CHAPTER II

THEORETICAL AND LITERATURE REVIEW

2.1 Fundamental principles of t jJyr-stroke cycle engine.(2,3)

Reciprocating 1 operate on either the four

stroke or two-stroka cle engine 1s the most
commonly used fo y in road vehicles. The
two stroke engine | nger cars, motor cycles,
and outboard marin:

The four-sire’ 10:1 engines utilizes the
reciprocating pist wherein a piston slides

back and forth in a Wy

through, usually, a simple

connecting-rod and cré (% ve shaft. The four-strokes of

these engines are:

1. An ke A.Jiel and air from the

i
N

carburettor into ? A I. 4 open intake valve by

the down-stroke o®4 piston (Figure 2.
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gnition and consequént burning @£ a homogenogy mixture at the
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rature and pressure of the gases, the piston then descends downward
on the expansion or power stroke, Figure2.1c

4. An exhaust stroke to sweep the cylinder free of burned gases,
Figure 2.1d
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In its simplest form, gasoline is a complex distillate of crude oil,
comprising fractions that boil off over a range from about 25 °C to 220 "C
for carburation, or ambient to 220 °C for gasoline injection since such
system do not have float chambers from which the fuel can boil off when
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the engine is hot and perhaps flood the engine or cause vapor lock in fuel
system. Evaporation from the surfaces of liquid occurs at temperatuwies a
below their boiling points.

For use in motor vehicles, the gasoline must have certain chemical
and physical properties, otherwise it will not pass satisfactorily up from the

tank to carburetor or injectors, fi suitable mixture with the air and burn

efficiently in the cylinders il ; Juate power.

2.2.1 Volatilit
Gasoline shoig Mg characteristics for the
climate and altitude wherwise, the gasoline may
p speed and power of

by making the fuel-air

cause vapor lock.
and engine by resy
mixture “lean”, mayf Ji Won. Complete vapor lock

chokes off the cngine’ {715 - 'n it and making it difficult to

2.2.2 Ant ‘;’:

A o gL
engine speﬁ antiknock quality
(octane numb éthmu ghout i entire digsllation range@ The antiknock

qual’él RN U AN I L Bomposiin,

but thl quality can be increased by the addition of antiknock agents.



2.2.3 Gum

Gasoline should be free of gum-forming materials in order to avoid
clogging of engine fuel systems, carburetor malfunction and sticking of

engine intake valves.

2.3 Gasoline Additive (

. antiknock quality, easy
starting, quick war g {4 ' low engine deposits For
. RN the compounds used in
blending motor g 4B == \ Wht straight-run gasoline,
catalytic reforme £ . \8Nie, hydrocracked gasoline,
‘ dcSired Reid vapor pressure.

The quanﬁty and cof Fantiles oS i“ed, must be determined by

M — £
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Al -
Oxygenated 'cu‘mpounds that are widely used are methanol, ethanol,

A N NN
problem mmelr wa’tf.:r content exceeds a critical level, the blend
sep ular weight
alcﬂmﬁmmm*ﬂsmmaﬂ increasing

the gasoline solubility of the polar phase thus, increasing the equilibrium

e the most serious

concentration of methanol in the gasoline phase. However, it has been
found that methanol and formaldehyde in exhaust emission can cause slight

air pollution. MTBE is more commonly used because it does not have the



problem mentioned above. The increasing demand for MTBE will lead to
insufficient supply in future, therefore there are many research projects to

discover other compounds that can work as efficiently as MTBE.

2.3.2. Dispersant

Dispersants grashless cleaning agents. The

structure of an ilar to the structure of a
detergent in that 4| ""R'm. ocarbon tail or oleophilic
\u soluble in the base fuel

~ polarity of a dispersant

group which eik
used. The dis
~is derived from, & forF oMb orus, or nitrogen atoms

into the molecu! JFF 8 5700 s N W Ned structure of an ashless

lar Head
4 '9 en and/or
R'en Atoms

Fugure 22 Styllsed Dlsper ant (8)
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Mnst spersants currently in use arﬂrepared from eplylﬁﬂbutylenes
TR TNINFU U I QR oricc rom
amin® and/or hydroxyl (alcohol) groups. The connecting groups, in most
cases, are either phenols or succinic acids. The products with succinic acid
groups are called alkenyl succinimides and succinate esters. The products

from phenols are alkyl hydroxybenzyl polyamines (also called Mannich



dispersants because of the name of the German chemist who discovered the
method of preparation).

