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Abstract: The present work deals with fuel ionization by using magnetic field which will ensure complete
combustion of air-fuel mixture. Incomplete combustion in engine is due to improper mixing of hydrocarbon and
oxygen molecule. In L.C. engine incomplete combustion produced large amount of emission gasses like CO, HC &
NOy ete. & incomplete combustion fuel gives lower efficiency. These attempt is made in this work to improve the
combustion efficiency of internal combustion engines by adopting a magnetic fuel ionization method in which the
fuel is ionized due to the magnetic field. To overcome these issues electromagnets are developed called as electro-
magnetic fuel conditioner. This help to aligns & orientation of hydrocarbon molecules, better atomization of fuel.
Use of such electromagnet mounted in path of fuel lines improves mileage & reduces emission of vehicle. These
experiments are conducted at different engine loading conditions. The work in particular is very significant on
account of its impact on the global automobile market,

Keywords: aligns& orientation, efficiency, electromagnetic fuel conditioner, HC

I. INTRODUCTION

Over the last decade there so many efforts towards the improving power output and emission of internal combustion
engines per fuel, but suceess up to 31%. [t is very difficult to improve the more than that clficiency bul magnetic luel
conditioner help to improve 3-4% in present value. We have. combustion of fossil fuel has release of pollutants such as
CO. ¢ and NOy like many componenl in environment, When these pollutants are in place, an atmospheric phenomenon
called smog 1s created by the action of sunlight on hydrocarbon (HC) in the atmosphere. and the mam source of HC is the
exhaust gases of vehicles, the rapid increase mn traffic causes the increase in the percentage of smog.

That effect the deterioration of air & harmtul for health is imitate the eves & throats; noxious smell, deerease visibility:
Wide range of pollutants are believed to penetrate deeply mto human lungs including aerosols of many small particles.
Due 1o the reduction the emission from mobile sources increase the demand. Hydrocarbon leaves the natural deformation
of carbon clog stalling, loss of horsepower & reducing mileage. There are many method MPF], EGR, PCV, CATALYTIC
use to complete combustion as well as minimize the emission. This 18 new technology werking the similar to other
technology but in better way. Electro-Magnetic field that jonized the fuel on the principle of magnetic field mutual action
with hydrocarbon molecules of fuel and oxygen molecules. There are various physical attraction forces between
hvdrocarbons and they form densely packed structures is called psendo compounds which ¢an later organize mio clusters.

The external force of magnetic field helps to polarize the hydrocarbon fuel. Due to that hvdrocarbon fuel change their
orientation and increase space between hvdrogen This hydrogen of fuel interlocks with oxygen and producing a more
complete combustion in the combustion chamber. [t has been noted that when the fucl passes through s magnetic field, it
helps increasing the atomizaton process by impreved air fuel mixing
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a. Background Of An Electromagnet

In 1819, Hans Christian Oersted, the Danish physicist and chemist (1777-1851). noticed that a current in & wire caused a
compass needle o deflect. He had discovered that moving electric charpes create a magnetic field. A dedicated teacher, he
made this discovery while teaching his students at the University of Copenhagen. He Suspecied there might be an effect
and did the experiment for the very first time in front of his class. With his discovery, Oersted was the [irst 1o identifv the
prineiple of an electromagnet.

| Electic cirouit
’A >
N » L] A - e

l Deflecied compass nesdte I

Fig.1.1,1 Oersted law

II. MAGNETIC FUEL CONDITIONER

An electromagnetic fuel conditioner is device which arrange the fuel molecules & alter the atormic structure so that proper
combustion take place in ¢ngine. Magnetic field applied at tuel line atomize the fuel & which get adhere lo oxygen
enhance fuel air mixing ratio. Basic concept of magnetize fluid is that: In 1989, Hans Dehmelt of university of
Washington awarded Noble prize m physics for his great contribution in fundamental property of electron [1]. According
that electron have ability to store the énergy within itself called spine. When provide small of magnetic field, it absorb the
energy and changing property. Particle made up of number of atom which have same number proto & neutron charge, if
greater number of electron then “— ve’ charge obtam & vice versa.

Twa distinet type hydrogen
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Fig.2.1 Rotational view of para & ertho hydrogen
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Fig.2.2 process of the fuel ionization
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However these molecules have not been realigned, the fuel is not actively interlocked with oxygen during
combustion, the fuel molecule or hydrocarbon chains must be ionized and realigned. The ionization and
realignment is achieved through the application of magnetic field, as said by Paul (1993), Park K et al (1997)
Hyvdrogen oceurs in two different part isomeric forms one is Para which 15 normally oceurs in fuels; second 1s
ortho which is-achieved by applying magnetic field. These two forms are the different opposite nucléus spins.
The ortho state can be achieved by applying strong magnetic ficld along the fuel lin¢. In the para Hydrogen
molecule. which occupies the anti-paraliel rotation, the spin state of one atom relative to another is in the
opposite direction, therefore it 1s diamagnetic. In the ortho molecule, which occupies the parallel rotational
levels, the spin state of one atom relative o anothier is in the same direction. When the fuel passes through a
magnetic field, created by the strong electro-magnets, due to that magnetic field hydrocarbon change their
orientation and convert from para state to ortho state

In ortho state inter molecular force i1s-considerably reduced and inerease space between hydrogen. This
hvdrogen of fuel sctively interlocks with oxygen and producing a more complete burn in the combustion
chamber. The result is better fuel economy and reduction in hvdrocarbons. carbon monoxide and oxides of
nitrogen that are emitted though exhaust. The ionizauon fuel also helps to dissolve the carbon build-up in
carburetor, jets, fuel injector and combustion chamber, thereby keeping the engines clear condition. Electro-
Maguetic kit 1s 1nstalled on cars. trucks, auto nckshaw, and heavy trucks immediatelv before carburctor or
inpector on fuel hine.

