcycle which was this project was to transform the surplus electrical energy
able to reach a top speed of 38.2 km/h fds-kilometre generated from solar and wind power into compressed
range. One of the drawbacks of this project was the limitedtrogen gas. After testing thvehicles,it was found to reach
range making it a feasible option only for vehicles that cover maximum velocity of 60 km/vhen running at goptimal

short distances such as golf carts and ATMsextend the speed of 43 km/the vehicle covere@8150m.

range it must be paired with a standard IC engine. S.S VermR&on K. L. etal. (2016) fabricated a compressed air bike. A
(2013) in his research used compressed air stored in tanksuidine was used to produce mechanical work by using the
drive a reciprocating system. They clainikdt theirengine energy from compressed air. The turbine shaft was connected
developed hasan efficiency of up to 90% which is tothe rear wheel via a gear arrangement to marmsotion.
significantly more than IC engines.Hemant Kumar Nayak o maintain a constant pressure and volume of compressed
al. (2013) studied and compared the properties of air, a shock absorber and air pressure amplifier were attached
compressed air vehicle to a regular gasoline powered vehitdethe air storage tank. This is turn improved the overall
and battery electric vehicle. They concluded that compressefficiency of the bike.

air vehicles as well as batteryeetric vehicles aremore

efficient and ecdriendlier than fuel engines. For efficiency Il. METHODOLOGY

gnd power, the compressed air engine has the gpper ha“‘%ﬁé chassis of the compredsar vehicle has been modelled
it can be paired with a gasoline powered engine. Devar&ging SolidWorks 2017. The suspension has been modelled

Marvania etal. (201,6) discussd ab.out.the need foair _using Creo 5.0. The analsyis has been perfomed using
powered technology in the automotive industry. The outlmlg,\ISYS 16.0 in order to check if the vehicle is safe and
of a compressed air powered system is explained a long W'g{éble_

its implementation and how it measures up to other

technologies. Thegoncludedthat compressed air vehicles lIl. DESIGN OF CHASSISAND SUSPENSION
have a relatively lowerange and higher cost of driving

compared to gasoline and electric vehicles. A pneumafiddure 1 shows th&D model of the chassis which was
hybrid was proposed as a more practical alternative for loféeated using SolidWorks, Figure 2 and figure 3 shows the
distance applications. However, this technology would suiear suspension and front suspension modelled using Creo.
situations that require short range and lowesiseLin Liu et

al. (2007)investigatedhe practicality of vehicles powered by
compressed air and liquid nitrogen. Fuel economy, energy
density, safety etc. were evaluated based on experimental
data and a thermodynamic analysis. The energy density of
liquid nitrogen and compressed air were found to be similar.
From this study, it was inferred that although compressed air
engines are inferior to IC engines and require large storage
tanks, they have a better overall efficiency and can be a
reasonable optioif developed as a hybrid.

Pokala Saiprasanna Kumar et. dR017) proposg a
compressed air vehicle which runs on a pneumatic motor.
They have chosen a vehicle driven thyee wheels and
comparison is made betwedifferent arrangement of the
wheels. At theend of the research the scope of improvement
is the usage of heat exchangers to combat the temperature
differences during expansion and compression and usage of
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Fig. 2 RearSuspension Fig3 Front Suspension

0.00 400.00 800.00 (mm)

IV. CHASSISANALYSIS Py e

The chassis analysis has been performed using ANSYS 16.0. Fig. 5 Total Deformation
A front impact test was performed by applying a force
138.88 N. This force was calculated considering the massy
the vehicle to be 250 Kg and the acceleration was calcul
based onhe desired velocity and the tntaken to achieve o
this. Fig.4 shows the front impact test, from this figure it i s
observed that the blue portions on the sketch represent fines:
fixed supports, whereas the red portion shows the place

which the load is apjdd. Fig. 5 shows the total deformation
during the front impact test of the vehicle. From this figure it
is observed that the maximum deformation was 0.0881 mm

a 400.00 800.00 (mm)
and it was observed at the front portion of the chassis. From 20 @000
this it is observed that the defioation was very small ah
hence it is negligible. Figs shows the equivalent elastic Fig. 6. Equivalent Elastic Strain

strain and from this figure it is observed that the maximupm
elastic strain was 0.000115 and it was observed at the
corner of the chassis. From this it can be coreduthat the
elastic strain was very less@hence can be neglected. Fig. "
and Rg. 8 shows the equivalent stress and the normal strggs:
for the front impact test and from this figure it is observe e
that the maximum stress is 23 0Pa and the normal stees | uas
is 11.49 MPa. The equivalent stress and normal shrags - e
been calculated in order to check the factor of safety. Froi;sue
this it is observed that the factor of safety was greater tha :
and hence the front impact test was safe and Stadpl®. to
Fig. 13 shows the boundary conditions, total deformation,
equivalent stress, equivalent elastic strain and normal stress
for the side impact test. From these figures it is observed that,
the total deformation was 0.935 mm and equivalent stress
was 134.3 MPa. Alsothe elastic strain was 0.00067 an
normal stress was 68.147 MPa. From this it can be conclu
that the deformation was vehgss,and the factor of safety
was greater than one which clearly indicates the side imp
test is safe and stable.

