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Abstract

Ihe effect of the amount of hydragen addition on the fuel consumption and emission of a spark
‘Emnition has been studied, Dynamometer test results for specific engine speed, engine load.
=quivalent ratio and hydrogen enrichment under steady state operation are presented and the
=ngme minimum b.s.f¢ specific. Experiments carricd out with a four-cylinder four stroke 3|
=agne confirmed the possibility of expanding the combustion stability limil. which correlales
wcll with the general trend of enhancing the rate of combustion. An increase of brake thermal
“ificiency has been obtained with a reduction of HC emission; the NOx emissions were higher,

“acept for very lean mixtures,
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Chapter One

General Introduction

® Foject Background.

B Project Scope.

= Foject Goals and Objectives.
= Froject Components,

- = Tahle:
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1. lintroduction:

As a result of increasing the number of vehicles in the world, the amount of environment
pollution mereased, the trouble of today's vehicle is that they still put out a lot of pollution duc

their basic fuel which is the fossil fuel,

Many technologies thal amived to the world today tried to solve the Aulomotives Gas emission

sut these solutions were on the account of engine efficiency,

= this project we will build a device that extract hydrogen and Oxygen from water then sdd it in
sarallel with Gasoline to the combustion chamber in 81 engines, by this we will try to reduce the

amission of toxie gases and increase the elficicncy of the Engine.

1.2 Project Background:

"at the majority of vehicles nowadays are powered by internal combustion cngines. More
specilically, most vehicles usc gasoline according to the so-called Otto Cyele and therefore

sometimes called Otto engines.

Samce the beginming of the twentieth century, specifically in the sixtics the Governments aof the
manufacturers of vehicles became aware of the problem of environmental pollution from toxic
pescs emitted lrom vehicles. Fvidence showed that environmental pollution has started to toke a

¢+ ecal form that is a threat to everything on earth.[10]

“imdng the best ways (o munage and reduce the pollution caused by cars is the biggest interest of
w8 designers and car manuliacturers, Extensive research studics and experiments are carried over

W achieve that task. Some did that by changing the design of the engine itself and made a few

“Sasecs on the basic structure of the engine to reduce the emission of toxic gases. Others




Sevelopad systems for treating exhaust gases such Catalvtic Convertor which oxides and reduces
these sases o like the B0 R, " exhaust gases recyeling " in which some of the exhaust gascs arc
returmed o the combustion chamber with new [resh mix. These methods have proved
effecliveness m reducing exhaust pas, bul at the expense ol enpine efficiency and in addition to

sl il meeds certain conditions to be met.
Sescarch 18 continued on the subject and it 1s divided into two catcgorics:

TR use of altermalive fuel

Rz creation of hybrid svstems

5 look for the use of altemative fuel and the use of hyvhrid ensines was due 10 several reasons,

most importantly:

reduce the emission of wxic gases
T8 continuing decline in global stock of natural oil, which iz the main =source of fuel for cars. It

s expected the oil will be completely used in the next fifty years.

The idea of using allernative energy was ficst raised in the beginning of the twenticth century.

St was pul o use In a practical way al the end of that century, Among the most prominent Lypus

¢ altemative fuels;

ENg RS

wucficd natural gas
=WATOECN
Sesearchers and experiments in this direction were faced with so many problems. In particular
whem bio [uels were used ethical questions raised beeause those are food sources that a lot of the

weerdeveloped countries do nol even have.

toer problems cmerged from using hvdrogen as a source of fucl, Extraction of pure hydrogen
st s storage nocds advanced wehnology costs a lot of money. Also some people considered

Be cars conlaining hydrogen lanks o be moving bombs in the strects since hydrogen is

svresely lammable and vombustible (1.2, its reaction with oxygen is sort of an cxplosion).




The word hyvbrid means composed of elements originally drawn from diflerent origins. And
when Il comes Lo cars it means involving a number of specific elements in the formation of a

sngle operation (1.e. Work penerated by more than one source of energy). [3]
There are several types of hybrid systems:

Hybrid clectric motor and internal combustion engine

“wdraulic hybrid engine with an intemal combustion engine

‘nternal combustion hybrid engine using more than one fuel such as gasoline and cooking gas
e clectric motor may usc several sources to charge its batierics. Batteries might get charged
Swough the work af the inernal combustion engine, or through the movement of the wheels

Surmg braking or driving down hill, and some are charged by solar cells.

“he process of producing Hydrogen from water is not new technology. Produsing hydrogen from
water was discovered in 1879, Only recently hydrogen has been applied to fueling cars. trucks,

e tractors.[3]

Szizr (H2O) disintegrates to (Ilydrogen and Oxygen) through a process of electrolysis. The

“wdrogen and Oxygen aloms are separated; the hvdrogen is nsable fuel for internal combustion

i
Ll

D

Swweloping this technology specifically to supplement the existing [ossil fuel required by mast
semicles on the road today is new lrend in the world. Our systems are designed to be hvdrogen on

Ssmand system,

"% means that the engine uses the hydrogen fuel as it is produced. There is no storage of

Swrogen and it's not stored in a pressurized enviranment.

“8e svstem use a small pertion of excess electrical energy that engine produces to supply the
Sedrogen generalor with the electnical current necessary to the electrolvsis process and to the

wsosance circuil. The System Control Manager monitors and regulates the cleetrical current to

B generator protecling it and the vehicle:[2]




1 3Project Scope:

“he scope ol the project is to build extraction device to get hvdrogen and oxyegen gases o reduce

sssion and to increase the engine performance. This includes the following main lopics:

Ceesiem and building of water based Hydrogen gas extraction Deviee,
Messure the amount of [Tydrogen gas we can extract from specific amount of water by the
sevice we will baild.

#e will choose a gasoline car so we test the emission, performance, fuel consumption of the

')

TG,
smaliation the hydrogen gas Device in the engine housing and connect it to the intake manifold

“esting the emission, performance, fuel consumption of the engine after installing and operating

e hydrogen gas device and compare iU wilh previous lest.

.4 Project Components

MEAZIDA 323 1.6

Sedengen Extraction Deviee Based on clectrolvie and resonance circuit.
Sk volume flow meter

Sheetne power supply

e analvzer device

Se=alntion counter




1.5.1 Time Table:

The ime table for the first semester is illustrated in (Table 1.1),

Table 1.1: The time table for 1* semester

Ohjective

Selecting Project title

Week Number

Setting the Project
Goals and Objects

Determining the
Scope of the project

Collecting the related
mformation

Theoretical data and
malysis of
Combustion for
Svdrogen-(Gasoline
Mhxture

Wrniting and
Smzlizing the project

—P‘matiou




1.5.2 Time table

"8 ume table for the second semuster is illustrated in (Table 1.2).

Table 1.2: The time table for 2nd semester

Eyective Week Number

Fmong an  existing

Sssoline engine

S 2l tests needed on
e engine  without

s hed

il4[s]e[7]elolmmlit]12

Sewstst the equipment |
it needed

Said HHO device

14

15

16

Bepest  lests  with
Emched by hvdrogen

e and Finalizing

2oyl

= — = AT ]




L6 Primary Budget

sunary estimates are made for the project components as listed in table (1.2)

Table 1.2 Budpat

TASK COST |
| (NIS) !

Kescarches and Internet o 130 |

Transportations 100

Printing papers 120

Equipments 1450

Aceessories of the project 500 i

TOTAL




Chapter Two

“sdrogen from Water

S [l

L.
—Sogen propertics

“rogen Extraction Deviee Layoul.

“wivozen Extraction Device Components.




