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ABSTRACT

In compression-ignition engines there 1s always some
time lag between the point of injection and stert of burning of
fuel which 13 known ag *Ignition delay". The magnitude of this
dalay governs, to & large measure, the subsequent performance of
the fuel in the engine, Generally apeaking, we endsavour to
reduce the ignition delay as much aa possiblse. |

The effect of blending of fuels on their ignition quality
were studied at different operating conditions of the engine by
means of their ignitlon delay. Secondary reference fuels were
used as 8 standard of comparision for different blends. Pressure-

time diagrams were recorded to study the performesnce of the engine.

Data obtained with diegel¢pe§rel blends at various
operating conditions of the sngine, indicate that the delay angle
of the blend increases as the percentage of petrol in the blend
inereases. Thus the addition of petro1~deterio§atas the lgnition
quallity of diesel fuwsl although, under some conditions, the engine
runs smoother and quieter. The addition of lubricating oil in
dieseilas well as patrol, however, improves thelr ignition
behaviour, but this lmprovement is at the cost of carbon deposit
on the cylinder walls. Addition of diethyl ether to diegel fuel
increases the cefane number siightly. Amyl-nitrate has been shown
to be as a good ignition accelerator for both diesel-gs well as
petrol. Manifold introduction of patrol d1d not show any improve-
ment in the ignition quality of pure dlssel, while diethyl ether
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showad considerabls improvem:nt,

On ths basis of the experimental data a correlation
relating the pressure and temporature of intake air, the
effective cbmpréssian ratio at the point of injection, the
cetans number of the fusl and the ignition delay has been
proposed. The rasults from this correlation are compared with
thoge obtainsd on CFR insine by other investigstors, asnd it |
has #oon shown that the diffoersnce is very small. Fﬁrthar. it
has been shown that this corrslation hes a wide range of

applicabiona
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CHAPTER 1 | 1

SURVSY OF PREVIOUS WORK AND
STATEMENT OF THE PROBLEM

1.1 INTRODUCTION

In oompreasion-ignition angines when fuel is injected
into the engine oylinder, it does not ignite immediately, but
rathor there is a delay perioa which 18 known as "lgnition
lag" or "Ignition delay". The phenomena occuring during this
period have bgen observed and studied ever since the diesel
engine £irst assumed 1ts role as one -of the primary sources of
pover. That thage atudies have baen helpfui i3 evidenced b§ the
congtant iamprovenment in officioncy and flexibillty of dlesel
engines. HNeverthelcgs, a c¢omplete understending of the phenomens
, thaﬁiaaaa:‘é'éing the ignition delay period has gtill to bo
achieved., Unlike S8.l. engines, combugtion studies in a dlesel
engine are complicatod by the heterogeneous natura of fuel-air
mizxture. Henoce any detalled information on events occuring

during ignition dolay is of interest.

1.2 SIGRIPICANCE OF IONITION DRIAY

For many years we have been using the terﬁ ignition
delay, although it has nover beecn pracisely dafined. Start of
the injaection 1s a logleal and accaepted choice for the start of
the ignition delay pericd. Cholce of the end of the delay
pericd 1s not so clear cut. Differant investigators have aefinéé,
it according to their convenlionce. For axample, Hurn ot al
defined tho ond of delay as the time at which the eylinder



progsure rose to 10 pound above the charging progsure. Yu .2
et al dofined the end of the ignition delay as occurring when
thae rate of pregsurs rigse due to combugtion exceeds the maximunm
rate of pregsure rige during compression. However, the ond of
ignition delay 1s most comaonly taken as the time when the

combustion curvs doparts £rom the compression curve.

But, vhatover may be the dafinition of ignition delay,
it 1g an accoptod fact that this period ig made up of two
parts i.e. physical delay and chemical delay. The periocd of
physical deolay 1s tho time betveen the boginning of injection
and the beginning of chemicalereaction. During the physical
delay period, the fuel 1g atomiged, vaporiz:d, mized with air
and raisad in temperature. In the next stage, called the
chomical delay, reaction astarts slowly and then accelsratos
until inflammation or ignition takes place. However, in running
engines 1%t is aifficult to distinguish detween these two periods,
go the delay period is measured from tho boginning of tho ine
Jection to tho moment of ignition.

The delay period presents s great interest, ag it
materially influences the oporation of an ongine and it 1s used
invarisbly as a measure of tha ignition quality of fusls. A
ghorter delay poriod gives a smoother oporationy a longor delay

period rosults in a roughor and noise running engine.

Although wo want to keap the delay poriod short, thero| .

i3y howsver, & lover 1im$t'beyanﬂ which we must not go. .