The dispersants are used in gasoline fuel to provide fuel inject or,
carburettor, and valve cleanliness. Engine life is prolonged and undesirable
engine exhaust emissions are reduced. The terms “detergents” and

“dispersants” are often used in geably because both additive types

keep insoluble combust; uel oxidation products dispersed

with the fuel. Detergeg s'0 minimize high-temperature
engine varnish and = scrsants are used to control
( harmful products of
combustion and of’ )= x W Sarmless by the polar ends

of dispersants. The ¥ Nt : e qants helps to solubilize or

A 2Non with sludge is shown in

2 Dispersant

-
-

AY | Sludge, Gum

Keep Clean
Figure 2.3 Sludge Dispersion
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2.3.3. DepositTn
Phosphorus comps g=d as deposit modifier. These
additive suppresip e : :L?; e required to initiate

glowing of :..."h : Amclease from oxidation of

the deposits.
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gums and there by tend to improve the stability of gasoline in use or in
storage. Thus, antioxidants retard the oxidation and polymerization of
unstable hydrocarbons. Although the mechanism of this action is not well

defined, antioxidants are believe to act as chain-breakers in the various



oxidant and polymerization reactions. There are two major classes of
antioxidant compounds, aromatic diamines and alkyl-substituted phenol,

used in concentration of about 50 ppm

2.3.5. Metal deactivators.

Trace levels of sg ompounds, particularly, copper,

F.ad to the very rapid formation

catalyze the oxidation

of high levels of ¢ - ﬁ vercome this problem by

chelating the metal. =
2.3.6. Anti-r»

These additi efinery to protect storage

gines from the corrosive
conditions caused by #hdlEEs f water usually present in
gasoline.

ds are used as rust

es, sulfonates, alkyl
phosphates, and #ine phosphates. Most of ®n act by coating metal
surfaces withs m teetine il which | ter from contacting
the surfacfi i ' m. ﬂﬁ {ﬂ:ﬂm help to prevent
carburettor icing and the build ﬁif carbungstor dﬁsiﬁ. /

ARIANNIUANTING Y

Several t; A af burdeanadh
inhibitors. The F"-
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2.3.7. Anti-icing agent.

Ice can interfere with engine operation either by plugging fuel line or
upsetting carburettor through ice formation in the air or fuel passage.
Plugging of fuel lines stems from water present in fuel.

Two general types of carbyrgttor anti-icing additives : freezing-point

depressants and surface-aciy e are used in many gasolines to

avoid the annoyance of ' pg engine warm up.
2.3.8.Carbur-

When an engi- I \ W component, together with

contents from exh P (NN N down in though the air

cleaner, tend to accd®o §Ff : - burettor just below the
throttle blade. v I‘ .|

Detergent additills fiaaded -2 W deposit build up in the
carburettor and remove de ,-'3";:_-‘.',?;._ 3 ped. The effectiveness of these
detergents, whi \cAdolida amida 'es, stems from their

e“-‘.[

surface-active pré ‘

il -

1“ﬁﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂﬁ

Dyes are added to gasoléne to ldenﬁ various malek or grades of

gasﬁma N g8l NI N 1B hoss. 0

concentration depends on the intensity of colour desired by the refiner to

meet a colour standard.
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2.3.10. Upper-cylinder lubricants.

Many refiners incorporate from 0.2 to 0.5 percent of light lubricating
oil or similar material into their gasoline to provide extra lubrication for the

engine intake valve and the top ring belt area. This light oil serves to

prevent the deposition of gumm deposits in the intake system but may
¥

contribute to cnmhustinn-; .

2.4 Normal Combusti™"

Gasoline is 2 sppounds which have been
distilled from petrole _ — W petroleum varies among

v : \ A®hinate. Sulphur is also a
hcM)demand as a fuel because
the SO, emission is rjfu ’ YL | Malled sweet.

While gasoline i 7 vMlient to consider it as a single
hydrocarbon, usually ta ; isooctane (CsH;s). Gasoline is
burned in the cij-AJS ylibh is expected to have
the following rea V A

A 3 wawm g

@R eactant) (P'm uct

AN ANATD NN,

CgHyg + 12.50, +125(3?6)N2 — 8CO; + 9H,;0 + 47.0N, (22}
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If the reaction occurred in this manner it would be a stoichiometric
combustion process, that is, all the oxygen atoms in the oxidiser react
chemically to appear in the products. The nitrogen does not react.