2.1 Introduction

Hydrogen can he gencrated from water by “spliting' it from oxveen. The most well-
smown process is electrolysis, bul other mechanmisms exist as well, such as catalyst in the
sresence of heat (e.g. solar), or superimposing radio frequencies. This project will use the
ssonance circuit in addition to electrolysis process in order (o have a larger amount of hydrogen

W be sufficient for an internal combustion engine,

e sumple statement that water is made from h}\f:{mgen and oxyeen doesn't give us a very clear
et of what really goes into the creation of a molecule of water. A quick look at the chemical

sgsation for the formation of water tells us more. [12]
2+ O =2H:0 (2.1

¥ mkes two molecules of the distomic hydrogen gas, combined with one molecule of the
Sasomic oxygen gas to produce two molecules of water. In other words the ratio of hydrogen to
Wveen is 201, the ratio of hydrogen to water is 1:1, and the ratio of oxyvpen to water is 12,

There's something mare though thar docsn't show up in the equation. Frergy, The
Semation of water from ils elements produces, in addition o water, a tremendous amaunt of

gy, 372 kI to he exact. [7]

2H» + 0= 21120 | ENERGY (2.2)
This is an example of an exothermic reaction, a reaction that produces energy. Il is also
sxample of what is called a combustion reaction, where a substance (in this case hydrogen

= combined with oxygen.

o= 15 a good, elean fudd, producing only water as a hy-product. Unfortunately it produces

<5 enerey that it can get out of control, resulting in an explosion. Bul let's furget ahout that




sxplosive part for a minute and think about the possibilities. Hydrogen as a New Clean Fuel
“ould be the end of the energy crisis, but where would we get the hvdrogen?

¥'s the same chemical reaction, but run in reverse:

11,0+ ENERGY = 2H: + O3 (2.3)

+.2 Hydrogen properties

2.1 Introduction to Hydrogen

Sydrogen is the simplest; 1t is made up ol one proton and one electron revelving around the
st In its normal gaseous state, hydrogen is eolorless, odorless, tasteless, and non-toxic and
Serns invisibly.

= 1766:-81, Henry Cavendish was the first to recognize hydrogen gus as o discrele substance,
e that it produces waler when burned, a properly which gave it later its later name. which in
ek means "waler-former”. Al standard temperature and pressure, hydrogen is a colorless,

siurtess, nonmetallic, wsteless. highly combustible diatomic gas with the molecular formula H2.

¥ 145 times lighter than air and docs not naturally exist as hvdrogen gas but rather as part of'a
ssmpound where it is bonded 1o other clements. For example, it is found in water (H20) and in
Sesecarbons such as natural gas (CH4), To produce pure hydrogen we have to ‘unlock’ the
Semecal bonds in the molecules that lorm these substances.[12]

+.2.2 Density and Related Measures

S een has lowest atomic weight of any substance and therefore has vory low density both as
s and a liguid.

11




Specific Volume

Specific volume is the inverse of density and expresses the amount of volume per unit mass.
s, the specific volume of hydrogen gas is 191.3 fi2/db (11.9 m3/kg) a1 68 °F (20 *C) and 1
s, and the specific valume of higuid hydrogen is 0.226 f&3/Ib (0.014 m3/kg) at —423 °F (- 252

C)and | atm. [[1]

Lxpansion Ratio

The difference in volume between liguid and gascous hydro-gen can easily be
spreciated by considering its expansion ratio. Bxpangion ratio is the ratio of the volume at
wach a gas or liquid is stored compared to the volume of the gas or liquid at atmospheric

sressure and {emperalure.

% 5en hydrogen is stored as a liquid, is vaporizes upon expansion lo atmospheric conditions with
& comresponding increase in volume. Hydrogen's expansion ratio of 1:848 means that hydrogen
= s gascous state at atmospheric conditions occupies B48 times more volume than it does in its

aed state. [12)

When hydragen is stored as a high-pressure gos at 3600 psi (250 bar) and atmospheric
smperature. its expansion ratio to atmospheric pressure is [:240. While a higher slorage pressure
sreases the expansion ratio somewhat, gaseous hydrogen under any conditions cannel approach

e expansion ratio of liquid hydrogen.[12]

“vdrogen Content

“ e as 2 liquid, hydrogen is not very dense. lronically, every cubic meter of water (made up of’
Ssocen and oxygen) conlains 111 kg ol hydrogen whercas a cubic meter of hiquid hydrogen
ssnsans only 71 kg of hydrogen. Thus, water packs more mass of hydrogen per umit volume,

Secsuse of its tight molecular structure, than hydrogen itself. This is troe of most other liguid

12




“yrogen containing compounds as well; a cubic meter of methanol contains 100 kg of hyvdrogen
= a cubic meter of heptane contains 113 kg, Hydrocarbons are compact hydrogen carriers with

S added advantage of having higher energy density than pure hydrogen,

=.2.3 Leakage

% molecules ol hydrogen gas are smaller than all ather gascs, and it can diffuse through many
mascrials considered airtight or impermeable to other gases. This property makes hydrogen more

S 58cult W contain than other gases.

~=2ks of liquid hydrogen evaporate very quickly since the boiling point of liquid hydrogen is so

sxtr=mely low.

~wiogen leaks are dangerous in that they pose a risk of firc where they mix with air However,
% small molecule size thut increases the likelihood of a leak also results in very high huoyancy
s dilTusivity, so leaked hydrogen rises and becomes diluted guickly, especially out-doars, This
sts oo very localized region of flammability that disperses guickly. As the hydrogen dilutes
#8 distance from the leakage site, the buoyancy declines and the tendency for the hvdrogen to
Smimue to rise decreases. Very cold hydrogen, resulting from a liquid hydrogen leak, be-comes

Swowani soon after is evaporates. | 7]

In contrast, leaking gasoline or diesel spreads laterally and evaporutes slowly resulting in
» wdespread, Imgering fire hazard. Propane gas is denser than air so it accumulates in low spots
s Ssperses slowly, resulting in a protracted fire or cxplosion hazard. 1leavy vapors can also
s vapor clouds or plumes that travel as thev arc pushed by breezes. Methane gas is lighter
W=z, but not ncarly as buoyant as hydrogen, so it disperses rapidly, but not as rapidly as

e[ [ 2]

nd




2.24 Energy

Energy Content

Swery fuel can liberute a [ixed amount of energy when it reacts completely with oxygen to form
water. Lhis energy content is measured experimentally and is guantified by a fuel’s higher
Se=ting value (IT1TV) and lower heating value (1LHVY). The difference between the HHY and the
“ IV s the “heat of vaparization™ and represents the amount of cnergy required 1o vaporize a

“zuid fuel into a gaseous fuel, as well as the enerpy used to converl waler Lo sleam. [6]
“ e higher and lower heating values of comparative fuels are indicated in appendix C.

Swdrogen has the highesl cnergy-to-weighl ratio of any fuel smee hydrogen 15 the lightest
slement and has no heavy carbon atoms. It is for this reason that hydrogen has been used
sxtensively in the space program where weight is crucial.

S amount of energy liberated during the reaction of hydrogen, on a mass basis, 1s about 2.5
smes the heat of combustion of common hydrocarbon fuels (gasoline, diesel, methane, propane,
w | Therefore, for a given load duty, the mass of hydrogen required is only about & third of the
mass of hydrocarbon fuel needed, [12]

Emergy Density

% energy density is really a measure of how compaetly hydrogen atoms are packed in a fuel, It
Slows that hydro-carbons of increasing complexity have increasing energy density. At the same
e hydrocarbons of inereasing complexity have more and more carbon aloms in each molecule

e St these Luels are heavier and heavier in absolule terms.

