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ABSTRACT

In today’s civilization the excessive use of hydrocarbon fuels in transport sector is causing serious effect on

environmental damage to the extent of 77.8% due to its tail pipe emission which mainly releases: carbon di-

oxide, carbon mono-oxide, nitrous oxide, and other un-burnt gases contributing to green house gases. The

excessive consumption of hydrocarbon fuel has also led to the danger of depletion of hydrocarbon fuel and oil

wells are likely to be dried around 2047, leaving much disastrous effect like global warming, tsunami, hurricane

and health hazards etc.. This paper describes the compressed air as a clean energy source that can be utilized

with the help of suitable air driven engine to develop shaft work to run the light transport vehicles along with

compressed air storage tank system. A novel rotary air engine has been designed and developed to produce 73-

97% of its performance efficiency. Supplementing the hydrocarbon fueled vehicles with the use of compressed air

for running vehicles will significantly control the emissions and enhance the energy sustainability.

Index Terms :hydrocarbon fuel, environmental damage, tail pipe, green house gases, air as clean energy.

1. INTRODUCTION

G lobal demand of transport vehicles is causing
into a rapid consumption of fossil fuels and causing
fast depletion of the energy resources. Marion King
Hubbert [1], a noted geophysicist applied the
Principles of Geology, Physics and Mathematics in
1956 for the future projection of oil production from
the US reserve base. Hubbert indicated that,
conventional crude-oil production would attain Peak
Oilin 1970 and thereafter start depleting. This may
cause serious threat to mankind within 40 years i.e.
by 1995. This will also affect environment due to
release of huge amount of pollutants in the atmosphere.
Aleklett K. and Campbell C.J., [2] indicated in 2003
that, the world is depleting its resources of oil and gas
at such a rate that this oil production is set to a peak
and begins to decline and wells get dried around 2047.

A study was carried about vehicles populations in
the developing countries like: India, China, Taiwan
etc. In India the data for transport vehicles registered
from 1951 to 2007 is shown in Figure 1.

This data shows that in 2004, the percentage of
population of two wheelers as shown in Fig. 1, in
respect to the total vehicles was around 70-75%,
whereas from the recent report, total vehicle’s
population in Uttar Pradesh, that largest State of India
isaround 10.5 million, out of which 8.2 million is only
two wheeled (Source: Dainik Jagran- Jan’ 2011).
Thus the percentage of two wheelers has increased
from 70% to 82% within 6 years. On other hand,
globally transport sector alone is consuming huge
quantity of hydrocarbon fuel and releasing about
77.8% of air pollutants in the atmosphere.
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Fig.1. Yearwise total registered vehicles in India

Recent study also indicates that in the developing
countries like India, China, Taiwan etc., 80 percentage
pollutants are generated by the motorbikes/two
wheelers driven by internal combustion (1C) engines.
As transport vehiclesare major contributors to tail-
pipe emission, generating around 77.8% air pollutants
such as: Carbon Monoxide (CO), Carbon Dioxide
(CO2) and unburned Hydrocarbon (HC). Thus the
motorbikes/ two wheelers are contributing 50-60%
air pollutants in the atmosphere and is a major player
for global warming. This study also confirms that two
wheelers/motorbike’s IC engines are generating more
than double the pollutants as compared to the
remaining automobiles/ transport vehicles.

In order to reduce the emission and eliminate 50-
60% of the exhausting pollutants, this paper presents
anew concept of an air engine using compressed air
as the potential power source to run motorbikes
inplace of using IC engines. Such motorbikes are
proposed to be equipped with compressed air engines
that transform the compressed air stored energy into
mechanical work.

Compressed air has enormous potential as an
alternative to these issues due to its zero pollutant
capability and for running prime mover like air turbine.
Pioneering work in the area of compressed air engine

has been done by French technologist Guy Negre
[3] and also by an inventor of quasi turbine G. Saint
Hilaire [4]. Use of compressed air as working fluid
offers a prime mover which does not involve
combustion process for producing shaft work. Thus,
great advantages in terms of free availability of air as
fuel and the emissions free from Carbon Dioxide,
Carbon Monoxide and Nitrous Oxides is apparent
from such air motors. Compressed air driven prime
movers are also found to be cost effective compared
to fossil fuel driven engines. It has the perennial
requirement of compressed air which needs electrical
energy for running compressor whose overall analysis
shows that the compressed air system is quite
attractive option for light vehicle applications [5].
Comparative study of emissions due to fossil fuel
consumption with emissions in respect to air engines
relying on compressed air production using electricity
shows that the compressed air engine has less adverse
impact on environment. In case of air engine, there is
only one major source of air pollution i.e. emissions
from power plants which are concentrated at one
location and can be regulated through use of suitable
effluent treatment technologies.

From the author’s earlier study [6,7], the
compressed air driven prime movers are cost effective
as compared to fossil fuel driven engines and may
become a dominant technology in place of the electric,
hydrogen cell and other alternative fueled vehicles
available in the market [8-9]. Some of studies for
performance optimization of the low capacity of air
turbines have also been carried out in the author’s
earlier publications [10-11] and from other authors
[12-14].