The correct air-fuel ratio (AFR) to provide stoihiometric combustion

1S
AFR =N air /N ff- 0 12.5 + 3.76(12.5)/1)
AFR =59.5n NSS!
On a weight bas: — me.
AFR = T /134 -3 x_,__‘ nit fuel
( Air can be trg 4 St 0, to 3.76 mole of N.)
This 1s a very : - “aons. Thus, the combustion

needs to use abou#®| ' 1 % Wo™uel burned, or 15 grams

Equation (2. 1) Tl A Y W complete, that is, all of the
i produce in the combustion
process. The real fact is :g}j‘# T process is usually incomplete
and therefor nci Al Avhrmed hydrocarbon or

partially burnec V

nitrogen and carbon

= automobiles. Thus, the

monoxide are th

Ffﬁtlﬁﬁ TEWIWEANS
“YlasnTal 1§y

To investigate why combustion does not go to completion requires

hajor emission problem fros

knowledge of both equilibrium conditions and the kinetics of the competing

reactions. A reaction at a certain temperature and pressure, given a
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sufficiently long time (long compared to the residence time say, in the
piston cylinder of automobile engine) will reach an equilibrium state which
may include products of combustion other than just CO, and H,O. High
temperature combustion process can thus produce CO even if given time to
reach equilibrium since the equilibrium state may include CO as one of the

products. Usually, however, the combustion process does not have

sufficient time to reach equil t2us the process become kinetically

limited. That is, it is li ibrium considerations but also
by the fact that reacts— . 4 _ =t0 completion, whether the

completion state is ong A L ssaistion or not.

The investig, to dhi el Whnisms indicate that the
AT part, identified, such as
aldehydes, ketones, al 7 ®. are no more than the end
products of the reaction r ghemically too stable to plav an

ybrjers and the chemically

active role in the 23
active products W mena as autocatalysis

and induction ofi¥xidation appca: exist as@dich for no more than a

fraction of a seconf.&mnd are prob@Mly best described by the general
w0 S £ T WEATTS

Scmenﬂv suggested thegmost wildlyaccepted exglgnation of gas-

Wﬂ’%ﬂﬂﬂﬁ%ﬂlﬁ'ﬁﬂsﬂ Y TR

phas
reactioh, products formed which reacted after a time (very long compared

with the normal life of chain carrier), to initiate two new chains cariiers,
except at very high temperature, were taken to be free radicals or atoms.

Thus the reaction may be represented by the following general scheme for
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the oxidation of alkane (where RH represents an alkane and X' represents an

initiating species):

Initiation RH + X —- R "+ XH ... (2.4)
Propagation 2R + 2Q ’—} 2RO, . (2.5)
| ‘ R (2.6)

,,,,, (2.7)

OH ... (2.8)

OH .(2.9)

HO, ...(2.10)

Termination (e7g_ A2 11)

In this sc NS .—ﬂ of, for example, the
hydroperoxide &% iX Jasionally, however,
decomposition . 5 Wi s ains ginters (reaction 2.8) and
brings about chain b ing. Reactm 2.8) is not the only step by which

branching cﬂujﬂ ) wg}n‘% PERYONF)Fprmed which reacts

further to efdbct chain branch*pg The radlcal chains are terminated by

“’fﬂ"ﬁ“’lﬁ“ﬂﬂimu‘lﬂ’nﬂﬂ’lﬂ d
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2.6 Formation of pollutants.(13,15)
2.6.1 Carbon monoxide.