(a)Para state (b) ortho state

Fig.2.3. Conversion of para to ortho state

III. OBJECTIVES
By this technique of electromagnetic field used to reduce exhavst emission following abjectives are obtaimed

1. Tostudy electromagnetic field used to decrease intermolecular force of attraction of hydrocarbon atems:

2

To study reduction in exhaust emission.

To prepare Electromagnetic kit or model.

-

To test fuel emission on various engines,
To improve in engine performance:

To study increase in mileage of vehicle.

Moo W

Tostudv inerease in éngine life

1IV. CONSTRUCTION OF ELECTROMAGNETIC FIELD

Electromagnets ar¢ magnets that are created when there is electric current flowing in a wire, The simplest
electromagnet uses a coil of wire, often wrapped around some iron. Because iron is magnetic, it concentrales the
magnetic field created by the current in the coil.
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(a) (b) (c)
Fig.5 Structure of electromagnetic circuit

An electric current flowing in a wire creates a magnetic field around the wire, due to Ampere's law. To
concentrate the magnetic field, in an electromagnet the wire is wound into a ¢oil with many turns of wire lying
side by side. The magnetic field of all the turns of wire passes through the center of the coil, ereating a strong
magnelic field there. A coil forming the shape of a straight tube (a helix) is called a solenoid. Much stronger
magnetic fields can be produced if a "core” of ferromagnetic material, such as soft iron, is placed mside the coil.
The ferromagnetic core inereases the magnetic field to thousands of times the strength of the field of the coil
alone, due to the high magnetic permeability p of the ferromagnetic material: This is called ferromagnetic-core
or iron-¢ore electromagnet.

The direction of the magnetic field through a coil of wire can be found from a form of the right-hand rule. If the
fingers of the right hand are curled around the coil in the direction of urrent flow (conventional current, Now ol
positive charge) through the windings, the thumb points in the direction of the field inside the col. The side of
the magnet that the field lines-¢ merge from is defined to be the North Pole,

S\ - Vitectrie oureemt | f

- 'U'

"13

Fig.6 The right hand rule

When your fingers curl in the direction of current, your thumb points toward the magnet’s North Pole For
generating electromagnetic field source of energy of clectric ¢nergy 1S used as the automobile battery. The
microprocessor chip is used to vary the frequency of the electromagnetic field. The range of frequency 1s sef
from 1.5 kIz to 38 kHz This frequency is set o that 1o break the bonding of hydro-carbon molecules bonds.
This frequency matches with respective hydro-carbon molecules natural frequency and resonance 18 ereated and
strong bonding is broken. This frequency varies from highest limit to lowest limit in micre seconds.

The electrical supply from the battery is given to the input of the circuit. Where frequency is varied in micro-
seconds. There are two outpul connections, The simply wire i1s wound around the fuel line to generate
electromagnetic field. At the center of wire resistor 18 used as consumer. In same way other set of wire is used to
generate the electromagnetic ficld
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*  Frequency band : 1kHz to 38kIz

* Percoil yoltage ;
« Percoilcurrent :
*  Percorl power

*  Resister

12V

350mA

4.2 watl,
47 €

V. DETAILS OF ENGINE SETUP

The setup consists of thiee evlinder, four stroke, and petrol (MPFI) engine connected to hvdraulic dvnamometer
for engine loading. The setup has stand-alone type independent panel box consisting of air box, fuel tank, and
manometer, fuel measuring unit, digital speed indicator and digital temperature indicator. Engine jacket cooling
water inlet, outlet and calonmeter temperature 1s displayed on temperature indicator. Rotameter are provided for
cooling water and calorimeter flow mecasurement. The setup enables study of engme for brake power, BMEP,
brake thermal efficiency, volumetric efficiency, specific fuel consumption, and air fuel ratio and heat balance.
Pravision is also made for conducting Morse test.

Product

: Engine test setup 3 evlinder, 4 strokes, Petrol

Fig.5.1 Experimental setup of electromagnetic kit
a. ENGINE SPECIFICATIONS

Engine ‘Make Marti, Model Maruti 80{. Type 3 Cylinder, 4 Stroke: Petrol (MPFI), waler cooled, Power
27.6Kw:at 5000 rpm, Torque 59 NM at 2500rpmistroke 72 mm, bore 66.5mm, 796 ¢¢, CR 9.2

Dyvnamometer
Propeller shaft

Air box

Fuel tank
Calonmeter
Temperature sensor
Temperature indicator
Speed indicator
Load sensor

Looad indicator
Rotameter

Pump

Overall dimensions

: Type Hydraulic

- With universal joints

- M S fabricated with orifice meter and manometer

: Capacity 135 litwith glass fuel metening column

: Type Pipen pipe
; Thermocouple, Type K

: Digital, multi channel with selector switch

» Digital with non contact type speed sensor

. Load cell, tvpe strain gauge, range 0-30 Kg

. Digital, Range 0-30 Kg, and Supply 230VAC

. Engine cooling100-1000 LPH. Calorimeter 25-250 LPH
> Type Monoblock

SW 2000 x D 2730 5 H 17350 mm
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V1. RESULT AND DISCUSSION

From below experimental result table it is conclude that the efficiencies of engine increases by adding the
magnetic field in the path of fuel line: This experimental test have been carried out fixed load condition. Above
value of thermal efficiency & volumetric efficiency increasing that is indicate that the maximum air-fuel
bonding achieved by magnet. So that the better burning is.carned out & obviously emission levels wil less from
the engine

Table no.l

2kg dkg Gkg Ske
Parameters Before After Before After Before After Before After
BP (kW) 0.92 1.1 1.79 1.8 2.55 2.64 3.1 33
Mass of 2.6e-4 2.38e-4 4.1e4 37e-4 | 579e-4 578e4 | 1.le3 1.02e-3
fuel(kg/s)
Bsfe 1.047 0.78 0.82 0.70 0.87 0.78 1.34 1.1
(kg/KWhr.)
Heat 1/p 11.83 .78 i8.21 16.28 27.13 25.48 52.09 43015
(kW)
Thermal eff. 7.81 1047 986 116 939 10.38 6.1 7.33
Volumetric eff. | 40.38 67.38 42.07 T9.08 44.47 84.65 47,57 90.27

a. PERFORMANCES GRAPHS:-

Engine Performances has been analvzed with followimng graph are plotted between load and other parameter from the
experimental result.

