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INTRODUCTION

Hydrogen fuel cell vehicles (FCVs) utilize hydrogproduced by nuclear or renewable power to spliew:
molecules as a zero-emission option being prokdditi expensive. Batteries have become a cruciallesige for
electric powered transportation. Electrolysis preatuhydrogen from water rather than gasificatiooaal and thermo
catalytic decomposition (cracking) of methane adrogarbons inspite of being an energy-intensive. Wagy-hydrogen
gases will combust when brought to its auto-ignitar self-ignition temperature. Hydrogen has bekmded by a
deployment of a hydrogen cell into a two wheeleads to the production of hydrogen from distilleatev and blending
it with the air-fuel mixture through the carburett¥ariations in performance and emission charéttes due to the

deployment of the cell have been investigated.

After deployment of HHO booster to the two whedlests like mileage test, performance test (braké t
&exhaust gas analysis have been investigated. Fstoiahiometric mixture at normal atmospheric puess auto-
ignition of oxyhydrogen gas occurs at about %701L065°F). Oxygen &hydrogen gas can be produced by t reliysis
process of different electrolytes like (KOH) (aiypOH(aqg), NaCl with different electrode designsaiteakproof plexi
glass reactor fueled as a supplementary fuel en8ICI Engines. Oxygen &hydrogen exhibits browrocain the form
of unseparated hydrogen,oxygen generated by theraiesis process of water. Measurable CO and HGsans
originating from fuel cells fall below the emiss®from hydrocarbon-fuelled engines which can beuced to almost

zero with conventional catalysts [V].
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Electrolysis of Water

By providing energy from a battery, water,(H can be dissociated into diatomic molecules afrbgen (H) and

oxygen (@) as shown in Figure 1.

Basic Reaction:2H,+ O,= 2H,0 + 2é
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Figure 1: Electrolysis Process of Water for H&O ,[IV]

METHODOLOGY
Working Principle of HHO in I. C. Engine

Hydrogen conversion kits effectively turn the védimto a Hydrogen Hybrid by producing and injegtimydroxy
gas (HHO) into the vehicle's air intake system. Emdire system uses enginevacuum pressure to suokoie oxy-
hydrogen gas as the engine speed increases. A ea@ttiner and electrolyte are placed a insidaecieto fill it with
distilled water. A device gets electricity from thehicle battery and produces oxyhydrogen gas wisicupplied to the
engine's intake manifold. Device connects to vehimttery through ignition switch or other "powar enly" input, to

prevent oxy-hydrogen gas production when the enigiod.

Oxy-hydrogen gas generated from electrolysis ikastignto the engine's air intake system as shoviigare 2.
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Figure 2: Hydrogen Intake in IC Engine with HHO

The Device by-passes any complication by simplyneating the negative wire to the battery and pasitvire to
a ignition switch or fuel pump. This ensures that® Generator will not activate unless the vehisldurned on. The

entire system is also fully protected by an inf@@eAmp fuse, which will blow to prevent damage td®i cell.
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Figure 3: Smack’s Booster Line Diagram

It increases the performem of a motorcycle and reducharmful emissions draatically withthe current from
the vehicle's battery to break wateto a miture of hydrogen and oxygen @ascalled Oxy-hydrogen" gas. It is then

added to the aimhich is being drawrntc the engine to improve a quality.
Exhaust Emissions

Products of combustion fror. C Engines contain several constitudikis CO, unturned HC(hydro carbons) and

oxides of nitrogen (N¢) that arehazardous tchuman health.
Testing

Testing has been conductibdloughthe experimentation &mileage test.
Steps of Installation

» Airfilter has been removeéda tose pipe is pushed through thie intake duct angulled wt of the air filter duct.

Hose pipe reaches tlearbureorwhich passes through air filter.

» Small orifice is made arair filter and hose pipis pushed through orifice such ttthere is an interference till

it reaches the carburettor. Ain filter is placed into the air filter duct andosked.

e The dher end of the hose eis connected to a booster andsped through thehassis tthe desired mounting

location of the booster.

« Before mounting, théoostertis filled with diluted solution oklectrolyte provide alkaline concentrate to 900

distilled water. Thisolution can be filled into booster by using a syrinbout 50to 60 ml olelectrolyte.
» Booster is mountetb the chasis using a zip tie b.

* Yellow cable is connected ignition line and black cable is connected to tegaive terminal o battery using a

dummy line test if dooster i able to genere HHO gas.
* Now the main hose pipe t®nnected ar the engine is started at 1500RPM

The connections dfose pipeto booster mounting booster to chassis atewn inFigure 4.& Figure 5.
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Figure 5: Mounting the Booster to the Chassis Using Zip Tie Belts

Mileage Test on Road

The driver of vehicle around 75kgweight took thstfiest drive to explore the test track. After fingt test drive,
correct amount of fuel supplied has been calibrated the same amount of fuel is poured into thelédd reduce
vaporization losses. The tests were conducted ragtaot RPM of the engine starting with 2000RPM armlementing
1000RPM for every refill of 100ml petrol with boestand without the booster. The booster was rdfilléh electrolyte
just before the tests began so that correct anmfudtHO gas is generated. The readings are tabutsesdhown in Tables
1,2 &3.