= this basis. hydrogen’s encrpy density is poor (since it has such low density) although its
smerey to weight ratio is the best of all fuels (because it is so light). The energy density of

14




comparative fucls, based on the LITV, is indicated in appendix C. The energy density of a lead

3 3
2cid hattery 1s approximately 8700 Biuw/it (324,000 klim )[12]

2.2.5 Flammability

“hrec things are needed for a fire or explosion to accur: 8 fucl, oxyzen (mixed with the fuel in
Spwopnale quantities) and a source of ignition. Hydrogen. as & Nammuble fuel, mixes with
“%yzen whenever air iz allowed to cnter a hydro-gen vessel, or when hydrogen leaks from any

wessel mto the air, Tgnition sources take the form of sparks. flames, or high heat,

Flashpoint

A fuels bumn only in a gaseous or vapor state. luels like hydrogen and methane arc already
eses at atmosphenic conditions, whereas other fuels like gasoline or diesel that are liguids must
Ssevert 1o a vapor belore they will hum, The characterigtic that describes how easily these luels
== e converted to a vapor is the flashpoint. The flashpoint is defined as the temperature at
wiech the tuel produces enough vapors to form an ignitable mixture with air at its surface. |7]

Fame Characteristics

Sedrogen flames are very pale blue and arc almost invisible in daylight due to the absence of




=3 Extraction Device Layout

e way to converl Water to Hydrogen and Oxygen is through the process of Tilectrol vsis - using
s=cineily as the source of energy to drive the reaction. Let's take a look at what that might look

T

L {leygn®

Py

Figure (2-1) water efectrolysis pracess, [ 1]

%= electrical power source is connected to two electrodes, or two plates (typically made from
satinum or stainless steel because it have good corrosion resistance) which are placed in the
waszr. In a properly designed cell hydrogen will appear at the cathode (the negatively charged
sectrode, where electrons are pumped into the water), and oxygen will appear al the anode (the
mesuvely charged electrode). Assuming ideal faradays cfficiency the generated amount (moles)
W Bypdrogen is twice that of oxygen, and both are proportional to the total electrical charge that
w=s sent through the solution. However, in many cells competing side reactions dominate,
msulting in different products and less than ideal faradays efficiency.[3][12]

“estrolysis of pure water requires excess energy in the form of over potential to overcome
sssous activation barriers. Without the excess energy the electrolysis of pure water occurs very
wsdy af at all, This is in part due to the limited self-ionization of water. Pure water has an
Secincal conductivity about one millionth that of scawater. Many electrolytic cells may also lack
e requisite electro catalysts. The efficacy of electrolysis is increased through the addition of an

secendyte (such as a sall, an acid or a base) end the use of electro catlysts.[7]
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Cathode (reduction):2 [O(!) + 2e — Hag)+2 OH ag)
Anode (oxidation): 4 OH(ag) =~ Oag)+ 2 HOM 1 4
Overall reaction: 2 H:O(7) = 2 Halg) + Os(g)

Stong acids such as sulfuric acid (H;804). and strong hases such as potassium hydroxide
KOH), and sodium hydroxide (NaOTT) are frequently used as electrolytes. This project will use
sadium hydroxide (NaOI) which known as hacking or cooking soda. the electrolysis reaction is
more cfficient at higher temperatures so it possible to usc the engine heat as supplied encrgy

S reaction, this will reduce the electrical energy needed .

Sefaring to Figure (2-2) on the following page, the Hydrogen extraction device housing is a
wmnd cylinder constructed with high temperature resistance pipe, a material widely used hy the
swilding industry in plumbing systems. Pipe is extremcly durable and temperature tolerant. Tt's
ss0 a very “friendly” material in that it’s easy to work with and can be used to fabricate other
“ungs such as [urniture, planters. The Generator housing conlains basic plates and ten square
“ectrodes; used to generate both hydrogen and oxvgen. Lach can be made from a vanely of
warcaials such as stainless stecl, also very durable materials. However, the generated hydrogen is
& very powerful and fast burning gas created by the plate electrodes, A precisely controlled, high
Seguency electronic signal from the electronic Module activates and controls the electrodes. [ 7]

"8 Module contains electronies circuits for controlling and/or providing power to all the
water-hybrid system’'s electrically oporated devices. Separate cirouits exist to perform cach of the
Wowing functions:

Sovide power to the Generator electrades in the form of a high frequency signal, creating
Sedogen and oxyeen.

“omtrol power to the water tank pump via signals received from the Generator waler level




Provide busing and terminal points for distributing power to system gauges, indicators, and

sensors.[6)]

Figure (2-2) hvdrogen exiraction device [2)

24 Hydrogen Extraction Device Components

B¢ main component of the hydrogen extraction device is the resonance circuit which treats
water as the intermediate material in Lhe capacilor

e pulsing transformer (A/(7) steps up the voltage amplitude or voltage potential during pulsing
sperations. The primary coil is elecirivally isolaled (no electrical connection between primary
and secondary coil) to form Voltage Intengifier Circnit (AA) Figure (3-2). Voltage amplitude or
soltage polenlial is increased when secondary coil (A) is wrapped with more turns of wire.
“sotated electrical ground (T) prevents electron flow from input circuil ground_ (2|




CHARGING CHONE
BLOCKING (RESISTVE COIL Nl'ﬂé%

ASE VOLTAGE % T
i i EXCITOR ER)
ARRAY (
(CAPACITOR)
m £ /

s e
0

s \
m%agcm RESOMANT CHABGING CHOKE (0)
(4} (RESISTIVE COIL WIRE R

Figure (2-3) voltage intensifier circuit
Slocking Diode

Blocking Diade (B) prevents electrical "shorting” o secondary coil (A) during pulse-off

“me since the diode "only” conducts clecirical energy in the direction of the schematic arrow.

LC Circuwit

#esonant Charging Choke (C) in series with Fxcitor-array (EVE2) forms an inductor-capacitor
ewcuil

L) since the Executor-Array (ER) acts or performs as an capacitor during pulsing operations.
w ilustrated in Figure (2-4) as to Figure (2-3).

15
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Figure (2-4) I circuit

The Diclectric Properties (insulator to the flow of amps) of natural waler (dielectric
“mstant being 78.54 @ 25¢) between the electrical plates (EVEZ) forms the capacitor (ER).
Waier now becomes part of the Voltage Intensifier Circuit in the form of "resistance” between
“ecincal grounds and pulse frequency Positive-potential ... helping to prevent clectron flow
*=hin the pulsing circuit (AA) of Figure (2-3).

The Inductar (C) 1akes on or becomes a Modulator Inductor which sleps up an oscillation
W' s mven charging frequency with the effective capacilance of a pulse-forming network in order
% charge the valtage zones (E1/F2) to an higher potential beyond applied voltage input.

The Inductance (C) and Capacitance (FR) properties of the LC circuit are therefore
“mmed” 1o resomance at a certain {requency. The Resonant Frequency can be raised or lowered hy
~sengmg the inductance and/or the capacitance values, The establishad resonant frequency is, of
“urse, mdependent of voltage amplitude, as illustrated in Figure (2-5) as to Figure (2-6).

20




VARIABLE ANALOG VOLTAGE
AMPLITUDE

PULSE TIME ——=—

Figure (2-5) applied voltage ta the plates

VARABLE ANALDG VOLTAGE
AMPLITUDE

Fieure (2-6) applied resonant

The value of the Inductor {C), the value of the capacitor (ER), and the pulse-frequency of
S voltage being applied across the LC circuit determines the impedance of the 1.0 circuit.




“he impedance of an inductor and a capacilor in series, Z series is given by

Lygries = (Ko — X1)

Where X.= — X, = 2afl

% Resonant Frequency (F) of an LC circuil in serics is given by

F=——

2myLe
“Wan's Law for 1.C circuit in series is given by
Vi=1Z

L Voltage

The voltage across the mductor (C) or capacitor (FR) is greater than the applicd voltage

~ . At frequency close to resonance, the voltage acrass the individual components is higher than
= spplied voltage (H), and, at resonant frequency. the voltage VT across both the inductor and
e Capacitor are theoretically infinite. However, physical constraints of components and circuit

weeraction prevent the voltage from reaching infinity.