Bsfe VS Load

Load

—n I AL CY —— without magnet

Graph.1 Bsfe VS Load
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Graph.2 Break power VS load
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Volumetric efficiency VS Load

Mo

V.

B e R e .

Graph.3 Volumetric efficiency VS Load

It is observed from the graph |, That the Bsfc is in magnet case always above the curve that without magnet & the after
certain load continuous increase by large difference. Graph 2 is plotted break power VS Load, from the graph with
magnet result varies | 1o 2% without magnet. There 15 large changes in volumetric efficiency 25% or more than that value
when adding the electromagnet due to inereases by well interlocking of hvdrocarbon or oxygen showing in graph 3.

VIL

RESULT AND DISCUSSION

Emission testing 1s done by using the gas analyzer in setup of expeniment & direct printed result is obtained Fig. 8. Shows
that result of before using magnetic field & Fig 9. After using the magnetic field but this test is conducted the different
constant load, below showing printed result is 4kg load applied on the engine.

«r

AITRREX
HG-540
4G Emilssion Ao L wazor

[T

TSR T

CENTE
ADDRESS

Fig.8 before Using Magnetic Ficld

a. COMPARISON OF EMISSION PARAMETER:

AIRREX
HG-540
dGoas Emission Ana lyzar

CENTER
ADDRESS

Fig.9 after Using Magnetic Field
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Graph.d Load VS hydrocarbon

Graph.5 Load VS carbon monoxide
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Graph. 4. Drown the load VS Hydrocarbon there is signilicant changes i before & after value of hydrocarbon. Here s -
gradually merease load & similarly reduction in between the difference before & after value of hydrocarbon, is showing

in the graph. Averagely 7 to 8% hydrocarbon value are decreased after using clectromagnetic kit. Hydrocarbon emission

is less, which relies the burning of fuel completely. In the graph 5. Which is drown the load VS carbon monoxide

fluctuating difference is obtained at the variable load at 4kg load maximum difference is obtamed clearly shows the

changes m value due to vanation of load.

VIIl. CONCLUSION

Internal combustion engine is getting maximum energy per liter as well as environment with lowest possible level toxic
emission. The resultant fuel bum more completely, producing higher engine output, better fuel economy, more power &
most importantly reduces the amount of HC, €O, NOx in the exhaust. & therefore control the emission at low cost. Avoid
clogging problems in Diesel Engine. Cost saving, Fco friendly, provides extra life for expensive catalytic converter &
Reduce maintenance of engine, That increase the 10-30% mileage of vehicle. Complete combustion improve the life of
engine cost of mamtenance reduced
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Abstract

The energy of permanent magnets was used in this research for the reatment of vehicle fuel (Tragi gasoline), o
reducing consumption, a5 well as reducing the emission of certain pollutants ratés. The experiments in current
research comprise the using of permanent magnets with different intensity (2000, 4000, 6000, 9000) Gauss, which
installed on the fuel Ine of the two-stroke engine, and study its impact on gasoline consumption, as well as exhaust
gases. For the purpose of comparing the results necessitated the search for experiments without the use of maguets,

The overall performance and exhaust emission tests showed a good result, where the rate of reduction in gasoline
con_annﬁtim ranges hetween (9-14) %, and the higher the value of a reduction in the rate of 14% was obtained using
field intensity 60X Gauss as well as the mtensity 9000 Gauss, It was found that the percentages of exhaust gas
components (CO. 1C) were decreased by 30%. 4086 respectively, but €O, percentage increased up 1o 10%.

Absorption Spectrum of nfrared and ulteaviolet radiation showed a change in physical and chemical properties in
the structure of gasoline molecules under the influence of the magnetic field. Surface tension of gasoline exposed (o
different intensities of magnetic field was measured and compared with these without magnetization,
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1. Introduction

Today’s hydrocarbon fuels leave a natural deposit of carbon residue that clogs carburetor. fuel injector,
lcading to reduced efficiency and wasted fuel. Pinging, stalling, loss of horsepower and greatly decreased
milcage on cars are very noticeable. Most fuels for internal combustion engine are liquid, fuels do not
combust until they are vaporized and mixed with air. Most emission motor vehicle consists of unbumed
hydrocarbons. carbon monoxide and oxides of nitrogen. Unburmed hydrocarbon and oxides of nitrogen
react in the atmosphere and create smog, Generally a fuel for internal combustion engine is compound of
molecules. Each molecule consists of a number of atoms made up of number of nucleus and electrons,
which orbit their nucleus. Magnetic movements already exist in their molecules and they therefore
already have positive and negative electrical charges. However these molecules have not been realigned,
the fuel is not actively interlocked with oxygen during combustion, the fuel molecule or hydrocarbon
chains must be ionized and realigned. The ionization and realignment is achieved through the application
of magnetic field [1, 2], 7

Many of experimental studies which present evidences of the benefits of magnetic treatment were
occurred. For motor yehicles and industnal boilers. much fuel economy and noticeable soot suppressions
could be approached when the magnetic treatment was introduced [3]. For pollution duc to automobile
emissions, it is of great concern more, particularly in metropohtan cities. It creates a potential threat to the
existence of healthy life [4-5]. the enhancement of oil recovery and prevention of wax deposition |6]. In
petroleum production, transportation and refining: the improvement of fluidity of crude oils [7].