The appearance of carbon monoxide in the combustion process is

generally a simple result of oxyggy insufficiency either on an overall or

local basis. In principle, th \ - carbon monoxide contained in

exhaust products sho SRS Cspo hemical equilibrium state

represented by the wa —

0, een(2.4)

At high jum yields significant

quantities of carbg . “oxide, even for fuel-lean
mixture ratios. Hovglve ff f 08 AWes cool from peak flame
temperatures to -. W\ characteristic of exhaust
products, this equilibriy J s| \ Y\ avouring oxidation of CO to
CO,. Consequently, for “_‘ mically correct mixture ratios,

relatively small ltirgately appear in exhaust

™\

combustion pro v

:-.:“l however, due to the

simple insufficienfff © ant Joncentration of carbon

L Al

monoxide persist evea} in cool exhaust roclucts

FI'[JEI’WIEW]‘?WEI’Iﬂi
qmax‘m‘smummmaﬂ
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- A\ KINETIC

CARBON MONOXIDE WOLE FHACTION

action of time following

Figure 2.5 i on monoxide in a spark

ignition engine cycle, n monoxide concentration

within the engine cylin#trijias st ®me following completion of

combustion. As previousluzZis formed in large quantities in the

early high-temp g &/ process, and as the

products expand y f- Sceurs. The dashed line

of Figure 2.5 reprafents CO concentrations that®ould result if chemical

cquilibﬁumﬁ'ﬂﬂ mg:ﬁh 1ﬂm%r at the lower
temperature d el ibad | adtloh Orates lag behind

equilibrium leading to the solid®curve of Figure 2.4 re res@fting the actual
W TUANINGTD
he toxicity of carbon monoxide is well known. It occurs because the
blood, which carries oxygen to the different parts of the body, has a higher
affinity for carbon monoxide than oxygen. The effects are dependent upon

both time and concentration, as shown in Table2.1
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Table 2.1 Effects of carbon monoxide in man.

Concentration Effects
(ppm)
200 Possibly headache, mild frontal in 2 to 3 hours

400 nd nausea after 1 to 2 hours;
- s
800 N sea in hours; collapse
ss in 2 hours
1600 f PN SN\ W\ Tlausea in 20 minutes:
A Wossibly death in 2 hour,
3200 Gl fias < 1 W:ss in 5 to 10 minutes;
danger of death in 30 minutes.
2.6.2 Oxis4ls 29

ncipal Gﬂe of nitrogen®drm n}'i:?f bustion process is
nitric nx1dﬁ\l tEJ ’l H lm:ils %latwe to N2 to O,
from the stanquomt of basic thegmodynamicg, The emissiongpf nitric oxide,

- QPRI NAVIHRH AR

1/2N, + 1/20, — NO
and a high enough temperature to promote this reaction.
Like carbon monoxide, the oxides of nitrogen tend to bind to the

haemoglobin in blood. However, probably the most undesirable toxic effect




of oxides of nitrogen is there tendency to join with the moisture in the lungs
to form dilute nitric acid. As already mentioned, oxides of nitrogen also

seem to be a necessary component of photochemical smong.

2.6.3 Hydrocarbons

L

Unlike carbon mony | gic oxide, hydrocarbons are not

substances that one exr'¥m #-mperature combustion gases.

Chemical equilibriu® Sy, that the quantities of
hydrocarbon gases th= -temperature combustion
products are imme, ™, oxidation reactions for

hydrocarbons under he most rapid observed.

Thus, the appeafic #fcJF Fhu(y Woo® in the exhaust of a

combustion process , ag Mol A\ "\, Mistence of temperature or

The appearance | ha®ons in combustion products

implies that these partic yere never successfully ignited.

Thus, the effect (i b4 ) hydrocarbons can be
Y )

viewed as one of S

The simplesa&riterion that can be used to%:termine whether or not

st F‘l“ﬂif AN (115 h L i A
rate of heat Joks E‘IFT

The ocal mixture coﬁia]smon mey be so richgr lean thar the

m@m-a\mm AN TR b B o v

losses
2. For small isolated elements of fuel-air mixture the element
surface-to-volume ratio may become so large and heat losses consequently

so great that ignition cannot occur,



3. Hert losses from fuel-air mixture adjacent to a cool surface may be
so great that ignition cannot occur.

One or more of these factors may play a role in each of the various
types of combustion system presently in use. In the case of premixed flame,
as employed in the spark-ignition engine, it is doubtful that item one or two
above would be of major imp rtlnce_ Clearly, however, the presence of

relatively cool combustioy 45 can result in large heat losses

1" #-nce, a layer of unburned fuel-
Y
air mixture next td o s Till SESSinite and therefore persist