2. AIR TURBINE MODEL

A vaned type air turbine as shown in Fig. 1 has

been considered as substitution of engine. This air

turbine works on the reverse of working principle of
vane type compressor. Here total shaft work is
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cumulative effect ofisobaric admissionof compressed
air jeton vanesand the adiab atic expansion of high
pressure air. A prototype of air turbine has been
developedandisfoundtobe f unctional [15-17]. Vanes
of novelair turbine are place d under springloading to
maintain their regular contact with the casingwall to
minimize leakage.

The present objective is to irvestigate the
performance of an air turbine with the variation of
rotor / casing dimensions. The airturbine considered
has capability to yield output of 5.50to 6.80 HP at
4-6 bar air pressure and for speed of 2000-2500
rpm, which s suitable for am otorbike. Acylinder for
the storage of compressed air with aminimum capacity
of storingair for the require ment of30 minrunning at
initial stage and maximumpres sure of 20 bar is used
asasource of compressed air.

3. MATHEMATICAL MODELING

Inthisairturbine the high pressure airat ambient
temperature drives the rotor innovel airturbine due
toboth isobaric admission and adiabatic expansion
asshowninFig. 2. Such high pressure airwhen enters
through the inlet passage, pushes the vane for
producingrotational movement through thisvane and
thereafterair socollected be tween two consecutive
vanes of the rotor is gradually expanded up to exit
passage. Compressedair leavin gthe air turbine after
expansion is sent out from the exit passage. It is
assumed that the scavenging of the rotor is perfect
andthe workinvolved inrecom pression of the residual
air is absent.

From Fig. 3, itis seen that work output isdue to
isobaric admission (E to 1), adiabatic expansion (1
to 4) and steady exit flowwork (4to 5). Thus, total
work done due to thermodynamic process may be
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Fig.3. Thermodynamic processes (isobaric, adiabatic
and isochoric expansion)

[Area under (E145CE)] = [Area under (E1BOE)
+Area under (14AB1) — Area under (4A0D4) +
Steady Flow (45CD4)]

Total Work output = [Thermodynamic expansion
work (w,)] + [Exitsteady flowwork (w,)]

W =n.( /60).[}%}\1“[{ [%ﬁ};@s/@om—(p v o) @

written as: where
W, a N( /80). (%{—cﬂf.—l { {';4 J%
[61]
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Fig. 4. Variable length BG and IH and injection angle ¢

From Fig. 4, it is seen that when two consecutive
vanes at OK and OL moves to position OH and OB,
the extended vane lengths varies from SK to IH and
LM to BG, thus the total power output available
w . canbewritten as [18]:

total !

a
VKM =1’L(N/ 60)(7]{1_(1)4] 4 }pl[L{MM}sm@:l
71 A 4

+n(N/60).(p4_p5),[L,{<&m %ﬁ-(mm)},gne} 2)

where,

V1= Vain =

L.{(lein + XZm:)(d + lein)}.sin 9’
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4. ASSUMPTIONS AND INVESTIGATION
PARAMETERS

Following assumptions and investigation
parameters are taken while analyzing the theoretical
and experimental setup:

e The temperature of compressed air entering
through inlet into rotor and casing space is at
ambient temperature.

¢ \anesare spring loaded and hence leakages across
vane tip and casing liner are ignored.

e Friction between vane tip and casing liner is
ignored.

Various input parameters are considered as shown
in Table-2 for investigation. The effect of speed of
rotation, rotor/casing diameter ratio and injection
pressure on the expansion power output, flow work
output and total power output from air turbine is
studied. Here the vane angle 6, injection angle ¢ and
speed of rotation N of the air turbine are considered
to be constant for whole study. The results obtained
have been plotted in Figs. 5to 8, for the rotor/casing
diameter ratio (d/D), as 0.75 at vane angle of 45°,
injection angle of 60° at different injection pressures
of 2-6 bar (30, 45, 60, 75 and 90 psi) and at the
speed of rotations 500 rpm, 1000 rpm, 1500 rpm,
2000 rpm and 2500 rpm, at casing diameter 100 mm
and rotor diameter 75 mm.

Table 1: Air turbine parameters

Symbols Parameters
EZZ?; to(d/D) 0.75, when casing diameter is kept
ratio g D=100 mm and rotor diameter d=75 mm.

2 bar (?30 psi), 3 bar (?45psi), 4bar
Py (?60psi), 5bar (?75psi), 6bar (?90psi) —
inlet pressures

(vl v, )7 .P, > ps assuming adiabatic
expansion
(p4/1.1)=1.0132 bar- exit pressure

500 rpm, 1000 rpm, 1500 rpm, 2000
rpm, 2500 rpm and 3000 rpm
45 mm length of rotor
minimum)

(360/6) number of vanes in rotor

1.4 for air

45° angle between 2-vanes, (i.e. rotor
contains correspondingly 8 number of
vanes)

¢ 60°, injection angle at which air enters
into turbine.