Magnetic fuel trcatment works on the principle of magnetic field interaction with hyvdrocarbon
molecules of fuel and oxygen molecules. Liquid fuel is a mixture of organic chemical compounds
consisted predominantly of carbon and hydrogen atoms - hydrocarbons. Due to various physical attraction
forces. they form densely packed structures called pseudo compounds which can further organize into
clusters or associations [8]. These structures are relatively stable and during air/fucl mixing process,
oxygen atoms cannot penetrate into their interior. The access of appropriate quantities of oxygen to the
interior of these molecular groups (associations) is thus hindered. This result in the incomplete
combustion of fuel in the interior of such associations and causes the formation of carbon particles and
carbon monoxide as well as increased quantities of hydrocarbons emitted into the environment [9].

It is now well accepted that a hydrocarbon fuel can be polarized by exposurc to external force such as
magnetism, The effect of such magnetism is the production of a moment created by the movement of the
outer electrons of a hydrocarbon chain moving the electrons into states of higher principal quantum
number. This state effectively breaks down the fixed valance electrons that partake in the bonding process
of the fuel compounds. These states create the condition for freer association of fuel particulars. In so
doing. the hydrocarbon fuel becomes directionalized or aligned which does not necessarily create new
hydrocarbon chains but more explainable aligns the conduced magnetic moment into a dipole relationship
within itself. This magnetic alignment then permits rapid bonding with the respective oxidizing media
The result of which is. of course. more complete and rapid burning of the hydrocarbon fuel [10, 11],

Hydrocarbon molecules treated with a high magnetic field tend to de-cluster forming smaller
associates with higher specific surface for the reaction with oxygen leading to improved combustion. In
accordance with van der waals discovery of a weak clustering force, there is a strong binding of
hydrocarbons with oxygen in such magnetized fuel. which ensures optimal burning of the mixture in the
engine chamber. The consequence of treating fuct with a high magnetic ficld is improved combustion of
fuel and consequently increased engine power as well as reduced fuel consumption, An additional
conscquence of improved fuel combustion is reduced emissions of carbon particics, carbon monoxide and
hydrocarbons [8, 12]. In our study. focus has been laid on the understanding of magnetic action modes
which have led to the fuel economy and reducing exhaust emissions in engine applications.
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De-cluster of fuel
Hydrocarbons have basically a "cage like" structure. That is why during the combustion process

oxidizing of their inner carbon atoms is hindered. Furthermore they bind into larger groups of pseudo-
compounds. Such groups form clusters (associations). The access of oxygen in the right quantity to the

interior of the groups of molecules is hindered and it is this shortage of oxygen to the cluster that hinders

the full combustion [13]. The exhaust should theoretically contain carbon dioxide. water vapour and
nitrogen from air, which docs not participate in the combustion, Practically the exhaust gases contain CO,
H,, HC, NOx and O-. In reality. complete combustion of fuel is never achieved and the incompletely
oxidized carbon is evident in the form of HC. CO or is deposited on the internal combustion chamber
walls as black carbon residue. Hydrocarbon fuel molecules treated with the magnetic energy tend to de-
cluster, creating smaller particles more readily penetrated by oxygen. thus leading to better combustion
[14]. They become normalized & independent. distanced from cach other. having bigger surface available
for binding (attraction) with more oxygen (better oxidation). In accordance with van der Waals' discovery
of a weak-clustering force. there is a very strong binding of hydrocarbons with oxygen in such
magnetized fuel. which ensures optimal burning of the mixture in the engine chamber [2].

In our stady. focus has been laid on the understanding of magnetic action modes which have led to the
fuel economy and exhaust emission reduction in engine application (10 pt) Here introduce the paper. and
put a nomenclature if necessary, ina box with the same font size as the rest of the paper. The paragraphs
continue from here and are only separated by headings. subheadings. images and formulae. The section
headings are arranged by numbers. bold and 10 pt. Here follows further instructions for anthors.

2. Methodology

The effect of the magnetic field on fuel (gasoline Iraqi) used in the engines and ils impact on the
amount of consumption, as well as emission of exhaust gases, the appropriate method was examined. We
include below the description of the materials and equipment used.

2.1 Magnetic devices

Four magnetic devices used in this research were manufactured in the laboratories of the Water
Research Centre / Ministry of Science and Techrology. Each device contains the number of permanent
magnets arranged alternately in multiple stages. The magnetic intensities of those magnets are (2000,
4000.6000, 9000) Gauss. Figure (1) represents one of them.

Fig (1).a photograph ol one of the magnetic devices

2.2, Ingine
Two-Stroke Engine with spark ignition, Chinese origin TWP20C with a capacity of up to 5.5 hp.was
selected. for being used in most Iraqi homes for the implementation of the experiments. An external tank
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includes a volumetric scale and valve was connected instead of the main reservoir of the engine so as o
measure the amount of fuel consumed during operation and for each experiment.

2.3 Fuel

The fuel which provides by gasoline filling stations to the cars and small generators was used in our
current research,

2.3, Procedure

Figure (2) represents a photograph of the fuel magnelization unit used in the implementation of the

CXpenments,

e Periodic inspection of the engine parts for each expeniment.

e Three accelerated rotation of the engine (3500, 4500, 5000) r.p.m, was taken. which representing an
initial speed and low. medium and higher than the other so as 1o know the amount of fuel consumption
in each of these speed at all magnetic intensities,

e Start up the engine aficr putting a certain amount of fuel in the external tank. and set the selected speed
for the experiment. Process will continue operating for two hours and for each test, during which the
exhaust gas was measured at several times for accuracy. After that, calculate the amount of consumed
fuel in the end of the experiment through the rankings is installed on the extemal tank of the engine:

e Repeat this process for the second speed to know the amount of consumed fuel and the amount of
exhaust gascs,

o Repeat the process in paragraph (3) after install the magnetic device with intensity 2000 Gauss on the
fuel line. as well as re-install the same speed because it will increase after install the magnetic device.
The exhanst gases during operation were measured. as well as the amount of consumed fuel after the
end of the operation. The amount of consumed fuel afier the installation of the magnetic device was
deducted from the quantity before the installation of the magnet 1o know the quantity saved, and the
same principle applies to the exhaust gases.