from adjacent fuel-air £
throughout the combe eaitive study of this problem

optical methods wer N séirm the role of combustion

chamber surfaces 1 JAEAMNN NOWMwreactions. It is generally

considered that t is a function of fuel-air

It is estimatcf gt o sid@int WMbn of those hydrocarbons

quenched by the colc scMwalls are burned during the

expansion process, and it 2757 pat under many typical operating

conditions a frichs , £ jing the expansion are

burned in the extdl Y

concentration in egfaust gases al

mperature and oxvgen
portant to ¥e final concentrations of

concentrati the wvariation of

hydrocarbo ﬁemlttel &om the exhald system lﬁ lEpuzzuﬂan-::f: of oxvgen

W3 B3

hydmcarbnnq!mlssmn with air-fuel ratio.
IRARIATUNRIIABVNE s o
the rich side. However, as the engine mixture is made leaner more oxygen is
variable during the expansion and exhaust process to help destroy the
increased hydrocarbons present because of the in creased quench thickness.
Thus, for lean mixtures, even though the quench-zone thickness has

increased, very few hydrocarbons survive the expansion and exhaust
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process until the mixture is so lean that erratic flame propagation occurs.
High turbulence plus turbulent heated inlet manifolds will delay erratic
flame propagation to very lean mixtures. On the rich side the quench
thickness increases again with no offsetting increase in the destruction of
hydrocarbon as on the lean side. The result is a very rapid increase in

the mixture is made rich as shown in

hydrocarbons in the exhaust whe

Figure 2.6

= air-fuel ratio.

e LM AN TN
RAAAINU IR NYAAY, v

oxide can be minimised by the control of interrelated engine design and

Figure 2#¥ Variation of hydrocarbon

operating parameters. Fuel preparation etc. includes 1, 2, and 3. These

factors include:
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2.7.1. Air-fuel ratio.

Both CO and HC emission can be reduced by increasing the air-fuel
ratio. Figure 2.7. indicates typical results for CO, HC and NOy emissions as
a function of AFR. Although increasing the AFR did reduce the CO and HC

it remarkably increased the NOx emissions.

o redesigned reducing the crevices
ion chamber) where unburned
mesce to volume ratio of the
N “"' arge surface areas rean
The surface to
volume ratio can : A " compression ratin or
chancing the chand v & e (' \ Mt is, short and fat.
Retarding thy | A\ mission. This is probably
effective since it dej ect. Also the exhaust gas
temperature is raised oMhe hydrocarbon reaction can

occur in the exhaust.

-%)
=
E.‘ -
..

VTN ih

L]

cL AN

L

ﬁj Cuen m,wm
De
oo

it 12 14 Ify 1%

AiriFucl ratio

Figure 2.6 Typical concentrations of unburned hydrocarbons, carbon

monoxide, and oxides of nitrogen as a function of air-fuel ratio at 60 mph
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2.7.2.Engine speed

Emission concentrations are markedly reduced at higher engine
speeds. Primarily the increase in engine speed improves the combustion
process within the cylinder by increasing turbulent mixing and eddy
diffusion, thus promoting aﬂe_-ridaticn of the sequenced layer. In

addition, increased exha goce at higher speeds promotes

exhaust system oxidati % P better mixing. Speed has no

ey

effect on concentratit™ s O] 5 =0 in exhaust is kinetically
limited rather than r.g NS haust temperatures. Figure
2.8 showns the effe

rang between 1500 tr,

Mascbon concentration in the

AL 5NH '“ 5709
U880 3NN

concentration at 12:1, 14:1, and 16:1 air-fuel ratio
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Table 2.2 Relative emission rate for various engine-operating modes

Mode Exhaust volume Pollutant concentration
HC cO NOy
Idle cruise very low high high very low
high speed low low

Accelerate very low moderate

Moderate low high
Heavy high moderate

Decelerate very low

oes on exhaust emissions.
r

Table 2.2 st ? , A
During idle, the c#f S AN

L08Nd, the distributor vacuum

A “'ll
-y LR
; ;. -_, o e \
“ J‘:‘* =
E. .f":‘;,

advance unit, now#e’ WK Larburettor vacuum signal,

retards the ignition #h JF.
. W A : |+ . :

During accelerlt *:—ﬂ cruising speeds the increased

carburettor vacuum ca

\
\I

acuum advance unit to advance

the spark timinge——"—""—"""— “:0‘ anifold vacuum still is

not strong enoup =/e spring so the remain

|
iy

seated.