8 voltage (V1) across the inductor (C) is given by the equation.

s AL
i (K= e

"% voltage (VC) across the capacitor is given by

o ey
£ =X
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During resonant interaction, the incoming unipolar pulse-train (H) of Figure (2-3) as to

sure

i)
1

=) produce a step-charging voltage-cflvel across Exciter-Array (ER), as illustrated in Figure (2-
“ad Figure (2-3). Voltage intensity increases [fom zero 'ground-staie’ to a high positive voltage
“wential in a progressive lunction. Once the voltage-pulse is terminated or switched-off, voltage
Sutential returns to “ground-state™ or near ground-statc to start the voliage deflection Process
sver again,[ 6]

Vi ﬁ""\ﬂ{r'ﬁﬁ Y WYY Py
Ve = - =] ] =
Vb = = e ik =] S5
y "f
L-—Pﬂ—.-n
18
PR g -

“wwre (2-7) variahle amplitude gated unipolar pulse frequency dynumically controls hydvogen

v vield on demand while inhibiting current flaw

S age mlensity or level across Executor-Arrav (ER) can excesd 20,000 volts due to circuit

“4 0 mteraction and is directly related to pulse-train (H) variable amplitude input.

WL C Circudt

wascor (C) is made of vr composed of resistive wire (R2) 10 [urther restrict 1.C, current flow
Sevend inductanee reaction (X1), and, is given by

Z=JRE+ (X — X.)? (2-8)
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Dual-inline RLC Network

Variable inductor-coil (D), similar o inductor () connected to opposile polarity voltape
wse (E2) further inhibits electron movement or deflection within the Voltage Intensifier Circuit,
Wovable wiper arm fine "tuncs” "Resonant Action” during pulsing vperations. Inductor (1)) in
s=ationship Lo inductor (C) clectrically balances the opposite voltage electrical potential across
smisee zones (THE2).[7]

I Resistance

Sinee pickup coil (A) is also composed of or made of resistive wire-eoil (R,), then, total

el resistance is given by

&= R; + zz‘i' 33-1— HE {2—1{])

Whewe R: is the dielectric constant of natural water.

- %m's Law as to applicd electrical power, which is
E=IR

P=E]
ﬁr:h}'
“sincal power (P) is a linear relationship between two variables, voltage (E) and amps (1).




Voltage Dynamic
Fotentinl Energy

Woltage is "electrical pressure” or “electrical force” within an cleetrical circuit and is
owT as voltage potential”. The higher the voltage potential, the greater "cloetrical attraction
reu” or Tleetrical repelling foree” s applied to the electrical circuit. Voltage potential is an
maltered” or “unchanged" energy-state when "glectron movement” or "electron deflection” is

wevented or restricted within the electrical cirewit.[3]

wltage Performs Work

Unlike voltage charges within an electrical circuit sets up an "elcotrical altraction force:
whereas, like electrical charges wilhin the same electrical cireuit encourages a "repelling action”',
® Solh cases, electrical charge dellection or movement is dircctly related to applied voltage.

e electrical "forces” are known as "voltage fields” and can exhihit either a positive or

westive glectrical charge.

sewise, loms or particles within the electrical circuil having unlike clectrical charges are

wscted to each other, ivns or particle masses having the same or like clecirical charges will

sewe away from one another, as illustrated in Figure (2-8).[2]
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Figure (2-5) voliage potential performing work

“urthermore, electrical charged ivns or particles can move toward stationary voltage fields of

wrosile polarity, and, is given by Newton's second Law
F

= —

i
B

% aceeleration (a) of an particle mass (m) actad on by a Net iorce (F),

Wherchy
s Force (F) is the "electrical attraction force” between opposite electrically charged entities,

= 15 mven by Coulomb's Law

=
Rr*

¥'=crEas

“erence of potential between two charges is measured by the wark necessary lo bring the

Sracs ogether, and, is given by
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-
e."
%= potential at @ point due to g charge (q) at a distance (R) in a medium whose dielectric

st ik

=

e Interaction o Voltage Stimulation.

WG stiucture of an atom exhibits two types of clectrical charged mass-entities, Orbital
s==wns having negative electrical charges (<) and a nucleus composed of protons having
wEve electrival charges (+). In stable elsctrical stale, the number of negative electrically
“weed clectrons equals the same number of rositive electrically charged protons ... forming an
s having "'no" net electrical charge,

WSemever une or more elecirons are "dislodged" from the atom, the atom takes on a et positive
se=mncal charge and is called a positive jon. If an electron combines with a stable or normal
WS the atom has a net negative charge and is called a negative ion,

e patential within an electrical circuit (sce Valtage Intensifier Circuit as to Figure 2-2) can
e one or more electrons to be dislodged from the atom due to opposite polarity attraction
w=we=n unlike charged entitics, as shown in [ gure (2-9) (see Figure (2-7) again as 1o Figure (2-

& 0 Newlon's and Coulomb's Laws ol electrical force (ER). [2]

LT

PLULAE W TaGE
FREUPENTY MUED Tiow

Figure (2-9) hydrogen fracture process
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Figure (2-10) electrical polarizaiion process

“5e resultant clectrival attraction force (qq') combines or joins nnlike atoms together by way of
“vzlent bonding to form molecules of gases, solids, or liquids. When the unlike oxygen atom
ombines with two hydrogen atoms W from the water molecule by accepting the hydrogen
“=ctrons, the oxygen atoms become "net” negative elecirically charged (-) since the restructured
“iygen atom now occupies 10 negative electrically charged electrons as to only 8 positive
==cincally charged protens. The hydrogen atom with only its positive charged proton remaining
= unused, now, takes on a "net" positive clectrical charge aqual to the electrical intensity of the
segative charges of the two electrons (aa") being shared by the oxveen atom ... salislying the law
* physics that for every action there is an equal and opposite reaction. The sum total of the two
sositive charged hydrogen atoms (++) equaling the negative charged oxygen atom (--) forms a
0" net electrical charged molecule of water, only the unlike atoms of the water molccule

suhubits opposite electrical charges. [2]
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Figure (2-11) electrical charges of the water molecule

" oltage Dissociation of the Water Molecule

“ecement of a pulse-vollage potential across the Exciter-Array (ER) while inhibiting or
weventing electron flow from within the Voltage Intensifier Circuit (AA) causes the waler
molecule to separale into its component parts by, momentarily, pulling away orbital electrons
=um the water molecule, as illustrated in Figure (2-11).

“5c smtionary “positive” electrical voltage-field (EI) not anly attracts the negative charged
“ygen atom but also pulls away nepative charged elecirons from the water molecule. At the
=mc time, the stationary "negative” elecirical voltage field (E2) aliracts the positive charged
fmgen atoms. Onee the negative electrically charged clectrons are dislodged from the water
molecule, covalent bonding (sharing clectrons) ceuses to exist, switching-off or disrupting the
“ectncal attraction force (gq') hetween the water molecule atons.

“%e liberated and moving atoms (having missing ¢lectrons) regain or caplure the free floating
“ectrons onece applied voltage is swilched-off during pulsing operations. The liberated and
“ectrically stabilized atam having a net electrical charge of "zero" uxil the water bath lor
mdropen gas utilization,

Sssociation of the water molecule by way of voltage stimulation is herein called "The Electrical

“anzation Process" [2)




Sabjecting or exposing the water molecule o even higher voltage levels causes the liberated
#oms to go into a "state” of gas ionization. Each liberated atom taking-on its own "net” electrical
harge, The ionized atoms along with lree floating negative charped electrons are. now, deflectad
pulsing electrical voltage fields of opposite polarity) through the Electrical Polarization Process
mparting or supenimposing a second physical-force (particle-impact) unto the electrically
charged water bath.

“scillation (back and forth movement) of electrically charged particles by way of voltage
Seflection is hereinafter called "Resonant Action”. Attenuating and adjusting the "pulse-voltage-
soplitude” with respect (o the "pulse voltage frequency”. now, produces hydrogen gas on
“emand while restricting amp Quw.