» Repeat the process in paragraph (5) for each magnetic intensity and also for the three above speed.

Fig.2. u photagraph of the fuel magnetzation unit {1. Engine, 2. Magnelic device 3. Measuring device for exhanst
gases, 4. Fuel tank. 5. Gas sensor, 6. Valve, 7. Flexible tube for fucl)
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2.4. Test and measurement equipment

Samples up to 100 ml of fuel before and after the process of magnetization were taken for cach
magnetic intensity and to measure the absorption spectrum of the infrared device using the IR prestige-
21-SHIMADZU range (400-4000) 1/ em.

As well as, similar samples to measure the spectrum of UV absorption, using a device
UV-1650PC/UV-VIS spectrophotometer from SHIMADZU.

Surface tension of the fuel before and after the magnetization was measured for all intensities. where
the sample size of 50 ml was taken and examined by a device KSV Instruments LTD-series SIGMA 70.
using (Wilhelmy plate). The gases CO, CH and CO2 were measured by analytical gases device type
AVL. made in AUSTRALIA.

3. Results and discussion
3.1. Effect of magnetic field on firel consumption and exhaust gases

Figure 3 represents the amount of fuel consumed with the intensity of the magnetic field for three
different engine speeds. The amount of untreated fuel consumed in the engine for the three speeds were
(1350, 1560, 1775) ml. respectively. While these values decreased with the use of a magnetic field. where
the amount of consumed fuel treated by using high magnetic field intensity less than that treated by using
low intensity.
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Fig. 3. Reducing the amount of consume! fiel with mereasing magnetic field mtensity

To illustrate the percentages of fuel saving with the magnetic intensity for the mentioned three speeds
above clearly, these percentages were calculated by deducting the amount of fuel consumed after
treatment from the amount before treatment and converted o a percentage scale, as illustrated in the
Figure 4
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Fig. 4 Tncreased rate of fuel saving with increasing magnetic field intensity

The fuel saving percentage was ranged between (9-14) % depending on the magnetic ficld intensity, as
well as the engine speed. In the same context, the pereentages of fuel saving but with increasing engine
speed for three magnetic intensitics, are described i Figure 5. The percentage was greatest in the high

speed and high intensity
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Fig. 5. Increased rate of fuel saving with incredsing engine speed

The percentage ol the exhaust gases which measured during the operation of the engine, for three
speeds, before and after magnetic treatment was shown in Figure 6 and Figure 7. It was found that the
reducing percentage of the gases (HC, CO) up to (30, 40) % respectively, but the percentage of CO.

increased about 10%. as shown in the Figure 8.
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Magnetization of fuel. breaks down the bonds between hydrocarbon chains which results in decreased
density, surface tension and. hence smaller particulars and droplets during atomization or injection within
an intemal combustion engine. Smaller particles and droplets Causes increased evaporation rates,
improved mixing of fuel and oxidizer, and improved promotion of oxidation. The net effect is an increase
in the rate of combustion, an increase in power, and reduced pollutants,

Increased oxidation of the hydrocarbon fuel causes several effects. Faster and more complete oxidation
results in more rapid and more complete combustion of the fuel. Faster and more efficient combustion
creates a-more concentrated and more forceful driving force on the pistons of an internal combustion
engine. albeit for a shorter duration of time. Typically, this result in the desirable effect of increasing the
engine’s revolutions per minute (rpm) for the same amount of fuel burned. The net effect is increased
power and/or a corresponding decrease in fuel consumption fora given power output

3.2, Effect of magnetic field ont microstructure of fiel

As are known, the infrared spectrum of absomption of fuel provides an insight into its molecular
structure. because the wavelengths of the movement and vibration of these molecules are within the
ranges of wavelengths of this ray. To see the effect of magnetic field on these molecules a sample size of
500 ml of fuel have been taken and exposed to a magnetic field with different intensitics (2000,
4000.6000. 9000) Gauss without retention time within the system of magnetization. About 100 mi of the
above sample were taken, as well as those, but without magnetization to be examined by infrared
spectiometer (FTIR). Figure Y shows the infrared absorption spectra of treated and untreated fuel.

The coloured spectra, red, blue, violet, black and green shown in the Figure 9 indicate to the infrared
absorption peaks and its strength and position of the fuel under the influcnce of above magnetic
intensities. From this Figure we see that the strengths of absorption peaks of treated fuel at each magnetic
mntensity increased in the region of (400-4000) cmi'l. but their positions or frequencics do not change,
when compared with that of untreated fuel. This shows that the polarized feature and transition dipole
moments of molecules are enhanced relative to that of untreated fuel due to the displacements of atoms
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constituting fuel molecules and change in the magnetic moment of molecules interaction under the action
of the magnetic field.
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Fig. 9. Variation of strengths of nfrared absorption peaks of fuel with magnetic mtensity

Because the molecular attraction energy of non polar hydrocarbon is determined by group vibrational
frequency, so a conclusion can be easily reached that the higher the frequency the lower the absolute
value of molecular attraction encrgy. or. the lower the group attraction energy. Thus, it can be deduced
that the molecular attraction force among hydrocarbons decreases after they are magnetized. This is why
the property indices of hydrocarbons, such as viscosity and surface tension which are influenced by the
molecular attraction force, decline after the hydrocarbons flow through magnetic field.