RESULTS & DISCUSSIONS

Total Fuel Consumption (TFC) was raised with brakever without booster, but comparatively reduced by
implementation of booster @ 7-15%. Variablites ¢stesitly was increased over Brake power &more pumiced at
higher brake power, hence HHO implementation impdothe TFC characteristics as shown in Figure 6.

with booster

< o4 | without
boostor

o 1 2 3 a
Brake Power (KW}

Figure 6: Brake Power Vs Total Fuel Consumption @ 300 RPM

Specific Fuel Consumption (SFC) was reduced overease in brake power which was consistent abatid.
Variation was between 7-12%. Hence HHO blendingrowed SFC characteristics at higher brake poweshasvn in

Figure 7.
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Figure 7: Brake Power Vs. Specific Fuel Consumptio® 1500 RPM

Mechanical efficiency was almost independent ofitliglementation of a booster. Booster improved dhgrmal
characteristics of the system. Mechanical efficyefatlowed the standard trend&increased at highiaké power as shown
in Figure 8.
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Figure 8: Brake Power Vs. Mechanical Efficiency @ 300 RPM

Volumetric efficiency was reduced between 2 kw @hdkw of brake power. Variation was about 7-10%.
Implementation of booster further reduced the &fficy. Performance was although unaltered as thstbosupplemented
some amount of oxygen as shown in Figure 9.
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Figure 9: Brake Power Vs. Volumetric Efficiency @ 500 RPM

Brake thermal efficiency was improved considerahith implementation of the booster for overall begtowers.

Variation was between 5-12%. Brake thermal efficiegradually increased at higher loads as shoviigare 10.

15 |
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Figure 10: Brake Power Vs. Brake Thermal Efficiency@ 1500 RPM

Indicated thermal efficiency, increased with theliementation of the Booster. Variation was sigmaific over 2

kW of brake power and was between 5-12 %. It wasenpponounced at higher loads. Hence HHO blendimgraveed
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the indicated thermal efficiency characteristicslagwn in Figure 11.
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Figure 11: Brake Power Vs. Indicated Thermal Efficency @ 1500 RPM

Air fuel ratio (A/F) decreased over increase in k&rgower. Implementation of the Booster increased A/F
comparatively. Variation was about 5-10%. Increaéd/F ratio that lead to leaner combustion,whichswa sign of

reduction in fuel consumption resulted in an insesi thermal efficiency characteristics as shawhigure12.
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Figure 12: Brake Power Vs. A/F Ratio @ 1500RPM

CO emissions were lowered over brake power wittsisb@nt trend where further reduced by implementatf
the Booster. The influence of the booster was afesemore between 1 kw and 3 kw of brake power asvstin Figure

13.
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Figure 13: Co Emission Comparison @ 1500 RPM

Increase of N@emissions occured over brake power, but implentientaf booster reduced N@missions due

to leaner combustion due to improvement in A/Forati higher loads as shown in Figure 14. [I]
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Figure 14: Nox Emission Comparison @ 1500 RPM

CO , Emissions were found to be increased from 1lkw tow3brake power. However above 3 kw of brake
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power,the emissions were found to be slightly desed with booster implementation which was a sifrbetter

characteristics as shown in Figure 15.
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Figure 15: Co, Emission Comparison @ 1500 RPM
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Unburned Hydrocarbon emissions were reduced witlirtbrease in the load. In this case Booster madgliitle

influence in comparison to the condition withoutobter. However Unburned Hydrocarbon emissions vienad to be

reduced in both the cases over the increase ofdsathown in Figure 16.
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Figure 16: Unburned Hydrocarbons In Emission @ 150RPM
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Table 1: Mileage Test Without Booster

Fuel |Distance|Mileage
SI. No.|RPM Oty. (M| (Km) | (Km pl)
1 |2000f 100 6.5 65
2 | 3000/ 100 5.5 55
3 | 4000/ 100 4.7 47
4 | 5000 100 4 40

Table 2: Mileage Test With Booster

Fuel Distance| Mileage
SI.No,RPM | "oy | (km) | (Km pl)
1 |2000 100 7 70
2 |3000 100 6.2 62
3 4000 100 5.4 54
4 5000 100 4.5 45
5 |6000 100 3.9 39

Table 3: Percentage Change in Mileage

SI. No.| RPM | % Change
1 2000 7.69
2 3000 12.72
3 4000 14.89
4 5000 12,5
5 6000 11.42
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Figure 17: Mileage Test Vs. Engine RPM
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Figure 18: Percentage Change in Mileage

Change in mileage was observed maximum at arou@@ B®M, which was consistent with the CBZ XTREME
optimum mileage as specified by the OEM (HERO HONDAnN increase between 8-15% of mileage which otdld a

clear picture about the decrease in consumptidunatfas shown in Figure 17 and Figure 18.
CONCLUSIONS
With installation of HHObooster

* Mechanical efficiency remained unchanged, but briiermal efficiency, indicated thermal efficienciyel

efficiency and mileage was increased considerably.
*  NOx-CO.emissions were lowered reasonably.

» AJF ratio decreases over increase in Brake powtrowt booster, but an overall increase of 5-10% elzerved

with booster implementation which is a sign ofuetibn in fuel consumption and increase in thereffitiency.

FUTURE SCOPE

e Implementation of Fuzzy Logic Controller for loadration to fuel cell can be implemented. The cloami

activity of fuel cell can also be considered asdtieer controllable parameter by the Fuzzy Logiat@uler.

» Fuel Cell technology is extensible for large saaid small scale standalone systems. Digital cdatsofor Shunt
active power filter, hysteresis current controllesing field programmable gate array can be desigeedn

integral part of standalone modules of fuel cadlas to develop automated fuel cell.

e In future when cost falls down due to developméman be modeled for use in any size of irrigatystem with
adequate suction heads.

Electric energy generation from natural gasbothhvéimple fuel cell plants &integrated gas turbitessn

turbine—fuel cell systems will come up in futurdghltemperature exhaust gas from Solid Oxide F@#l (SOFC) can be

Impact Factor (JCC): 6.8765 NAAS Rating: 3.11
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utiized in other cycles, i.e. Rankine, Brayton faadditional power generation or for heating purpose

(cogeneration/trigeneration)as the consumptioruef feduces and mileage increase results in loassc
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