ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/283710268

HHO Generator — An Approach to Increase Fuel Efficiency in Spark Ignition
Engines

Article - March 2015

CITATIONS READS
20 18,123

3 authors, including:

Subhashini De Silva

Sri Lanka Institute of Information Technology

4 PUBLICATIONS 23 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et Hydrogen-Hydrogen_Oxygen View project

roject LOcal Positioning for Indoor navigation View project

All content following this page was uploaded by Subhashini De Silva on 11 November 2015.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/283710268_HHO_Generator_-_An_Approach_to_Increase_Fuel_Efficiency_in_Spark_Ignition_Engines?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/283710268_HHO_Generator_-_An_Approach_to_Increase_Fuel_Efficiency_in_Spark_Ignition_Engines?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Hydrogen-Hydrogen-Oxygen?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Local-Positioning-for-Indoor-navigation?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Subhashini-De-Silva?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Subhashini-De-Silva?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Sri-Lanka-Institute-of-Information-Technology?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Subhashini-De-Silva?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Subhashini-De-Silva?enrichId=rgreq-ac0077cc7978bece5aed870f72a6c8ca-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcxMDI2ODtBUzoyOTQ2Nzc1NzMwNjI2NjhAMTQ0NzI2ODAxNjQ1OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Available online
European Journal of Advances in Engineering and Tdwmology, 2015, 2(4): 1-7

qiber s 9*:..,1

Research Article ISSN: 2394 - 658X
HHO Generator — An Approach to Increase Fuel Efficency in
Spark Ignition Engines

TS De Silva, L Senevirathne and TD Warnasooriya

Electrical & Computer Engineering, Si Lanka Institute of Information Technology, Malabe, Si Lanka
subashini.d@dliit.lk

ABSTRACT

This paper is all about designing an efficient Hydrogen-Hydrogen-Oxygen (HHO) generator, that produces
Hydroxy gas which can be used to increase the fuel efficiency in an internal combustion engine. In a combustion
engine, high pressure products of combustion expand through a turbine or a piston in order to generate power. In
this scenario the high pressure products act as a working fluid. Currently there are three types of combustion
engines in practice; Spark ignition engine, Diesel engine and Turbine engine. In these engines the fuel burning
process seems to be very primitive. Hence, unburned fuel remains after the burning process. This causes the air
pollution which is one of the biggest challenges that researches face in the automobile industry. HHO generator is
an efficient approach that used to increase the fuel efficiency in a combustion engine by increasing the energy
produced per mole of fuel during the ignition process. As a result the amount of unburned fuel in a combustion
engine was reduced. The proposed approach is based on an ordinary HHO generator. Although people use HHO
generators in practice a very little research has been carried out in implementing an efficient system. In this
research we mainly focused on finding an efficient configuration of an ordinary HHO generator that is efficient
than an ordinary system. Here the generator was tested under several conditions in order to determine a
convenient design for an efficient HHO generator. An efficient/optimal system is supposed to produce a large
volume of Hydroxy gas using a very little power. Therefore, such a system will be able to increase the power of a
spark ignition engine while reducing the air pollution.
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INTRODUCTION

A number of factors affect the fuel consumptionaaof ordinary vehicle, for example driving behaviostgh as
acceleration, speed, traffic and road conditioe$iale conditions etc. Concerning the above factoed price and
environmental pollution the performances of an mady Internal Combustion Engine (ICE) has to berowpd..
In practice, ICEs used in vehicles are divided ithieee categories, i.e. Spark Ignition Engine, Blidsngine and
Gas Turbine Engines. Spark Ignition Systems areslyidsed in automobiles. Here, petrol (gasoling) diesel
are highly used as the preliminary source of fae2]. Throughout this research we have only focusethe spark
ignition systems which use gasoline as the prekmyinsource of fuel. In spark ignition systems amant of
vaporized fuel is mixed with an appropriate amoohtir and these engines are designed to igniteathéuel
mixture at the optimum instant. The flammabilityhge of Gasoline is 1.4% to 7.6% of the volume. Hemvery
pound of air should mix with 0.224g to 1.2169 opwueized gasoline in order to have a better combaosti more
vaporized gas is fed into the system, it may lesmme unburned/partially burned fuel in the pistbarober as
shown in Fig. 1. This unburned/partially burnedlfiseone of the main pollutants that originate freomventional
Hydrocarbon fuel. Carbon Monoxide (CO), Oxides atrédgen (NOX) and smoke are the main pollutants
produced by this process. The unburned/partiallsnéd fuel causes in increasing the exhaust emissfoan
engine which results in reducing the efficiencytloé engine [3-4]. In order to decrease the amof@irxbaust
emission it is necessary to increase the thernfigiaicy of the engine.