It is well known that the visible and ultraviolet light radiated by matter is related to the transitions of
energy levels and to changes in the state of electrons. Therefore, to study the features of these spectra of
visible and ultraviolet light of fuel, it is useful to reveal and exhibit the propertics and mechanisms of the
influence of magnetic ficld on clectronic motions and atomic structures in the fuel molecules. Thus. here
we first measure the spectra of visible and ultraviolet light for a fuel treated with different magnetic:
intensitics and compared with these of untreated fuel as shown in Figure 10.
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Fig. 10. Absorption spectrum of ultraviolet light for fucl magnetized with different magnetic intensitics

This Figure shows clearly that the intensity in the absorption of ultraviolel light for magnetized fuel
imcreases with increasing wave length of light in the region of 280-360 nm relative to that of untreated
fucl. This means that the externally magnetic field greatly changes the feature of ultrayiolet absorption of
fucl, This means that the externally applied magnetic ficld greatly changes the feature of ultraviolet
absorption of fuel,

It is evident that the ultraviolet absorption strength increases remarkably after the aromatic
hydrocarbons have been magnetized. This means that the transition probability of electrons in the x -
bond conjugated system among different encrgy levels has become higher. Since the transition of the
bond electrons from the ground level 10 the excited level is the main process of molecule radicalization.
This may enhance the splitting of the C=C bonds in the aromatic rings in the course of combustion under
intense actions of light and heat, and therefore the oxidation of the aromatic rings can be accelerated and
casily completed thoroughly. As a resull, the combustion efficiency of aromatic hydrocarbons would be
boosted, which gives risc to the noticeable increase.
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3.3, Effect of magnetic field on surface tension of fuel
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Fig. 11, Change in surfice tension of the foel with the intenity of the magnetic fiekd.

Figure 11 displays the relationship between the decrease rates of the surface tension of magnetized fuel
and the applied magnetic intensities. The results show that, after magnetized, the surface tension of the
hydrocarbons decreases. However. the decrease rates or the decrease magnitudes do not increase
accordingly very well as the strength of the magnetic field increases. At some certain magnetic ficlds. the
surface tension decreases comparatively considerably while at others it decreases comparatively
unnoticeably. So. it can be casily concluded that the surface tension of the hydrocarbons decreases
fluctnately with the increase of the magnetic field intensity, The value of surface tension is determined
not only by molecular attraction force but also by molecular orientation state on the liquid surface. May
be the oriented distribution state of hydrocarbon molcecules on the liquid surface must have changed after
they have been magnetized, and that the oriented distribution state must have changed differently at
different magnetic field strength. This can result in high decrease rate, and the fluctuation of the decrease
of surface tension,

4. Conclusion

o When fuel is exposed to a magnetic field, we find that its propertics are changed.

e Magnetic treatment does not need energy and thus be economically feasibie,

o Change som¢ propertics of the fuel by the magnetic ficld. and take advantage of some of the
applications that belong to the industry and the environment.

o Increase the efficiency of most equipment and machinery that using hydrocarbon fuel and reduce
consumption up lo 14%.

o We can understand the mechanism of magnetization of fuel through the impacts of external magnetic
ficld in the microscopic structure, which is the displacement and polarize the fuel molecules,

o Clear changes in the value of surface tension of the fuel, which used in this study and employment of
these changes in the applied fields. _ _

o Reduce the amount of environmental pollutants in the exhaust gases up 1o 40%
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Performance and emissions achievements by magnetic energizer with a
single cylinder two stroke catalytic coated spark ignition engine
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This paper presents work conducted on & zirconia (catalyst) activated two-stroke sparkignited engine tainvestigate the
effect of high pauss magnelic energy on cyclic vanation of combustion parameters, A 9000 gauss magnet, made up of
Neodymium-Iron-Boron, is fixed on fuel line before carburetor. The coating is camiéd out by thermal evaporation technique
on the inside surface of combustion chamber walls and piston crown. In-cylinder pressures were recorded for 500 conlinuous
cycles using a piezo electric pressure pickup and PC based data acquisition system. Magnetic flux activates preflime neaction
and shortens combustion duration. Cyclic variation of combustion parameters due (o magnetic enerpy were 25. 1% less than
the base engine and mean value of the peak pressures were found to have upper shift of 13.6%. Magnetically energized
zirconia coated engine performed better than the base engine during running.

Keywords: Catalyst, Emission, Energizer, Spark ignition engine
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Introduction

Cyclic variation""" in combustion of spark ignition
(SI) engine is influenced by both mixture strength and
the turbulence in tile cylinder. Laminar flame speed at
the spark plug region was found to be a major cause of
cyclic variation in early flame development. Winsor &
Patterson'® suggested that by improving mixture
turbulence, cyclic variation of combustion can be
minimized. Urushihara er a/* employed combination of
swirl flow and tumble flow. generated by swirl control
value. Whitelaw & Xu™ used an intake shroud to create
tumble flow and increased swirl ratio. Dhandapani®
applied copper coating over piston crown and inside of
cylinder head wall, and reporied that the catalyst
improves fuel economy and increases combustion
stabilization. Results'® of a computer modei for NiCoCr
alloy coated combustion chamber showed a slight
increase in peak pressures and the rate of heat release.
But most of these studies were aimed to understand the
problem of cyclic variation and the influence of either
one or more number of parameters such as air/fuel ratio,

* Author for comes pondence
F-mail: pgsamy @ gmail .com

turbulence inside the combustion chamber and
distribution of air/fuel ratio.

This study presents variations of magnetic flux on
combustion'® of normal lean combustion and
catalvtically activated lean combustion™* and various
other in-cylinder activities using Zirconia as catalyst in
a two stroke SI engine.