The natural frequency of water is a bit more complicated, because it takes into account the mass
o water molecules, the attraction between molecules, the distance belween molecules, and somc
wher stuff, Sullice il to say that most microwave avens put out a frequency of 2.5 gigahertz, This
weans that these microwaves pulse 2,500,000,000 Limes per second. This isn't the lowest (also
own as "primary”) resonant frequency for water, bul microwave manufacturers use 2.5 Gz
Secause they want the microwave to work at any and all water temperatures. There's lots more

wxano-babble about resonance, matching, and the engineering of microwaves.
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Chapter Three

Jats und analyses of Internal Combustion Eneine

& Etroduction,
*  he engine operation

= Userglion Parameters

“=zine Thermodynamic Fquation




3.1 Introduction

This chapter talks about analyze ICF from the thermodynamic point of view for hydrogen and
casaline. The ICE is an emergy converter thal converts the fuels inlernal {chemical) energy into
mechanical energy, The first ICE appeared in the second half of the 19 century. The
thermodynamic process that approximates the gasoline engine is named afler Nikolas Otto, who

auilt the first suceassful engine in 1876- hence the Ottn € vele[1]

The thermally-technical caleulations ol warking cycles of piston ICT have a ureat importanl in
e optimal works of research and development programs (for calculations of the thearetical

=ourses of pressurc and temperature of cylinder charge and for the measunng indicted diagram).

3.2 Operation Parameters
1.1 Rating Values of Engines

The most common parameters for engine performance are:

Maximum rated power: The highest power that #n engme is allowed 1o develop for & short
seniod of operation.

Normal rated pewer: The highest power that an engine is allowed to develop in continuous

operation

Rared spevd: The rotational speed of the crankshaft, al which the rated power is developed.

For vehicle applicalion, engine perfurmance is more precisely defined by

*+ The maximum power (or maximum torque) available at each speed within a useful cngine
operaling range.

< I'he range of speed and the power aver which engine operation is satisfactory.
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The equations necded [br calculation are:

"his cquation were goatherd from variable sources according to secondary air-luel ratio
sondition.

'he heat added given by:

Q=Mpuu *LHV*ny, () (3.1

Wherc:
.+ 15 Lthe chemical efficiency equal 94%.

Uhe mass of fuel given by:

M fuel = 2258 o vile) (3.2)

T AsAMFHL

ke total mass of the mixture that input to the combustion chamber given by :

M sct-toy =20 Pe
rotineTa

(g/eyele) (4.3)

Where:

74 15 displacement volume, it's given by:

50"
4

vy = (m?) (3.4)

- mix is the ratio between gas constant and molecular weight of mixture (fuel and air ).

“he mass of air is given by
M air =M act-tot —M fuel {3.5)

5= mass of residual gases is given hy:
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M e =0.06(M air +M fuel) (2.6)

The charge of the cylinder {which is [urmed from the sum of masses fresh air, fuel residual

2ases) was lor simplifying considered as air. it's given by: [7]

M act=M air +M fuel + Mg (3.7)

“he ratio between pas constant and molecular weight of mixture (fuel and air and residual gascs)

Ziven by:

(M air+ Mrgle=r air+M fusaisr fugl
M air+M fusl + Mrg

r mix-tol =

(3.8)

1he caleulating models with high level of the thenretical description are often inaccessible. Their
sivantages are possibly used as far as for the adoption of the seriss of the routine solution, So.
@ie research and development work of the piston engine, couldn’t overcome without
Sermodynamic caleulations, The research laboratory of the internal combustion engines for a
ong time vses is own calculating simulation model of the pressure and thermal states of the
working cycle, and watches the changes of the ¢ylinder working charge as well as by quasi static
sescription. The caleulating model consists of using the serics of the engineering simplilying,
which facilitates the design of model and the determination of major parameters of the working
“vele with sufficient acouracy . caleulating model describes the real {polytraphic) course of the
‘olumetric changes such as the combination of the adiabalic and isochoric changes , the heat

wansfer between the in-cylinder change and cylinder wall can be calculate by:[7]

Win=a*Se(lae-Is)At (5 (3.9)

Where:

% =heat transfer coefficicnl (w/m).
5 a=chamber surfacc area (m?)

© ce=the temperature ol cylinder charge (k).




=the cylinder wall temperature (k).

Lt =time of cycle (minute),

teat transler coethicient:

o —?92“{1 .P[I.] T92(k1.Pa) 0.7B6D - U214 Ta —-f.525 (1. ”J}
Where,
= consant

"= pressure of working eyele
* = hore (piston diameter)
- &= the temperature of cylinder charge (k).
L = (2.2R10.30K2) es. (3.11)
Where,
o= gomstant [3.5-5]
= miston speed (m/'s)
SN

Ch=—o (3.12)

ad

me ol the cycle can be wrilten it as:

At(l)=— (3,13)

% chamber surface area which detected 1o the heat can be caleulated by:

= g T e o . 2xDF
5o zI'E-:ﬂsu:.r Eﬁmujni}—T {3.14)
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Juring the compression stroke of the engine the piston moves o the top dead conter. the gas
volume decreases, and the pressure increase because work is done on the 2as by Lhe pistom.

During this stroke start the combustion of the fuel/air mixture.

The combustion vccurs very quickly and the volume remains constant. Hoeal is release during

sombustion, which increascs both the temperature and the pressure,

“he heat release from the combustion of fuel can be explained as;

b - S5 1
Wia=2+1) 23] 27182855 (N (3.15)

“ 5 gained heat can be conclusion from the last squarions, and calculated by:

$
#
Weh = TR e (3.16)
“be cylinder volume (specific volume) at any crank position @ can be determined by:
" NS it 8 s . v
Vo=3927 o———l-cosn -T Sinfe +sin‘a | (mykg) (3.17)
I
* viinder pressure changes with crank angle as resull of cylinder volume change and combustion
w heat transfer to the chamber walls flow into and out the crovice regions and leakage, The
Seow equation indicated how caleulating the pressure of the working cvcle inside the cylinder
S 1 crank angle:
.
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Vin D2Vl % !
Petl =Pl —Ja+t o—eer—Watl. Aa (M Pa) (2.18)

Where
Ao crank angle duration fequal 1}
= specific heat rabo

- a specific heat at constant volume (Tko.k)

‘he lemperature of cylinder charge changes with cylinder pressure and eylinder volume, Tt can

e caleulated by:

o~ P Vu & g
Torkl = —=10 (K) (3.19)

Whers

% mix : the ratio between gas constant and molecular weight of (fuel , air and residual gases)

"he specific heat ratio on temperature could be also determined for Diatomic gases using

smpinical equation as:

Ka=(1.41-572)*10-5]a (3.20)

o the previous equation, a specific heat  at constant volume can be cxpressed

B

Q= (321) |
ka—1
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I o determine the specific heats of el gas mixture, il is necessary Lo know the Composition of

Sie mixture us well as the specific heats of the individusl component.

1.2.2 Hydrogen equation:
IH,05 0,42 H,

When we dissociate water (Hz03) to hydrogen (12) and oxygen () and the percentage of

svdrogen and oxygen take from water is:

. iiirlar mass af axygen
Lhe per¢ 0 n froy a =
The percentage of oxygen from water js R e

Molar mass of vxygen (02) = 2*16 = 22

Moiar mass of water (H20) =2 * [12%1) +16] =26

So:

“he percentage of oxvgen from water = z—z *100%= 89.9
Molar mass of hydrogen (1) = 2(2%1) = 4

“he percentage of Hydrogen from water = ;—b * 100%=11.1%

% one mole of clectrons means one farad, its mean the amount of electricily that carrics by one

mole electron,

“arad = eharge electron (column) * Avopadro's number
=1.6*107" + 6.02%1022

=96352 column & (o make calculation ea -y
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= 96500 column
Intensity of the current that applicable in fuel cell:
The amount of electricity = current * time

The nel current roquired for the clectric process depending on the allernator is 44 ampere aficr
aking other demand on consideration, so the amount of hydrogen depends on current.