In recent years, researches have focused in emftatice engine performances and emission. Conagrthia
efficiency, authors in [5] have introduced the Gadgnition System for gasoline engines. In thisrapch, a new
igniter tip to the conventional spark plug was adiuced so that the flame propagates into more traa a
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traditional spark plug inside the ignition chamber2014 the researches has introduced a new sofigasoline
to increase the fuel efficiency of a Spark Igniti&pstem [5], which is costly and very difficult tmplement in
practice.

In the proposed approach, we use Hydroxy gas aslditional source of fuel. This gas was mixed wathbefore
feeding into the combustion chamber [6]. Hydroxg gmalso known as HHO, Brown'’s gas, Water gas@rakn
gas. HHO stands for Hydrogen-Hydrogen-Oxygen. Amaine implies the Hydroxy gas consists with 2:ltiplas

of hydrogen and oxygen. The basic idea of this Hpt@duction process is to separate the hydrogenoapgen

atoms in a water molecule. Output of this HHO psscgives a mixture of hydrogen and oxygen thatgihe

name as oxyhydrogen. HHO can be generated throegtraysing the water. In this process the watetanules
dissociate using two electrodes as shown in Figihe efficiency of the electrolysis process incesawith the
purified water i.e. water with less impurities. Raater, spring water and tap water has a consiteeahount of
impurities. A typical analysis will illustrate thesminerals, suspended solids and other contamingftign this
impure water subjected to electrolysis, the impesitwill deposit as brown, black and green subs&snthese
impurities may cause to clog up the electrodeselk im order to overcome this dilemma, distilledter i.e. water
without impurities was used in the electrolysisqass [7].

LDUrned 0SS

‘iokage Source

Fig.1 Flame Propagation in the chamber Fig. 2 Wateelectrolysis process

As shown in Fig. 2, whenever the system is poweredvater molecules dissociate into hydrogep) @hd oxygen
(O,) were they emits as gases from the cathode andnbde respectively. The stoichiometric equatiorhig
process can be expressed as in (1).

Electrolysis: 2HO — 2H, + G, (1)
Combustion: 26+ O, — 2H,0 2)

The gas produced in the electrolysis processHEHO will combust when it is brought to its ignitidemperature.
For a stoichiometric mixture in normal atmosphgmiessure the ignition occurs at 50 The energy required to
ignite such a mixture is about 20 pJ. The burniragess starts when the percentage of Hydrogentigeka 4% -
95% of the volume of the HHO mixture. During the @hgnition, the gas mixture releases energy acdierts
into water vapour which causes to sustain the i@aat (2). The energy produced by this ignitioogess is 241.8
kJ, for every mole of HHO burned. The amount ofthgnerated in this combustion process varies dauptto
the mode of the combustion engine [8]. In prackit¢O gas can be introduced as a highly ignite soofqeower
which will provide much higher energy compared mooadinary ignition process in a combustion engine.

In practice HHO generator can be divided into tyoes based on their construction i.e. wet cell dnydcell. Two
electrodes and a set of neutral plates are usedtypical wet cell. These plates are interconnetbegther as
shown in the Fig. 3. Here, the plates are enclasgde the electrolyte and the supply is connetdeithe edge of
two electrodes. In this design the electrodes hadeutral plates are fully submerged in the ebd [9]. So that
the Q gathers around the positive electrode startsaotneith the metal plates used in the system wbalses to
corrode the plates eventually. Also, here the, hisgipation in the system is low compared to the ckll
configuration. As if, the heat of the system getséased as long as the generator runs which é¢ayseducing
water vapour. The water vapour will get mixed viltk HHO gas and as a result efficiency of the systecreases
[10]. Due to these failures the dry cell has becamueh more popular among the public [11]. In thésidn the
above mentioned drawbacks are well considered andéej the efficiency of the dry cell has become hmhigher
compared to the wet cell.