Magnetic Energizer ~Working Principle
Mono Pole Technology

The most important factors in the monopole
technology are the magnetic field intensity and the
collimation of the lines of magnetic flux***. Intensity
of magnetic field is far superior to that generated by

Fig, 1— Magnetic [uel energizer'
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Table 1 — Engine specifications

Engine make Bajaj 150 CC
Cylinder borefstroke S7.5758 mm

Power 4.5 kW @ 5500 pm
Conaecting rod length 110 mm
Compression ratio 74:1

Carburetor Jetex, downdrafl
Lubnication Petroil

regular permanent magnets and the collimation of
magnetic fields (Fig. 1) renders the lines of magnetic
flux exactly parallel to each other at extremely high
densities (to the order of millions of lines of flux per
em?). These devices are external online installations
without cutting or modifying the fuel pipes.

Ortho-Para Orientation

In Para H, molecule, which occupies even rotation
levels (quantum number), spin siate of one atom relative
to another is in the opposite direction rendering it
diamagnetic. In ortho molecule, which occupies odd
rotational levels, spins are parallel with the same
orientation for the two atoms. and therefore is
paramagnetic and a catalyst for many reactions
(Fig. 2).

This spin orientation has a pronounced effect on
physical properties (specific heal, vapour pressure), as
well as behavior of the gas molecule®™. The coincident
spins render o-H, exceedingly unstable and more
reactive than its p-H, counterpart. To secure conversion
of p to o state. it is necessary to change energy of
interaction between spin states of H, molecule™*.

Fig:3— Schematic view of experimental setup [1 Engine, 2 AVL
mike eddy current dynamometer. 3 Control panel. 4 Vibro-
meter model charge amplifier. 5 AVL data acquisition system,
6 Loud cell, 7 AVL crank angie encoder, § Muffler, 9 Exhaust
freezer, 10 Fuel tank, 11 Fuel recirculation umt, 12 Radiator
core, 13 Fuel line assembly, 14 Air consumption box,
15 Coupling, 16 cooling waterin, 17 Cooling water o, 18
AVL make (Digas 4000 light) gas analyzer, 19 Fuel line
changer, 20 Magnet, 21 Solenoid valve. 22 Fuel metering rod,
23 MBT tirning wheel. 24 Kistler make pressure transducer)

Materials and Methods

In a single cylinder air-cooled two-stroke SI engine
(Table 1) provisions were fabricated and installed in the
engine setup to vary ignition timing and fuel quantity.
To facilitate operating the engine under maximum best
torque (MBT) timing mode. a timing gear was
designed in such a way that for one complete rotation
of hand wheel, the timing advance/retard is exactly
measures one degree. By adjusting this hand wheel
mechanically, spark timing could be varied at will,
even at engine in operation. For a given quantity and
quality of the mixture under a given load setting, the
timing which gives the maximum speed. was taken
as the MBT timing. Fuel quantity is varied by
adjusting fabricated metering rod. inserted in
carburetor jet. These two arrangements help the engine
to run on MBT operation mode in each load of its
operations.

An AVL Electrical Eddy Current dynamometer
has been coupled to the engine. It has the facility to
control speed and load externally by a computer and
provision to record speed and torque fluctuations
(Fig. 3). An automatic fuel flow meter with digital
clock allows accurate fuel flow measurements.
Commercially available petrol mixed with proper
grade lubricant is used as fuel. A separate fuel tank is
maintained beside the main fuel tank. Fuel is drawn
from the bottom of the tank by an electronic fuel pump
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Fig. 4— Location and function of energizer™

and discharged to the top of the tank. High gauss
magnet is placed facing North Pole®™ rowards the
radiator core surface. which is placed next to the fuel
pump. Thig arrangement is properly shielded for
safeguarding the data acquisition system. The pump
is operated an hour earlier before commencement of
the experiments so as to energize the fuel. This fuel
recirculation tank can be accessed as one of the fuel
resources in the fuel line changer. Fuel line assembly
kit consists of four fuel lines with solenoid valves
control and LED indicators to know the fuel line alive.
This kit actually receives fuel either from main tank
or from recirculation tank but one at a time. All
solenoid valyes are connected with fuel line changer,
which is placed adjacent to the on line data acquisition
system. Fuel line selection can be done in the fuel
line changer itself. Manually adjustable solenoid
valve is also fixed for one fuel line for emergency
operation. CO and unburnt hydrocarbon emissions are
measured by an AVL make (Digas 4000 Light) exhaust
gas analyzer. Exhaust gases are allowed to pass
through a water trap immersed in ice bath to separate
the condensed water, so that only dry exhaust gas is
allowed into the ¢xhaust analyzer.

The cylinder pressure was measured using a Kistler
model piezoelectric pressure transducer flush mounted
in the cylinder head of the engine, The output of
transducer was fed to a Kistler model charge amplifier,
which possesses a high degree of noise rejection with
ground level current attenuation. For cach set of reading,
pressure data were recorded using a high speed AVL
data acquisition system timed by an optical encoder
mounted on the engine crankshaft and after collection,
each sample was transferred to a hard disk on a personal
computer system for storage and further analysis. A

Fig, 5 Different gauss values of magnets [1) 9000 pauss
magnet, 2) 4500 gauss magnet, 3) Radiator core,
4) 3000 gauss magnat)

sample size of 500 cycles was selected for further
analysis. Fuel line changer with solenoid valves helps
to change the fuel line to pass fuel in to variety of
energized bank. This magnetic source magnetizes' ™ the
fuel coming through the fuel line and prepares it for
better combustion (Fig. 4).