\VA .
Let us considor vhat would happen(gf there i3 no delay
poriod at all, ond 1f the droplots ignited immediately they

loft tho injoctor nozgle. Uo would then have a COncentration



of burning droplets so closely packed that it would be impo-

gsible to distribute szmong them the alr needed for their comp-
lote combustion. We need, tharefore, a cortain delay poriod

in order to gllow the droplets to disperse, to some extent at-
least, before ignition takes plaae;)Jhenerally speaking, how-
aver, the delay period imposed upon us is greater thsn what we
noed or desire and our efforts are devoted towards shortening

it as much as we ean.

1.3 REVIEW OF PREVIOUS WORK ON IGNITION DELAY MEASUREBMENTS

.. A considerable smount of research work has wlready
bean carried out in studying the ignition delay phenomena snd ‘
1ts measurements in compression-ignition engines;»(gcme of the

early expsriments were made with pressure bomds or pressure

P
(2
o
O
X3
u
‘l
=
ke
o
]

vessals and they were correlated with engine cond
most of the later investigations were carried out on sctual
enginos, These studies ware undertaken with the following

objoctives: A | .

(1) to explore the various factors that affect the
dolay and how they can be controlled to improve the overall

paerformance of the engine.

(11) to make a detalled study of the various components
of ignition delay with a view to improving the combustion phe-

nomena of the engine.

~ Boerlage et al have shoun thst although the actual .
value of the ignition delay may vary from ongine to engine, the

order of magnitude of these values c¢an be correlsted for all



ordinary comprogsion-ignition onginos witk tha cetane number. -
Thoir experinental work was generally directed towards msasur-

ing this quantity snd to correlate it under gspecified conditions
with the cetane numbor.

L.a Mosurier and Stansfiold investigated the influence
of temperaturo upun.delay in an actunl engine. They maintalned
tho tempapature of the air recelvad dy ché engine and algo that
of the jacket water uniform, snd varled it over a wide range of
tomporature (from 20°C to 1009C) with engine running at e speed
of 1000 rpm. Tests of several fuels of differont ignition
quality oxhibited o progrossive decreasc in delay as the temper-
ature vwas 1ncraased. Ths fuels having good ignition quallty
vare lesa sensicive to tomperature variation than those of lover

ignition quality but 911 showed tho same trend.

Boerlase and Brooge investipgated tho luance of airv
dansity upon the delay in on engine and gshowed that a reduction
in air density involves a very matorisl incresse in the delay
period of all fuels, togothor with an increase in tho ratc of
prosgure rise and in the tendency towards foughnass in running.
They omployed a method of throttling the air intake and thus
reducing the density of ailr received by the onglne.

Tsao ot al moasured the gas temperatures during
" compression for fired and motorod diesel engines under various
operating conditions and studied their effects on ignition

dolay.. Some of thelir significant resulits are mentioned balowi.

(1) The observed ignition delay decreases as the fuel
quantity increases at high loands. Probably tho higher gas



temperature at higher loads halﬁs to decreaso the delay.
Dicksoe has also shoun that the ignition dolay docreases with

an increase of load.
P

{i1) an 1ncrense‘in the ratio of §l decreagos tho
- ' o P
ignition lag. It 13 qulte probablc that the increased §i

e
ratio increasog turbulonce during the intake process, and this

iner=asod turbulencs caugeg a decreaso in delay over and above

that caused by the increased pressuro.

(111) The ignitlon delay incroases in terms of crank
angle degroes, and it decrosses in torms of absolute time, as
tho engina speed 1ncreases; They, hovvever, kept the tempepatur
and pregsure at the point of injection constant as the speed w
~varied. The probable causes for the above reduction in igniti
dolay was dus to the changrs in the air flow pattern inside th
cylindar, the spray characterigticg, and possibly the change

fuel impingement.

(iv) They ohserved no significant effect on compress:

temperature by varying the cotana number of the fuel,

El-ifakil et al have gummarised some of the known ex-

perimental facts concorning ignition lag as followsgj

(1) An increaso in inlet air pressure and tomporature
-dn fuel temperaturz, and in Jjacket wator temperature, all do-
creoase ignition lag to varying degroes.

(11) Ignition lag (mcasure in absolute time units) .
d~croages with engine gpeed. This ig generally attributed to °
an increase in turbulonce with gspsed. However, Small found

that in o bomb, incrensed turbulence did not give decreased



ignition lag. Probably, actual compression tomperature in-

¢reages with spead.