~ =25

(assumed

SR
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5. RESULTSAND DISCUSSION
5.1 Theoretical Investigations

From the author’s earlier study for investigation of
optimum input parameters, Fig. 5 shows that the
theoretical power at different speed of rotation is
increasing with increase of injection pressure. The rate
of increase of power is higher at higher injection
pressure compared to lower injection pressure. This
can be attributed to the fact that at higher injection
pressures the flow power and the expansion power
is more. Due to higher admission pressure total
amount of air admitted is more and it offers the overall
increase in total power output.
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Fig. 5. Total theretical power output (Wttheo)
vs speed of rotation

5.2 Experimental Investigations

5.2.1 Experimental Test setup : Schematic of
experimental test setup as shown in Fig. 6 consists of
compressor, compressed air storage cylinder, supply
of compressed air through air filter, regulator and
lubricator to air turbine.

/ Load Dial Gauge
Air Pressure Release
"atve

Tank Pressure Gauge /

Safety Valve

R

Filter, Regulator

nryubrimtur

Compressor Unit

Fig. 6. Schematic Test Setup

It has a heavy duty two stage compressor with
suitable air storage tank, air filter, regulator and
lubricator, novel air turbine, rope dynamometer for
validation of theoretical results as shown in Figs.7 (a)
and (b).

(b)
Fig. 7. Actual (a) test rig and (b) air turbine under test

The actual setup of test rig of air engine / turbine
was fabricated and air turbine was tested in the
laboratory. The compressed air is produced by a
heavy duty two stage compressor and stored in a
suitable capacity of air tank to maintain nearly constant
supply pressure of 300 psi. The compressed air is
connected to air filter, regulator and lubricator to
produce desired air pressure for testing. The data is
recorded with various parametric conditions and
performance evaluation of the prototype air turbine is
carried out.
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5.2.2 Experimental Results : Performance
evaluation is conducted on a compressed air driven
vaned type novel air turbine. The comparison of
theoretical total shaft outputs with respect to
experimental values are carried out on following
optimum input parameters such as high pressure air
1.4 bar (20 psi), 2.8 bar (40 psi), 4.2 bar (60 psi),
5.6 bar (80 psi) and 7 bar (100 psi), at different input
parameters (injection angle 60°, vane angle 45°, L=45
mm, and ¢= 75 mm rotor diameter and D=100 mm
casing diameter (or d/D=0.75).
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150 / ——55bar
= .ér//r‘" =Hé=7.0 bar
oo
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Total Power on Experimental Readings in

Speed of Rotation in rpm
Fig. 8. Total experimental power (Wmer) versus
speed of rotation

Figure 8 shows that the experimental values of
power output increases with higher injection pressure
and at different speeds of rotation. Comparison of
power output for theoretical and experimental
conditions shows that for a given injection pressure
the experimental power output is less than theoretical
value at same operating condition. This is because of
leakage at interface of vane and casing, throttling of
air atadmission, and friction losses. From Figs. 5and
8, the theoretical performance of the air turbine can
be compared with the experimental performance. It
is seen that the results obtained experimentally match
significantly with the theoretical results to the extent
of around 70% to 98% for different operating
parameters.

100%
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Fig. 9. Actual performance of vane turbine with respect
to theoretical power

Figure 9 depicts the variation of performance efficiency
of air turbine for different injection pressure at different
speeds of rotation such as: 99%, 89.8%, 84.3%,
79.8%, 76.5% and 72.5% at speed of rotation 500
rpm, 1000 rpm, 1500 rpm, 2000 rpm, 2500 rpm
and 3000 rpm respectively when injection pressure
varies from 2.8 - 4.2 bar. But the performance
efficiency for injection pressure 1.4 bar is not in parity
with higher pressure. This indicates that turbine power
output is utilized in overcoming the friction losses at
injection pressure 1.4 bar and centrifugal forces on
vanes are also not effective at speed of rotation 500-
3000 rpm. Thus air turbine offers best performance
atinjection pressure 2.8 to 4.2 bar (40-60 psi) which
can be easily created.

6. CONCLUSION

Based on the considered input parameters and
above investigations, following conclusions are drawn:

e The expansion power output is found maximum
as 3.65 kW for moderate / minimum air
consumption.

¢ Thesignificant contribution of exit flow power with
respect to total power output varies from 6.68%
t0 11.33%.

¢ The total optimal power output is obtained as 3.98
KW for minimum air consumption, at rotor/casing
diameter ratio 0.70, injection pressure 6 bar and
speed of rotation 2500 rpm.
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e Thetheoretical optimum shaft power output 3.98
KW match significantly from the results obtained
experimentally and performance efficiency of the
novel air turbine ranges from 72.5% to 99% for
injection pressure 2.8- 4.2 bar.

e The compressed air engine technology offers nearly
zero pollution vehicles hence this technology should
be extensively tried for mitigating the environmental
pollution.

From these results it is emerged out that the air
turbine engine having casing diameter = 100 mmand
rotor diameter = 75 mm, can be easily equipped on
two wheelers as a replacement to IC Engines. Further,
if this technology is implemented widely in developing
countries where major contributors of CO, are two
wheelers in 70-80 % population of vehicles, this can
curb the emission 50-60%. Thus the compressed air
technology can be used as alternative to fossil fuel
and contribute to energy sustainability. This can also
check the global warming to larger extent.
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