After taken the molar mass of hydrogen and the molar mass ol oxygen exiracted from waler, the
mass flow rale of oxygen entered manifold is summing of the oxygen [rom water and from air,
# the oxygen from waler decrease the amount of oxygen from air.

3.2.3 Yolumetric elliciency (1)

TRASS GF char ge acttunly inductsd

e = muss of charge represented by swept volume ot ampient lemperatirs & pressure {3'22)
- Mg
= = ¥
n Jamgy
v ANV,
Whers;
&= et air densily
= engine speed

v ~displacement volume

s




3.2.4 Heating value

Lower heat value for the hydrogen-gasoline mixture

b = (N7 Jea, + (N Do~ (NRF Y (3.23)

= 8(-393520) + (-241820)-[1(-208450)-(28600)]
= -3148160-2176380-494450)
= 48300901 Kj/Kmol

LHV = 41638.71 Kj/Kg

Lower heat value for gasoline

44.8% Mj/Ky

Lower heat value for hydrogen
113.73 Mj/Kg
Alr fuel ratio for hydrogen is 34.3:1

Lambda — 1.5

M9Csllyy + 0.1H, + 22.6(0; + 3.76 Ny )—— 7.2€0, + 8.2 1,0 + 84976N, + 15.0670,
123

Lambda = 1
29CoHya + 0., + 11.3(0; + 3.76 N, )—— 7.200, + 8.2H,0 + 42,88, (3.24)

Lambda = 0.8
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3.3 Engine Thermodynamic Equations

(he thermodynamic state of the cylinder content was calculated from the frst law of

thermodynamics written for the evlinder volume:
a5 :
Q=W+ =+ mh,+ mh, (3.25)

Where W is the rate of work done by the vpen system (which is equal to P dV/dl) @ = Q.+
s @ is the rale of heat relcases during combustion , ", is the ratc of heat transferred from
the cylinder wall to the cylinder content . dTi/ dt is the rate of encrgy change inside the open
system (which is equal to d{m ¢ [1)/d 1) and h, and are the enthalpies of the leaving and entering
molecules respectively . the rate of the pressure change inside the cylinder is obtained by

mtroducing the ideal gas law in the form of

di{mT)
diL

ay ar
et Ea=R (3.26)

into equation (3.25) and assuming the enlering mass undergoes a perfect mixing process. Then,
afler rearrunging equation (3.25) hecomes:

dp {l?'-ﬂ‘!;rp Ve Ty Wh—1) - kp v fett

= (3.27)

¥

Where k 15 the specific heat ratio |
The instantaneous mass flow raten, through any port in any direction (including back (lows)

was determined by :

!
(RPN ek =Rz :
mo=A (-T"_l__) },1,."#-:[1 _}r_k 1]1&}1-" (3.28)
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Where
Y= for gt E D (329)
And
2 (= -
:F,{mjha'a 1) (3.30)

Where A is the instantaneous effective port area, which was taken as 0.8 for its actual value | and

H and L denoted upstream and downsiream conditions respectively

The hent-transfer madel

The instantaneous heat inleraction between the cylinder content and its confined walls was
calculated by using the empirical expression of Annand for four stroke engine as following:

0.7
L= 026X (22)" @ - 1,0+ 0.690(r* — 74, (3.31)

v

Where K is the thermal conductivity of the £as, v is ils kinematic viscosity, Up the piston
velocity, D its diamcter,o the Stefan-Boltzmann constant andT,, the temperature of the inner side
ol'the cylinder wall. For this calculation, the temperature of the outside of the cylinder wall was
assumed (0 be constant al the temperature of the cooling water. The time  dependent
iemperature of the inner side was thereforc-caleulated hy using the analogue ohms law, while the

temperature profile across the cylinder wall was assumed to be linear.
The combustion process

The mass fraction of the burned mixture at any time was caloulated by using the wiehe fimction

as follows:
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(6—0ig). 5,

X = 1-exp {-[ a0, ] (3.32)

Where 6 and B are the crank snd the start of the combustion angles, Aby is the crank angle
mterval from start to completion (100 per cent) of combustion. ¢ is an

Ffficiency parameter and b is a form Lactor. The values of b and r were determined by matching
e computed P — ¢ diugram with experimental measurements.

The crank angle interval from the spark onset to the start of combu stion  (@spurp-fig). as well as

he interval from the start to completion of combustion Aty , werc

Estimated by using the proposed correlation of Hires et al. (3.32). As follows:

ﬂ @rk B N L I
Spark 1g = s _}1.-"3 {M]ZJ 3 f3.33]
(Es-pnrk = Hig]rcf Neey Hy

Where N is the engine speed and uy, is the laminar burming velocity, and

ﬂ.ﬂb A ( N "}1;3 {uh,rﬂf]zfg (3.54]
B8prer  Npay L

For small quantities of hydmgen cnrichments, where it is reasonable to assume that there is
=nough uir to facilitate the complete oxidation of the hydrogen, Yu etai (3.32) suggested that the

‘ammnar burning velocity, u,, , may be calculatad by using the following correlation:

Uy = Uy~ Y8 .33)

Where Uy,  1s the laminar burning velocity of the luel/ air mixture without hydrogen addition, S

5 a constant (=Q.83 mvs for hydrocarbon fuels) and Y is an indication of the relative amount of
Yydrogen addition, which is defincd by

L M/ HY A [l
[P+ tlatr - [ [atr s

—
(e
Ll
L=y
R

45




ITere [F1, [H] and [Air] denote the molar concentration of the fiel, hydrogen (H2) and air
respectively, and “s1” stands for stoichiometric
I'he laminar bumning velocity of the fueliair mixture without hydropen addition, Upp. was

caleulated by using the corrclation of Metghalchi and Keck (3.34), as [ollows :
= oy oAy S P
Upy = (rm} {Fm] {1—-2.1f) (337)

Where f is the mass fraction of the residual, "std' stands for standard

a=2.15-0.8(eh- T)
f=-0.16 - 0.22(gh- 1) (3.

¢ 15 the cquivalence ratio which is defined as follows

,_...
[T
[FER
[T -1
B S

_ [Fl/tlair]— [HCH] ot )s: 5
P (1 airTier 3%
arid
¢ —0.2758 0.7834 (p— 1.11)° (3141)

Nitrate oxlde formation

It 15 now widely accepled that the formation of NO in an enpine combustion chamber is a non-
cquilibrium process. in the present study the kinetic model for No is hased an the theory
developed by Lavoie et al in this model , only the processes occurring in the humed gas behind
the reaction zome are considered |, reactions in aflame are sufficientlv fast so thal the burmed
Zages are close to thermodynamic cquilibrium , we may therefore assume cquilibrium
cancentrations for all the species involved except for the NO |, Lavoic et al have shown that on
the time scalc of interest , only the following three kinetic reactione are important (the extended

Zeldovich mechanism ) :

NENO =N, + 0 k=210




N+0; -+ NO+0O k;=2%10" 3exp (-7.1/RT)

N = OHes NO ] ka— 7*10~ 11

Where  is in units of cubic centimeter per second, an explicit equation for nitric oxide tormation
is then oblained to vield

1 difnalvy o R’y aAn
Vooa S Atk—a) 14aR, (Rat Ry) 13.:42)

Where R, s the onc-way equilibrium rate of the reaction (for example R, =k [N].[NO],, with
the suhscripte’ denoting equilihrium concentration), a =[NOJ[NOJe and the equilibrium mode]
(36, 37) was used to determine the species concentrations required in the NO formation rute
equation- In this model 37 clementary reactions were considered 3.5 Carbon monoxide
formation Stark man and Newhal] (37) have noted that the CO concentration followed the same
trend as the peak equilibrium value for €O Hawever, during expansion CO concentration lags
between the curremt equilibrium value and the peak equilibrium value obtained in the evclc.
Benson and Baruah ( 38) suggested that the following simple modyl may besl fit experimental
observation:

[COI=[CO]. + £ ([CO]pear - [€0].) (3.43)

where the factor £ is 1 ealibration constant which lics between O and 1.
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Chapter Four

Practical and experimental data of h ‘drogen enrichment

*  Introduction.
*  Practival hydrogen extraction device.
* The engine instrumentation and data collection

= [P'ractical data

*  Conclusion




4.1ntroduction

An investigation has been done on (he influcnce of small amounts of hydrogen added 1o

hydrocarbons-air mixtures op combustion characteristics.