1. Front Impact Test 16,601 Mo

Fig. 8 Normal stress

orce 2: 138.88 N
Force 3: 138,88 N
[ Force 4: 138.88 N

Fig. 4 Front impact Boundary conditions

2. Side Impact Test
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V. SUSPENSION ANALYSIS

The analysis has been done for both the front and rear
suspensions considering a load of 490.5 N. This load was
estmated by considering the mass of the vehicle as 250 Kg
and aceleration due to gravity. Fig.4 shows the boundary
conditions of the front suspension in which one side is held
fixed and the other side is subjectedthe above said load.
Fig. 15 shows theotal deformation in which the maximum
deformation observed was 0.00296 mm whigery less.
Fig. 16 shows the equivalent stress and from this figure it is
observed that maximum equivalent stress was 6.713 MPa
and observed at the damping portion of thealing side. This
clearly shows that the stresses are maximum and are
transmitted from the wheel towards the apportion of the
vehicle. Fig.17 shows the normal stresses and from this
figure it is observed that the maximum mai stress was
1.262 MPa. Fom Fg. 16 and Figl7 it is observed that the
factor of safety was greater than 1 and the front suspension is
safe and can withstand the applied loadAfter the front
suspension, the rear suspension was analysed for the same
parameters andrig. 19 to Fig.23 shows the boundary
conditions, total deformation, equivalent stress, equivalent
elastic strain and normal stresses. The rear suspension also
behaves in a similar fashion to the front suspension and the
factor of safety was greater than 1, which clearly
demonstrates that the suspensianwithstand the applied
load.The results of the analysis as well as the comparison of
total deformation, equivalent stress, equivalent elastic strain,
normal stress and factor of safety for both front and side
impact testas well as front and rear suspensions have been
tabulated in Table 1 and Table 2.

1. Front Suspension

38.88 N
3:138.88N
arce 4: 138.88 N
orce 5: 138.88 N
orce 6:138.88 N
orce 7: 138.88 N
orce 8: 138.88 N
B Force o: 13888 N

Fig. 9 Boundary Conditions for side impact
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g. 13 Normal Stress
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Fig. 15 Total Deformation

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
4/16/2019 10:17 PM
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Fig. 16 Equivalent Stres

A: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 1

4/16/2019 10:17 PM
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Fig. 17 Normal Stress
2. Rear Suspension

A: Static Structural
Normal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System

Time: 1
4/16/2019 10:18 PM
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18 Equivalent Elastic Strain

Fig.

A: Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
4716/2019 10:25 PM
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Fig. 19 Rear Suspension Boundary Conditions
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Fig. 20 Total Deformation

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirme: 1
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Fig. 21 Equivalent Stress

A:Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit mm/mm

Time: 1

416/2019 10:23PM
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Fig. 22 EquivalentElastic Strain

Static Structural
Tirme: 1.5
17-Apr-19 2:29 PM

[&] Fixed Support
[E] Force: 4505 N

Fig. 23 Normal Stress
Table 1. Results for Front and Side Impact Tests

Front Rear
Total Deformation 0.0029668| 0.0028784
(mm)
Equivalent Stress 6.713 6.5894
(MPa)
Equivalent elastic 3.3671 x 3.3088 x
Strain (mm/mm) 10° 10°
Normal Stress (MPa) 1.2629 1.2671
Factor of Safety >1 >1

VI. RESULT AND DISCUSSION

After The Completion Of The Analysis For The Chassis And

Suspensions, Graphs For The Front Impact Test (Fig. 24 To
Fig. 28) And Side Impact Test
(Fig. 29 To Fig. 3) Were
Plotted By Considering Force

(7]
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Ranging From 100 N To 500 N And The Correspondin
Values Of Equivalent Stress, Total Deformation, Norme
Stress And Factor Of Safety. Also, Graphs Have Been Plott
By Comparing Equivalent Stress And Equivalent Elasti
Strain. From These Figures It Is Observed That As The For
Increases, The Equivalent Stress, Normal Stress And Tao
Deformation Increases. Also, With An Increase Ir
Equivalent Stress, There Is An Increase In Equivalent Elas
Strain. However, There I8 Decrease In The Factor Of
Safety As The Applied Force Increases. From All Of Th
Above Parameters It Can Be Clearly Stated That The Chas
And Suspension Is Safe

1. Front Impact Test
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Fig. 24 Equivalent Stress Versus Force
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Table 2 Results for Front andRear Suspensions
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Fig. 26 Total Deformation versus Force
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Fig. 27 Factor of Safety versus Force

400 500 600

and stable.
Front Side
Total
Deformation
(mm)
Equivalent 23.045 134.3
Stress (MPa)
Equivalent 0.0001156| 0.0006772
elastic Strain 4 1
(mm/mm)
Normal 11.496 68.147
Stress (MPa)
Factor of >1 >1
Safety
45
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Fig. 25 Normal Stress verss Force
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Fig. 28 Equivalent Stress versus Equivalent Strain
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. Side Impact Test
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