In a dry cell, plates and the connections are defaten the wet area. A typical dry cell generatoshown in Fig.
4. As shown each plate in the generator comes avigfasket to prevent leakage of water. Here, elgttravas
stored in a tank connected to the generator. Th® Ideis generated here is served back into the samkelh this
process the electrolyte circulates through theesysiue to its gravity. Once the tank is filled wiiHO gas, it
puts pressure on the electrolyte which will helpntake the flow. In this design the heat generatside the
system is less than the wet cell generator anddigoto the circulation the heat generated indigeslstem get
reduced. So that in this design the HHO gas gesemaith much higher efficiency. In addition it conses less
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amount of current required f@ cycle of HHO gas production. Conred to wet cell, the dry cell system requi
less maintenance, there i® mxcessive heat genere i.e. less amount of wasted energess oxidation i.e.
corrosion of electrodes get reduceaequires less space for an improvedigieshan the wet cell sign and it is
more robust and durable.

Electrades Erd Plate

Electrades
Gas Outlet

Valve
Valve

Electrobysis

Gaskets Neutral Plate
Fig. 3 Wet Cell Fig. 4 Dry Cell Concep

PROPOSED APPROACH

The complete block diagram of the proposed HHO geneiiatshown in Fig. , which is a redesign of an existi
HHO generator [12-14]As shown inFig. 5 inlet valve is used to feadater to the generator while the outlet f¢
out the HHO gas. Tworel plates are used as insula, also it helpgo assemble the system using nut and b
The electrodes are used for the electrolysis poedsile the gaskets are used #@ssulators in between the
electrodes and the neutral plates. Betwplates the gap inhibits due waskets formwater and gas filled
chambers. Once theupply voltage is applied to the system each ofribetral plates will get charged and
electrolysis process occurs in each chamber irthiglgeneratol

Electrode Neutral Plates  Electrode

i

End Plate
M
Jlnlet Valve
/ -
End Plate L J

7z

Gaskets

Fig. 5 Cross Sectional view of the proposed HHO gerator

The electrolyte used in thjmocess is distilled wat. In order to increase the efficiency of the HHO gatien a
catalyst has beemix with the distilled water. This catalyst acts @s ionizer and increase the conductior
electricity through the generatd@@ommonly use catalysts in HHO generation are Potassium HydroxikieH),
Sodium Hydroxide (NaOH), Sodium Chloride (Na(Baking Soda (NaHCO)Sulphuric Acid (F,SQ;), Vinegar
(CH;CO,H) andSodium Sulphate (MSOy). The best choice of catalyst judge by its abilityémains unchanged
during the production of HHO. That means the ideahlyst is a substance that enables the reactielectrolysis
process to increase the flow of current withoutdminig a part of the reactic

Na,SO, does produce Hand Q at the anoe and cathode. |80 a neutral solution of SO, remains unaltered by
the electrolysisThese neutral solutions cause to reduce the HH@Qugtmn which makes the ,SO, a weaker
solution and also it causes turn the water into a brown/red substance h makes this solutn unsuitable.
Vinegar should select considering the percentagicetic Acid it contains. Best is to select vinegdth 5% to
10% solution of Acetic Acid. When subject vinegar the catalyst in HHO production it will act a cheaper
solution. But the Acetic Acid contains which halsaling temperature of 11°C cause to add the vaporized Act
Acid with the HHO gas in addition to the water vapoThis makes the produced gas st. In addition
electrolysis reaction with Acetic Ad may produce gases like Ethane and, @@ich makes the electrolysis
corrode [15]. HSO, and NaHCO are also produce substances during &utralsis process and also caust
corrode the metal plates [15-16].
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From theexperimental tests, it has proven that KOH and\h®H is the best convenient catalyst to be use¢ldd
water electrolysis process [KOH solution is much more efficient than the Na@hdit leaves the HHO cell
cleaner [17].Considering these factors thoroughKOH has been useith the proposed system as the catal
Due to the high durability and less reaction wic&olytes, the end plates were constructed usSibgeglass. Fibr
is a mateal which has a higher resistance to oxidizing afgb the production consist with a solid surfeln
making the electrode neutral plates and valv Aluminium/Zinc coated iron and Stainless Stewas used.
Corrosion rate of Al with KOH is 261.92 mpmile per year) for 1M of KOH and for the Stainl&¥gel it is 1.88:
mpy for the same concentration of Ki [18].