Experiments carried out with a four eylinder four stroke SI ensine confirmed the possibility of
expanding the combustion stability limit, which correlaies well with the general trend of
enhancing the rate of combustion. An increasc of brake thermal efficicncy has been obtained

with reduction of HC emissions; the NOx emissions were higher, except for very lean mixtures,
Lhe present work was conducted to further investigate the following issues:

Assess influence of small amounts of hydrogen addition on combustion characteristic in typical
passcnger car engine, with minimum adaptations

Assess improvement of engine brake specific fuel consumption and brake emissions by addition
ol small amount of hydrogen associated with a shift 1 the overall fuel-air rutio toward leaner
mixture,

In order to address the above ohjectives a four eylinder version of the 1.6 Jiter passenger car

engine was tested. And it was focused on light Toad eperation,

The first step of the project was to build the hydrogen extraction device which takes the most
time because the lake of materials in the national market, such as getting the MOSFET driver for

the control cirenit which took about 6 months,




4.2 Practical hydrogen extraction device

Figure (4-1) the practical hydrogen extraction device as we built ready (o be connected with

DPOWer Laurce.

O demand hydrogen extraction device was huslt mainly from

Stainless steel plates which used to be the electrolysis process electrodes, this project used ¥

plates with diminutions as shown in the tigure (4.2); 4cthodes, 4 anodes,

Figure (4-2) Cathodes plates wilh dimensions designed by CATIA




Fxpansion plastic container with diminution as follows, this container has two ports, one for
supplying water, second for oulput hydrogen. Also the clectric poles po out through the

conlainer wall with sealing for no leakage.

Figure (4-3) design of the exiraction device cartainer and its basic ports designed by CATIA.

Water which doped with an amount of 0.05% NaOI1 for making the process faster.
Fleetric module, the electric cireuit built was as shown in the figure (4.4)

The varible resistance which marked as throtile i the comtrolling element ol the hydrogen and it
can be connecled with the throtile pedal linkage or mechanism to take its position directly, the
square wave pulse ratio determines the amount of current sent Lo the Generator elecirodes by the
circuit of fgure (4-4). If the ratio is low (1:1), very little current arrives at the electrodes. So,
very little hydrogen and oxygen are produced by the Generator. The pulse ratio also called duty

cycle, |
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Figure (4-4).¢lectric conirol civewit J4].

If the duty cyele is high (10:1), maximum current reaches the clectrodes and the Generator
produces maximum gas volume. Varying voltage imput from a potentiometer connected via a
10KA2 resistor as shown in figure (4-4) to pin 3 of companent LM741 causes (he cireuit o vary
the pulse rativ, and therefore controls the amount of gases produced. The paientiometer shatt
conmects fo the vehicle throttle linkage, enabling control of gas volume in direct response to
voltage changes correlating with rotation of the polentiometer shaft in relation to throttle




positicning, A tiimming pulentiometer cormects pins 2 and 6 of component LM741, enabling

precise adjustment of the throttle input signal.

=

R

Figure (4-5) practical electric control circuit on oread hoard ready for fest.

A second trimming potenliometer connects pins 4 and 7 of component NES355, enabling precise

pulse width adjustment,

The electrode pairs of sach Generator exhibit a unique frequency of electrical resonance at which
optimum gas valume are created, This frequency often varies considerably among difYerent
Gencrators. Several factors determine resonance frequency such as: electrode size and shape,
Crencrator chamber size and shape, spacing between clectrodes, coil parameters and relative
positioning, and pulse amplitude (voliage level). A mmming potentiometer connected between
pins 1 and 2 of component CD4069 allows the precise frequency to be obtained. By selecling
various combinations ol dipswitch vonnections to a bank of four capacitors, pulse frequency can

be varied between approximately ¥ KHz and 260 KHz,
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Safety valve which works on the density principle “Gas density is lower than water density so ils

lend always to move upward and the flam never dive in the water Figure (4.6).

Figure (4.6) Salety valve

4.3The engine instrumentation and data collection

The test was performed on 1600 cm3 pussenger vehicle SI engine with four ¢ylinders in-lins.
The engine power and its torque were measured using a dvnamometer, The exhaust EHSES WIS
analyzed for CO, HC, CO2, and O2 by a Sun infrared gus analyzer, model SGA-9000, and for

NOx, by ITanatech gas analvzer, model 955.

All tests was made at 1800 rpm only, not for many engine speeds becausc of the complex of

adjusting the 10% hydrogen at vary engine speed

Then the output from the safety valve was connceted directly to the intake manifold as shown in

the Huure (4-7)

Initially the operation ol the extraction device was from extermnal electric source bevause the

electric module was not ready which without the device would draw high current from the
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engine battery, so the current was adjusted to have the amount of 8% of the intake air in the
manifold and the flow rate of the hydrogen was measured by a gas (ow meter alsa the

caleulation was made by the hel of http://www.stealth3 1 6.com/2-air-fuel-How_htm weh gite.
¥ I i~

I'he air volume flow rate was measured and the area of the intake port then the amount of the

hydrogen was adjusted to make the ratio of the enrichment 10%,

I'he total area of the manifold intake port is 4415.625 mm? and the area of the outlet of the

hydrogen device is 441.5mm?, then the air density caleulated using the “stealth3 167 11382 /1.

Also the hydrogen [low rate is about 10% of the air volumetric flow rate which was about 2.5

Liminute.

Caleulating the theorctical (maximum) volume of the hydrogen produced. also in cubic meters.
from the other data for the current and the time, using "Faraday's First Law™ is not enough

hecause the method is not electrolysis only,

Practically there are two primary frequencies that produce the best rezults. They are: 14,372 11z
and 43,430 Hz, The former is about 50% more efficient, but it scems that just sbout any
frequency between 9 KHz and 143,762 KHz warks quite well. This is because the nature of the
wave form (a spike) is rich in harmonics and one of them is bound to he close to une of the two

primary frequencies [4].

Fuel consumption was measured with a set of calibraled burettes. The hydrogen was meterad

manually with # regulator. While it’s volumetric flow rale was measured with a brook flow meter
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Figure (4-7) schematic diagramn briefly shows the project parameters.

T'he current drawn was measured by a clamp meter,

4.4 Practical data

The effect of hydrogen enriched near stoichiometric operation

Present the effect of the amount of hydrogen corichment on the improverment the effective
b.s.fe. of the engine, For this set of expenment the engine was first fuelled with gasoline and
operated al particular engine speed and throttle position. Then the fucl consumplion and the
torque were recorded, in the next step hydrogen was introduced into the intake manitold{fig 4-7).
while the fuel flow was reguluted to maintain the same developed torque at the same engine
speed and throttle position. Then, the [uel consumption m* as well as the hydrogen mass llow

rate m' 112 were recorded and the effective b.s.fc. was caleylaied.

