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ABSTRACT

Worldwide high rate of emission is creating envirantal & ecological imbalances.
USA, China, Russia, Japan & India are major plageses to utilization of large number
of vehicles for transport. This source alone istgbating to about 70% of the total air
pollution. In view of the ongoing search for alternative gyesources the compressed
air has been considered as a potential workingl flar generating shaft work. This
paper deals with the optimization of the outpuaofery small capacity air turbine with
vane type rotor. Mathematical model for optimizatie prepared and the results of the
proposed novel air turbine have been given heis.dbserved that this air turbine could
be successfully used as a prime mover to run lightcles / motor bikes having inbuilt
compressed air storage tank of small capacity.
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1.0INTRODUCTION

In developing and developed countries, as civillats growing transport has become
essential part of life. The larger utilizationstainsportation vehicles causing release of
high rate of tale pipe emission. This has entiraffected the environmental and

ecological imbalances. The India is ratdd duntry after USA, China, Russia, and
Japan for releasing high rate of pollutant. Thegpert vehicles for transport alone are
contributing to about 70% in respect of the totapallution. The reason for this current

situation is primarily the transport technology é@®n combustion using hydrocarbon
(fossil) fuel. About 100-150 years ago, the majmurse of energy shifted from solar to

fossil fuel and now civilization is becoming vulabie due to depletion of oil resources.
The current study made (Aleklett K. and Campbell) @ the year 2004, predicted that
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if the oil is consumed at the current rates, thgn20610 most of country will pass
through peak oil day and by 2020, 80% of the ensivailable resource will be
consumed. This necessitates the search for alieznat oil as energy source or
preserving it by tapping some other alternativashsas Non-conventional energy like
battery operated vehicles, wind mills, photovoltaghicles etc. and to convert their
output into mechanical energy, which may alterreyiypreserve oil source.

Thus, it is advantageous for the energy storageesy®f a Zero Pollution Vehicle
(ZPV) to have low initial cost, be quickly and ecaomcally recharged, and to provide
driving performance comparable to that of converdloautomobiles. Currently, the
battery-powered electric vehicles and hydrogenwicles (Knowlen et al. - 1998) are
the only commercially available technology that caset ZPV standards; however,
these vehicles have not captured market & sold ded# to their limited range, no
proper facilities for recharge, and high initiaktorhough the worldwide researches are
also going on for other alternatives such as usdyofrogen Fuel Cell (Honton-2004,
Rose & Vincent-2004), which is presently very cgstise of Bio-Diesel (Singh B.R. &
Singh Onkar-2006a) or use of compressed air forickelengines (Singh & Singh-
2006b).

All of these issues have forced researcher to intbe compressed air energy
technology and its utilization in transport vehgland other domestic utilities. The
“Guy Negre”, a French technologist and inventor ti@geloped 4- cylinder compressed
air engine, which can run the vehicle at 60-80 sjpper hour speed without tail pipe
emission. So far about 52- patents (Guy & Negre42G@ere made during 1998 to
2006. Recently MDI and Tata Motors entered into emmeement to develop such
vehicles in commercial use. These highly compressiedenergy storage systems
(Rocha -2005) with 300 psi, which can be filledharit 15-20 minutes, may remain the
dominant technology in the electric and hydrogdhwehicle market.

In this paper the optimization of the output of erywsmall capacity air turbine with

vane type rotor has been presented. Mathematicdehfor optimization is prepared

and the results of the proposed novel air turbiaeehbeen given here. It is observed
that this air turbine could be successfully use@ @sime mover to run light vehicles /
motor bikes having small capacity inbuilt comprekag storage tank.