The gaskets used are selected considering the maxialue of temperature they can endure. As a mafttact at
least these gaskets should operate underC of temperatureThe complete system of the HHO generatc
consists with a bubbler and a eegir. The reservoir is filled with the electrolygdistilled water and the cataly:
and connectetb the generator. The produced, HHO was directed tthe bubbler which acts as a gas storag
shown in Fig. 6Initially the bubbler is filled wittwater and when it gets filled with HHO gas the esecef wate|
was directednto the reservoir. This makes the HHO generaticiailar proces

The process of electrolysis can by increase bydhiting an extra electrode in the middle of thé edlich causes
to increase the production of HHO than using tweckbdes. The modified design is shown in Fig. 7. In this
researchtwo HHO generator desigwere tested to determine the me#icient methodSome pictures of the real

implementation are shown kig. 8
BOrvoir
I Blectrode (+) Coctrode () ’/Electrcx:le (+)

"o
. . 1 . . . .
Fig. 6 HHO generator system with bubbler and the reervoir Fig. 7 HHO generator with three electrodes applie

Bubblor R

3

stilled Wal
& FOH

B [T

S’

@ (b)
Fig. 8 (a) Top view of the roposed HHO generator, (b)Front view of the proposed HHO generato

OBSERVATIONS AND RESULTS

In the first implementation, the electrodes, ndytiates and the valves were designed using ziatecoiron. The
generator was powered up for 24 hours with a 30g@iHi mixed in 500 ml of water. It was observed aftee tes!
that zinc coated iron usdd the generator causes to corrode the metalliasadeiring the electrolysis proce
Hence, in order to prevent this dilemma each nietphirt in the design was built using stainleselster further
analysis.

As the second step, the designed gator was tested under various conditions and thairdd results are shov
in Table-1.Here, the generator was tested with two electramles three electrodes separately for the s
concentration of KOH and water as in the previoupeeiment. The resuls observed are tabulated
Table- 2Here; the designed was tested by varying the distéetween the plates and as well as the numk
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electrodes used for the particular design in otdeobserves the variations in the current flow.r Bee above
experiments, the variation of temperature was nredsand the results are shown in Table - 3. Eaolditon was
tested only for a production oft bf HHO gas. In this experiment the initial tempara of the design was
measured and was 2&. The deviation of the temperature as a percentageobserved for 5mm and 2.5mm
distances between the plates. The deviation wasileé¢d using the equation (3) and observationgyasen in
Table - 4. All the experiments were conducted Wil DC supplies which is equal to the voltage iiisilacross
the terminals of a battery used in an ordinary eehiAlso the initial condition in each experimewvds measured
to maintain a consistent among all experiments.

Fig. 9 Corroded Zinc coated iron plate

Table -1 Dependency of the Distance between the Bla Using the Two Electrode Method
Distance between plates Production of HHO Maximument flow | Time taken
5 mm 1¢ 18A 20 min
2.5 mm 1¢ 6 A 4 min

Table -2 Production of HHO and Current Consumptionwith Number of Electrodes
Number of electrodes| Production of HHD Maximum euntrflow Time taken
2 1¢ 2A 20 min
3 1¢ 6 A 4 min

Table -3 Dependency of the Temperature

Distance between plates Production of HHO Amouriteshperature increased
5mm 1¢ 15°C
2.5mm 1¢ 5°C

Table -4 Deviation of Temperature as a Percentage
Distance between plates Deviation of Temperatuge%s
5mm 50%
2.5 mm 16.67%

|Practical Observation - Initial Condition|

Deviation of Temperature = —tial Condition 3)
Results in Fig. 10 shows that the time taken talpce HHO using two electrodes is much greater tismg three
electrodes for the generator. Also according togtaph less time is taken in producing same amotittHO
using a predetermined amount of electrolyte fomalkdistance between plates. In this experimemgetelectrode
method was tested only for minimum distance (2.5 distance) between the plates. According to the Flga)
the maximum amount of current drawn by the geneiiatmversely proportional to the distance betwtenplates
of the generator. It reveals that small distandeveen the plates cause to draw large amount oéotiand cause
to increase the production of HHO gas. And alsoitteeeasing temperature of the generator duringHhO
process is directly proportional to the distanceveen the plates of the generator.