An increase in amount of hydrogen enrichment improves the b fe. A declining rate,
depending mainly on the engine load above & per cent ol hydrogen enrichment. the deerease in
the b.s.fc. seems 1w be marginal throughout the experimental range. These findings may supgest

that at partial loads. an increase in the maximum temperature in the cycle (higher NOx
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emission), and a decrease in the duration of combustion (later spark advance) and an
improvement in the combustion process (decreass in HC emission), Improvement was oblained

for a wide range of enginc speed and intake pressure. Howsver, at hi gh loads it was ohserved

that when hydrogen was introduced 1o the intake manifold, the engine power deleniorated, The
power lose could not be recuvered by regulation the fuel flow, nor by altcring the spark advance
, it large portion of the cylinder volume occupied by the hydrogen and the mixture suffered from

a lack of air,

4.5 Fuel consumption

Engine designers compare the fuel consumption of different engines or different fuels by the
umount of fuel used in a period of ene hour for cach kilowatt developed. This is called brake

specific fuel consumption (b.s.fc). and depends on the calorific value of the fuel used.
The speeific fuel consumption stated for the hrake power of an engine. [9]

Juel consumed in g /hour

i fre= hralke power in few

Thus experiments was essentially different from the producer adopled for the case of near-
stoichiometric operation .in the present case the engine was first fueled with gasoline and
operation al u particular cngine speed, cquivalence ratio and throttle position. Under these
conditions only the spark timing was adjusted automatically for best torque .then the fucl
consumption and the torque were recorded. Tn the next step hydrogen was introduced into the
manifold, while the fuel Now was regulated to mainain the same developed torgque with a
corrected MBT at the same engine speed and throtile position. Then the fuel consumplion and

the hydrogen mass llow rale were recorded and the effective h.s.fo. was calculated. These Rgure

that reduction in brake specific consumption of the order 20-23 per cenl, may be obtained with
hydrogen-cnriched  gasofine. This is achicved by operating the engiie under Tean mixture
cotidition below the lower flammability limil of gasoline /air mixture .under these condition.
which arc achievable only at parhal load. lower throttling is needed and pumping work is

lowered. Here again it seems thal 2n increase in the amount of hydrogen enrichment improves

]
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the bs.fc. ata declining rate, and in a similar manner. as observed lor the near stoichiometric

opcration case. The decrease

addition throughout the exper

in b.s.fe. appears to be margmal above 10 per cent hydrogen

imental range of equivalence ratio.

Tables (4.1) brake specific fuel COnsumption

[ Hydrogen-mass b.s.f.c b.s.f.c

ratio [at T=15.15 N.m , P=34 kpa) | (2t T=28.1 N.m, P=41 kpa)
/’ 0 1 1

0.01 0.91 091
| 0.02 0.89 0.395

0.03 0.87 0.89

0.04 0.86 0.88

0.05 0.85 0.87

0.06 0.84 0.865

0.07 0.835 0.86

0.08 0.83 0.855

0.09 0.825 0.85

0.82 0.845
0.1
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— sl lamafhosfc (At
T=#.IN.m, P=41 kpa))
0.3
0 0.05 0.1
Hydrogen-mass ratio
Fivure (4-)

4.6 Emission

'mission was measured by two different gas analyzers and the tow devices gives the sume
results, the measurements was made at the engine operation temperature, also as mentioned
before all tesis was made at engine speed of 1800 rpm for the same reason which controlling the

amount of hydrogen.
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4.6.1 CO emissions
The CO emissions are substantially similar, for the two investigated operating regimes, Tt s only

when there is substantial difference in HC emissions that there is any corresponding reduction in
(0} concentration.

Table (4-2) CO Emission

® (O Emission

0.2 Lﬂ‘\ ] - {0
0.1 T Emission)

ﬂ?ﬁﬁﬂg

CO Emisslon




i 4.6.2 HC emissions

The following figure identifics the comparative specific 11C exhaust cmissions of the enpine
operaling with straight gasoline and gasoline enriched with approximately 10% in volume
hydrogen. In the domain of small excess of air the improvement by hydrogen addition is
nsignificant,
Table (4-3) HC Emission

Lambda | HC(GAS)(ppm) HC(Gas+12)(ppm)

T N e B o

1 6.8 &5 .

105 |61 | ez

13 6 6

115 7 63 i

L3 9.5 6.8

125 132 8

13 =t q

3 1.4 = 1 12.1
i
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Figure (4-10) HC Emission

4.6,3 NOx emissions

The NOx emissions are compared in the fellowing ligure, because of the exponential relationship
between NO formation and temperature, an increase of NOx concentration with the faster
burning mixtures by addition of hydrogen, in the domain of small excess of air, confirms the
capeclation. NOxX specilic concentration drops only for higher air-fuel ratios. with stable

combustion,

&0




l'able (4-4) NOXx Mmission

| Lambda | NOX(GAS) | NOX(GAS+H) |

/ 0.95 ] 255 7.9 r

1 | 28 | 28

‘ 1.05 30 | 275 f

1.1 27 27

‘ 1.15 24.5 265 |

1.2 15.5 25.5

| 1.25 5.5 245 .
1.3 | — 16.5 |
1.35 — 13

1.4 } L 6.5

]

a0

E

g * NOX[GAS)

b4

o B NOX{GAS+H)

— =l aaNOK(GAS))
S sl i NOK(GASHH))

Lambda

Figure (4.11) NOX F. Essian




4.7 Conclusion

An improvement of brake thermal cificiency up to 10% can be obtained by hydrogen addition, if

coupled with favorable change of @ir fuel ratio and the throttle opening.

A significant decrease of HC emissions results by hydrogen addition only with leaner mixtures,
reduction up 1o 35% were thus obtained. The NOx emissions tend to be increased al low excess

air,

Finding the hydrogen-gasoline ratio. correlated with over all air-fuel ratios and the cngine speed
and torque with break thermal efficiency and the emissions as optimized functions can he
considered a problem of practical interest, even when small consumption of hydrogen s

accepted.

4.8 Recommendation

The first difficulty in this project is to have the suitable current for the on-board hydrogen
extraction process so it is important (o make researches about praclical methods for having high
current on-hoard such as making [aradi disks, or by extending the researches about clectric

TESONANCE Circuits,

Lhis project was performed on an open loop system to avoid the modification on the electric
module of the engine so it’s recommendeod to make this enrichment on a closed loop system and

muke the suitable modification and improve the vontrol of enrichment process.

As this project have good results in enriching the gasoline engine with hydrogen it recommends

to make the same enrichment for the diesel engine and 1o assess the effects as in this project.

For good results and emission of hydrogen fuel it's better to use hydrogen anly as a fuel.
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Appendix A

The parameters which mven for this engine.

Parameter Symbaol Magnitude

Bore (mm)
Stroke{mm)

Condition rod length {mm)

R oY

Engine speed (1/min)

Compression ratio

™

Atmospheric pressure (Mpa) Pa

Ignition duration (CA) H
Ignition charaeteristic No.(-) I
Ignition starting (CA) 5
Cylinder wall temperature(K) Is
Ambient temperature (K) Io
Appendix B

Vapor and Liguid Densities of Comparative Substances

Vapor Density Liquid Density (at normal

{at 68 "F; 20 *C, 1 atm) boiling point, 1 atm)

Hydrogen | 0005229 b/t 4432 Ib/i*

0 08376 kg/m™) (70.8 kg/m”)
Msthane 0.0408 Ibift 26 4 Ib/ft’

0 65 ka/m*) (422 8 kg/m®)
Gasoline 0.275 IbAt® 43.7 b/

(4 4 kg/m" (700 kg/m™)
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Appendix C

Heating values of comparative fisl

Higher Heating Value

(at 25 °C and 1 atm)

Hydrogen | 61,000 Btu/lb (141.86 kJig

Lower Heating Value
(at 25 °C and 1 atm)

Methanol | B 580 Btuib (19 .96 kJ/g)

T 760 Btuib

21,500 b iy
Methane 24 000 Btu/lb (55 53 kJig) 21.500 Bhuth 3)
Propane | 21,650 Btu/lb (50 36 kJ/g) | 19,600 Bl (456 kJig)
Gasoline 20,360 Btu/lt (47 5 kd/g) G000 Biuth (44 5
Diesel 19,240 Btu/lb (44.8 kJ/g) 18,250 Btulb (42 5

Appendix D

Engine Specification

Cylinders 4
Displaccment 1600 ce
Fuel system Carburclur
Manufacturer Mazda

| Boremm 73

Horse Power Output

55hp @ 4B0Orpm

Stroke mm 23
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