2.0 USE OF COMPRESSED AIR ASAN ALTERNATIVE TO FOSSIL FUEL

India is developing country and income of averagesgn is very low to meet out the
minimum requirement of person. Maximum populatidncountry is still living in
villages where transport is either bi-cycle or mibike. Current hike of fossil fuel are
increasing tremendously up to 30-40 % every yeath Wis pace by 2010 prices may
go double than what is today and by 2030-40, it toagh to Rs.1000 per litre. A time
will come when common person would not be able twclpase fuel to run the
motorbike. It is not only due to rate of increaseehicles in India, but it is a worldwide
problem due to the 80 % of fossil fuel being conednn transport with increasing
mobility of persons and transportation of daily somable materials through road
transport. Thus, it is the need of the day to engpjaossibility of alternatives for fossil
fuel to make environment free from emission & makédren healthy.
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Since the last two decades lot of researches dng lmeade to tap down air freely
available in atmosphere and compressing it foragg@rin cylinders for its further use.
This compressed air can be used to run combustigme with mixture of gas and air
getting fired at compression stroke at TDC. Congedsair helps for fire stroke when
ignition takes place. Thus efficiency of IC enggets improved and without running all
four stroke cycle it runs on two stroke cycles. Birt engines so far developed are
basically running on hybrid such as compresseciair gases and are not 100% zero
pollution.

3.0 AVAILABILITY, SUSTANABILITY, EFFECT ON ENVIRONMENT AND
COST EFFECTIVNESS OF COMPRESSED AIR

3.1 Availability of Air

Air is natural source and available freely in atptoere, which can be stored after
compressing it to desired pressure such as 90p8b0rhis is the only source, which
can be stored at very high pressure and can bmedtavithout any loss after lapse or
with passage of time. Compressed air can drive naoyestic appliances such as
vacuum cleaner, mixers, pumps, electric generat@mmwelectric power fails instead of
using inverter to have clumsy arrangements of badte.

3.2 Sustainability, Economics and Advantages

Compressed air is most sustainable. It has noilitlair temperature or much weather
effect. Once compressed air is stored through cesspr, it will be available at any
time without any loss of pressure. Thus sustaiitgtwf compressed air is much better
compared to other available alternate of fossil. fBattery needs constant maintenance
even for charging & discharging cycle. Hydrogenl@Rbse et al. -2004) is very costly
due to its storage problems. Wind Mills (ABI ResdaR004), Photo Cells also need
some storage devices may be of high bank capaadiotsatteries, which will need
constant and recurring expenditures on its upkeep.

3.3 Influences on Environment and Ecology

The light vehicles presently running on fossil fieleases tail pipe emission and creates
imbalances to ecology, ultimately hazardous to ipubéalth. Compressed air as an
alternate for running light vehicles using air fad will have no ill effect on ecology
and reduce the health hazards.

4.0 MODEL OF AIR TURBINE

Present objective is to develop an air engine uainturbine with output of 6.85 HP to
7.50 HP at 500-750 rpm for meeting starting torgegquirements at 4 - 6 bar air
pressure and required torqgue at normal speed @ 20000 rpm at 2-3 bar air pressure,
which is suitable for a motorbike. Various stepgoined in the development of engine
are as given separately. A cylinder of compresseds groposed to have minimum
capacity of storing air for requirement of 30 mumning at initial stage and maximum
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pressure of 200-300 psi. The Air Turbine with dnét and exhaust has been taken into
consideration to produce high rpm to match 250003ffm. Compressed air storage
cylinder is designed so that it produces constaesgure for minimum variation of
torque at low volume of compressed air. The Airbine is designed with spring-loaded
vanes to maintain regular contact with ellipticadrdy to produce optimum torque
(Fuglsang -2004, Selig-2004, Gorla & Reddy -200%] &chreck & Robinson-2004).
Above air turbine is being designed to meet out #tleminimum parameters of
motorbike to have efficient and fossil fuel fre@ming.

4.1 Input Parametersfor Air Turbine

Required Air pressure: 60-150 psi (assumed)
*Speed: 3000 rpm (maximum)
*Torque: 9.6-10 Nm

P-V Ratio: 415

Note: - *Data based on Performance of commercalilable motorbike (7.2 HP)

4.1.2 Principle

For novel air turbine (see Fig.1l), the high pressair drives the rotor at ambient
temperature. The impulse and dynamic action of Ipiggssure air are responsible for
the shaft work from the air turbine.

Exit

*
|
e

Fig. 1 Air Turbine - A Concept
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Fig.2 Expansion in Air Turbine — An Isentropic cycle

It is reverse process of vane type air compres3onsidering the isentropic expansion
(see Fig.2) air entering the Air Motor having”“vanes, theoretical work is given as
under: -

y-1

_ [y Pa |
w=n — -1;-nl p-
(y_lj RM [plj (R- R) Y 1)

Wherew = Theoretical Work done,
p, & v, are Pressure & Velocity respectively at whichsaitke the Turbine,

p,& v, are Pressure & Velocity, respectively at which imaxm expansion of air takes

place,
ps is the Pressure at which Turbine releases the aitmosphere.