Durjpg | ‘ﬁm exhaust emission,
carhurattmﬂs e mﬂfm intake manifold
vacuum is_very stron Theﬁ ifold € _m;:ntml valve
md%ﬁﬁﬁ“ﬁhﬁ “ ﬁﬁﬁiﬁﬁ:ﬁ um advance

P

unit pulling it into a position of maximum spark advance. As decelerator
processes and engine speed falls to idle, intake manifold vacuum drops, the

control valve spring seats the valve, and the distributor vacuum advance unit
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returns to a retard position. In this manner the exhaust emissions are held to

an acceptable level.
2.7.3 Spark timing

The effect of spark timingop HC emission reduction arises primarily

11, which promotes CO and HC

from an increase in exhs

oxidation, and a decro irfac e ratio during combustion,

emitted HC as a funcl vk | Ive ——ticure 2.8

L “‘ 1
L N L,
' \
& ",‘ LY
‘, L
J ! \
L
L WA
\
L} ;1 "
iy ; ’ LR
i = g " \ i\
C 4 B e ! %
g ] ’!‘ %
| 1
P o . ".‘ \
# Y %
\
\
s i
F. . b Il‘
4 o i
- k
o ol . ! ;
i
Al _ :

S

AULINENTNYINS
CL TRtk i1t 1

In a vehicle the emission reduction achieved by spark retard must be

compromised by fuel economy loss considerations. Figure 2.10 shows the

effect of spark ignition time at 30 mph on fuel economy.
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Figure 2.10 Ef4 Lydrocarbon emissions

N\ road load

Spark retard has LFEIBI/A4 & _concentration except at very

retarded timing b ;5 ~O oxidation leads to

)

increased CO ¢ _’_If air flow required to

maintain the pow™ level constants, the mass ¥f CO emitted from the
cylinder te ot i ' ; e extent by higher
exhaust teﬁﬂﬁmzﬁeﬁjﬁjup in the exhaust
system. Figure 2.10. shows the®CO emissiofor the engi function of
NSk A TE TR

t is a speed occurrence in vehicle tests that as of retarded timing the

throttle must be opened and the carburettor operated at a point where the

power enrichment valve is open. when this happens CO increases markedly.
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Uil 0= 292 Cuin

S
CONBTANT POwER CUTPUT
ko Il oEne

Figure 2.11 Ef4 gas carbon monoxide

concentration Mant load at 1500 rpm

2.8 Literature review

A S

-
N

Increasly v_:_,j‘- ! or gasoline engines has

heightened the imPrtance of both engine desigi®and fuel quality. Unlike

the 1970s a ‘ﬂﬂ : i jng~<londgd with energy crises
or lead adw - nﬂﬁimm covering a range
of alcohol and ether s have®een recognid d as range a@4mean of raising
o AN R T TN A
octane replacement for lead in gasoline, they are now making gasoline a
cleaner burning fuel that will reduce the emission of pollutants from the

automobile. Although many alcohol and ethers have high octane numbers,

they are not as effective as lead for increasing the base fuel octane number
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nor do they offer any valve seat protection. Thus they cannot be regarded as
a means of total lead replacement. There is a need to evaluate the
performance of oxygenates in blends with gasoline in order to define their
scope, to establish credibility with existing gasoline specification and to
ensure acceptable market satisfaction. Technically, therefore, oxygenates

may be regarded as a means of f

ilfilling three basic needs: extending the
|

gasoline pool; improving and providing the refiner with

additional blending fle~" , me ‘ eased demands of qualitv.

e

Koehl and & s Fiud m__::;: ion effects of gasoline
hydrocarbon comperg SNSSE, o determine the effect of
90 % distillation t- %l carbon monoxide were

found to increase v \e\somponents. The increases

occurred with th AN WenSntrations of the heavier

components. The of heavy components.

Increasing fuel arom A emissions.(19)

Adibis from its Wi performed a test program

according to the quinolingZZiie A PA on one detergent additive
and one valve s - ). The test include CO,
HC, NOy and ‘F E #lat emission with and

without additive re&®als no sign or aitterence. {2 —

Midp ﬁﬁ ffect {ﬂ\g omp in gasoline on
exhaust E ﬁg Ftl;il glﬁ-ﬁ:u compounds for
blending wna! gasoline base. £0 and HGgwere found gy decrease with

A RARN RN 1IN TR Y
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