Initially the non-magnetized fuel line has been
selected in the fuel line changer and the engine i§
allowed to run 20 min for warming up before taking
readings. The engine has been operated in constant
speed mode of 3000 rpm, which represents the
average cruising road speed of the vehicle. The
exhaust gas analyzer is switched on quite early. so
that it will be stabilized before the commencement
of experiment. Ambient pressure, humidity and
temperature are noted. The fuel flow is varied to
supply rich and lean mixtures. Ignition timing is kept
advanced to run the engine on MBT operation mode.
The load on the engine is automatically controlled
by the dynamometer while keeping the engine at
constant speed.

After the engine is stabilized for a particular
operating point, airflow, fuel flow. and exhaust gas
temperature are recorded. The dynamometer readings
such as load, speed are also noted. At each operating
point, cylinder pressure traces of 500 cycles and their
average are measured and stored in a computer hard
disc.

Materials Used

Neodymium-Iron-Boron based magnets™*
(3000 gauss) is used for initial testing purpose. Rare
earth based magnets (4500 & 9000 gauss) have also been
used for testing (Fig. 5). The higher gauss magnets need
to be shielded to safeguard the encoder, data acquisition
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Fig, 7 Variation of pressure with crank angle at
optimized MBT run
system and dynamometer. A commercially available
radiator core was used as base to keep magnets on both
sides and allow fuel to recirculate around the magnets
to get energized fuel.

Methodology

Engine was operated on constant speed mode and
the following cases were considered: 1) Base engine
without magnet: 2) Base engine with magnet of
3000 gauss: 3) Base engine with magnet of 4500 gauss;
4) Base engine with magnet of 9000 gauss: 5) Copper
coated engine with magnet of 9000 gauss; and 6)
Zirconia coated engine with magnet of 9000 gauss.
Engine was allowed to run on lean limit with the help
of tabricated metering rod. MBT have also been
maintained with the help of timing gear wheel to validate
experimental data (Figs 6 & 7) with base performance
data. Inner surface of the cylinder head was coated with
copper chromate and zirconia by thermal evaporation
technique in a yacuum coating unit (Fig. 8). Above
experimental procedure has been repeated and data were
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Fig. 8— Coated heads

acquired, Air and fuel are subject to the lines of forces
from permancnt magnets mounted on the air and fuel
infet lines*™*. The magnet is oriented so that its south
pole is located adjacent the fuel ling and its north pole
is located spaced apart from the fuel line (Fig. 4).

Results and Discussion
Engine Performance

For the same amount of air fuel mixture supplied to
the engines, base engine gives a lesser brake power (BP)
and brake thermal efficiency (BTE) compared to the
energized fuel engine. The same trend is maintained
between base engine and catalytic coated engine with
and without energized fuel. This is due to the incomplete
combustion of the charge due to mixture limit inside
combustion chamber at a given compression ratio: Actual
volume of charge combusted is comparatively less than
the volume of charge entering the chamber. Hence,
amount of fuel charge to give mechanical power gets
reduced and this reduces BTE (Fig. 9a).

Fuel molecules start diffusing from free stream into
boundary layer and this fuel concentration at various
sub layers and at various crank angle position is found
to be different. Fuel level in sub layer near the free
stream shows: a sudden increase near TDC because
boundary layer thickness suddenly decreases near TDC due
to the effect of high Reynolds number. Due to this,
effective distance that the fuel molecule diffuscs
becomes lesser near TDC and hence the fuel levels in
sub layers were higher. The variation in fuel concentration
in sub layers near to the wall was less compared to the
sub layers near free stream. This shows that diffusion
rate of fuel is the main controlling factor in limiting
the reaction rate. In the magnet (9000 gauss) fuel line.
diffusion from the free stream to the layers is found
to be more and hence maximum mass of charge is
combusted for a given actual charge. This leads to a
higher mechanical power and hence a higher BTE
(Fig. 9a).
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Fig. 11— Cyelic variation for copper coated engine with 9000
gauss magnet (P =14.648 bar)
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Fig- 12— Cyclic vanation for zirconia coated engine with 5000
gauss magnet (P =14.857 bar)

Table 2 — Changes in different parameters with base, copper and zirconia coated engine with 9000 gauss magnetic flux

S No Parameters Base engine. % Copper-coated enging, % Zirconia~-coated engine. %
1 Increase in brake thermal efficiency .2 6.6 11.2

2 Increasc in peak pressure 6.1 9.7 13.6

3  Reductionin cychic varation 14.1 19,2 25.1

4 Reduction in CO emission 133 235 295

5 Reduction in HC emission 221

Air-fuel ratio (AFR) for BTE (Fig. 9a), CO
(Fig. 9b), HC (Fig. 9¢) and BSFC (Fig. 9d) were varied
from the minimum to a maximum extent and graphs
are drawn with various cylinder parameters against
AFR. Improvement in thermal efficiency and
reduction in exhaust emissions mainly depends
magnetically energized. With increase of load on
engine¢, combustion chamber temperature and air
movement increases. Efficiency increases as the engine
is made leaner 1o some extent and then it fails due to the
lean misfire limit,

Effect on Cyele Variation

The widely used parameter to analyze the
combustion variation in SI engines is peak pressure
(P,..), measured inside cylinder during combustion. As
combustion rate increases due to energized fuel, gas force
developed by combustion of the charge inside energized
fuel combustion is found more compared to that
developed at the base combustion. This increased gas
force leads to higher peak pressure for the same supply

373 442

of air fuel mixture (16.7:1) in energized fuel engine
(Figs 10-12). Also, eyelic variations of peak pressures
are controlled because combustion rate depends on
diffusion rate of the fuel, which further varies with crank
angle position. So maximum pressure is developed more
or less at a constant crank position in a cycle. So the
peak pressure at different cycles is improved,

Conclusions

There is significant increase in brake thermal
efficiency and peak pressure wher¢as decrease in CO,
HC and cyclic variation in case of copper and zirconia
coated engines as compared to base engine (Table 2).
The variation of peak pressures for continuous cycles
of coated engine (9000 gauss) is less than that of the
base engine:
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