In order to meet the initial design requirementdifder diameter, rotor diameter and
number of vanes), optimization methods are adogsdaelow:-

From equation (1)

Let yi k (constant)

w==2(pn™) -4 -n(n-p) ¥ ?
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Applying Lagrange’s Multiplier to find out Optimuralue of Shaft-Work,

ow
= O 3
. 3)
ow
ap,

Applying Equations (3) to (2);

ow

—=—-n - =0

o, (p.— )

or |p, = p; J1.0Nbar = 1.03Atmospherid®r essy 5) (

Applying Equations (4) to (2)

ow PV« k-1
—=n—=2 k. -ny=0

1

1-k k- —
or np ".\M.p - ny=0

1-k k-1 _
or pv.p =y,

1-k
Thereforep, = (ij ) (6)

From the above, it is evident that for optimal shaft waukhas direct relation witp, ,
v,&v,.

5. 0 Results and Discussions

From the theoretical calculations, results obtained at diftgquressure and rpm relations
between “Air Consumption & Speed” as well as “Torque & Speed’dsasvn (see
Fig.3 & Fig.4). Here it is evident that better speed can dghieved at lower
consumption of air, if the negative forces acting due to higtésreince in pressure
betweerp, to ps are almost eliminated.
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6.0 ONGOING DEVELOPMENT

For maximizing the work output from air turbine following desighave been
conceived and are being developed:-

6.1 To develop dual / tripleinlet and exit air turbine

Dual inlet & exhaust Air Turbine (see Fig.5) is under faliica and concept is

introduced as dual elliptical cylinder having spring loaded vaseslesigned above
wherein negative effect as indicated in Eqg. (1) is almedticed which enhances the
shaft work and make the Turbine most efficient and novel iwitstions.

When the exit compressed air pressure of first stage istiedecond stage inlet of Air
Turbine, the expansion of residual compressed air is further expdrae V, to Vy
and pressur@, is substantially reduced Ry and closer to thes (see Fig. 6). From the
Equation (1), it is evident that, > Ps the negative effect will almost vanish and shaft
output would become optimum.

Polvtropic

\ E s 7
Inlet ~ Fxhaust v
—— 35mm dia———p

—  45mmdia 0 ———  p

Fig.5 Dual inlet & exhaust Air Turbine Fig. 6 Air Turbine — Polytropic Cycle

6.2 To develop variable size air nozzle to strike air jet on vane at different angle to
create impulse and then expansion cycle

In this approach variable nozzle size and angle on which astrjges will develop
impulse force and thereafter at the endfpfxpansion will take care for further work

Thus wordone would be as shown in Equ. (7);
w = impulse force x displacemefitnp).l1 + expansion force x displaceméhtyp).l»
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ThUS,W = fimp'll + fexp' 2 )

7.0 CONCLUSIONS

In view of the enormous potential of air as working fluid, an Puarbine having dual
inlet and exhaust is designed to run on compressed air. The essagrair is to be
contained in a portable cylinder at 300-psi air pressure. Thigukbiine is under close
test run and expected to be more efficient than the currentlialblabne, as negative
workforces are tried to be almost eliminated and ultimaitely going to be the best
alternate to the fossil fuel driven prime-mover / engine.

NOMENCLATURE

1.4 for air

diameter of rotor
diameter of outer cylinder
impulse force

<

N =]

mp
expansion force

constant
length of rotor having vanes
displacement due to impulse force

displacement due to expansion force

metre
no. of vanes
pressure

specific volume

specific work output

atmospheric

(1/1.0132) atmospheric pressure
cu. ft. cubic foot

cu-m cubic metre

HP horse power

IC internal combustion

km kilo-metre

kwh  kilo-watt hour

Ibs. ft. pound foot

min  minute

MDI moteur development international
Nm  newton metre

pSi pounds square inch

rpm  revolution per minute

Rs. Indian rupees

TDC top dead centre

ZPV  zero pollution vehicle

1,2..4, 5 Subscripts - states position of vanes corresponding to spe@isure & volume

X 4 0 O

iy

N5

O¥s<w >3
23
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