By examining all the results observed it has prothert the most convenient and the efficient desigrthodology
for HHO generator is the three electrodes methdd minimum plate distance. The observations aleweut that
with rising temperature of the generator incredBescurrent flow result in increasing the productaf HHO. It is
observed that the average amount of current thergtar can handle in its most efficient conditisronly 6 A in
this configuration. So the designed solution inverging the fact observed is shown in Fig. 12. Tireuit
introduced here is a Pulse Width Modulator (PWM)waurrent limiting in order to limit the amount o@irrent to
6 A. The width of the pulse is controlled accordinghe feedback signal obtained from the voltageliad to the
generator.

The proposed method can be used in a vehicle ierdodincrease the fuel efficiency of it. The ottlalve of the
designed generator should connect to the gas imtltee combustion engine. In this approach theackelshould
be tested without the HHO generator and measuréutieonsumption for predetermined miles at a tamisrate
of speed as the initial step. In testing the vehisith the HHO generator the oxygen sensor stonsaié the
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exhaust pipe of the vehickhould adjust as requir. If not, the emission of Oduring the HHO combustio
process may generate false readings from the oxggesor which causes in increasing the fuel consan. In an
ordinary vehicle, when exhaust Percentage is high, oxygen sensor output voltags tgw. Similarly, when the
percentage of gs low the sensor will have a high voltage valukisitype ofoxygen sensorare widely used in
modern vehiclesThe block diagram for thproposed complete systamshown in Fig. 3.

20
18
16 03 mm distancs batwrasan platas
14 @25 mrm distanes betwsen platas
12
g
_[E'i 14
g
&
4
2
0
Electrodas-2 Electrodas-3
Fig. 10 Comparison of results in Table - 1 and Table — 2
.elec&e:;.fnn , ]I fomin 2 BT emparatirz varation of these
alactrods mathod
E
[=]
B
5
4 >
5 mm distancs 2.5 mm distance 3 mm distanes 2.5 mm distance

Fig. 11 (a)Maximum flow of current to generate 1¢of HHO, (b) Representation of results in Table- 3

- E_u:f;fnt Comer Output Valtage
—* . b —e LT MOSFET >
Input voltage enarator Cirguit
Feedback
Circuit i

Fig. 12 Block diagram of the Electronic Circuit

The sensor keeps tracks on theehission compared to the percentage , in the atmospheréWhen consider a
scenario where th®xygen in the exhaust systeis higher than the atmospheric air, Oxygen sens@sg low
output voltage and vice versa. Also when the oxyggmsor outputs a high voltage means that theualrfatio is
lean, while it calls the air/fuel ratio is rich when tlitput voltage is lo. When using HHCin Spark Ignition
Engines, the emissionagses may have a greater percentage of Oxygenitthnormal condition, i.e. usin
gasoline as fuelHence, that the oxygen sensor should adjust dtgpto the percentage of oxygen emission
the Spark Ignition System with the HHO systattached.
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> HHO »  Bubbler HHO > Ignition
generator Gas Chamber
‘a Burned
Electronic = ) Gas
Circuit = Reservoir
]
=
v
Oxygen Exhaust
’ —————
Sensor System

Fig. 13 Block diagram of the Complete System

CONCLUSION AND FUTURE WORK

In this research we havegmosed convenient and an efficient method to build up aCHéknerator. According 1
the results observed the amoohHHO increases whethe supply current is increasedn additior increasing cell
temperature also increase® production of HHO. To build an efficient HHOrgator the distance between
plates, Catalyst used, material used and alsauh®er of plates and electro usedshouldthoroughly conceded..
In the proposed approach the amount of currentsitwough the generator incres with the temperature of tt
generator which makes the battery to drain fTaking this fact into consideratiofyture research willocus on
limiting the current flow through thegenerator to obtain an optimedte of HHO productic.. Next step of this
research is to connect the proposed HHO generatran internal combustion engine, i.e. a sparktigm engine
and measure the effamcy of the fuel in vehicle and also to measuegertduction of emission of air pollutants s
as CQ, CO, etc.
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