(111) Thore is rcasonably good inverse relationship
beturen the cotane and octano scales. Since ignition delay &
a sparki-ignition engine 1g predominantly chomical, octane
numdar vould presumably be related to chomical delay. This:

vould indicate that chemical delay 1s rate-dotorming.

(iv) Uhile fuel volatility seems to affect ignition
lag, the accompanying change in fuel structure seems more im-
portant. For example, iso-octane and n-heptane have markedly
~different ignition lags but ghout the seme volatility, while
cetane and igo-octane are markedly differeont in both volatili

and ignition lag.

(v) Suell concentrations of additives affect ignitio
lag., Although possibly thess 4mall concentrations (0.5 -1.08
or less), affect spray formation and physical delay, it sesms

mure'likely that they act in a chomical manner.

(vi) In a congtant volume bomb wish overything else
hold constant, an increase in quantity of fuel injoctod ine
erzages ignition lag if combustion begins near the end of ig-
nition, This would 1indicat: a fuel ecoling or a concentration
effact.

Some investigstors at tho University of Wisconsin undef
the guidance of Myors and Uyeharagadera~detatleq gtudy of .
physieal and chém£391 eomﬁonents of i1gnition delay in sn opera-
ting diesel ongine. They usod the hot-motored technique which

congisted of obtaining tuo successive pressure-tinme records -



a normal, fired cycle, and the next with the injector rack
pulled back so that no fuel is injected. In addition to the
hot-motored cycle, a nitrogen sycle was alsc used in some of

the experiments. Their findings can be summarized as follows:

(1) As distance from the spray conter increases, the
air-fuel mixture becomes loaner with consequently higher eir-
vapour temperatures. Under these conditions adlabatic saturatl

is spproached less rapidly.

{11) The closeness and vate of approach to adiabatic
saturation condition varies with distance from the spray core
in a different manncr for fuels of different viscosities and
volatilities, |

(1i1) A volatile fuel does not receive heat that much
more rapidly than s non-volatile fuel, as would be axpected f

differences in their yolatility.

(iv) Physicsl delay is not a negligible portion of
total ignition delay. It forms a part of about 50-60% of the
total ignition delay for fuels having cotane number betweon 4
to 80. | |

{v) Injection delay is not of negligible magnitude in
an operating engine. However, it does not vary much with diff-

erent cetane number fuels.

{vi) Whilc there are some differences in the way in
which different fuels recsive heat following spray break-up, °
ﬁaﬁor differance batwean fuels of varying cetane number lies 15
the manner in which they release chemical energy during very

early reactions.



8_
(vii) Por the s‘aﬁa fuel, total, physical and chemical
delays are smaller in an operating engine than in a combustion
bomb opersted at the highest temperatures estimated to exist
in the eﬁgine. It i3 attributed due to the fact thot macros-
copic turbulenca (as opposed to microscopic turbulence) tends
to bring fresh air into the gpray center and thus aids in eli-
minating adiabatic saturation conditions and increasing possi-
hilities of achieving a combustible mixture at self-ignition
temperature, This same reascning also explains decrease in
ignition delay with increase in engine rpm, although compression

temperature undoubtedly increages somewhat with rpm.

(viii} Different fuels and different nogzle configurations
give different spray cheracteristics. These different spray
charecteristics result in different local alr fuel ratiog, and

thus affect the adlabatic equilibrium tempsrature.

(ix) Since the physical charactoristics of tha'faolh
affect the adiabatic equilibrium tomperature and the spray
characteristics and since chemical reaction rates are markedly
affected by temperature, it follows that physiecal characteristics
of the fuel affect the chemical delay as well as the physical
delay. ' |

(x) Af;er-aheﬁical reaction have started there are
differences batween fuels in the rate at which the chemical re-
action procead. This rate of increoase is higher for high-
cetane fuels and this is undoubtedly the cause of the less .

harsh conbustion experienced with the high cetane fuels. On

the other hand, low cetane fuels geem to have comparatively



 slower oarly reaction rates followed by very rapld reactions

and harsh combustion;)

1.4 CORRPLATIONS PROPOSFD BY VARIO!

As alroady disoussed the ignition delay in a diesel
engine depends primarily upon the following factors:

(1) pressure of the charge
(11)‘temperature of the aiy charge
(111) atomization of the fuel
(iv) timing of injection
(v) engine speed, and finally
(vi) 1gn1tipn quality of the fuel, its cetane number,
and its physical charscteristics.

Although all these factors affect the length of thé
dolay period appreciadly, %tosts indicate that; for a given fuel,
the influence of tomperature and pressure of the air in th&

combustion chamber are more pranouﬁeed than all) other factors.

Based on these factors, various correlations betwaen
ignition dolay and athar'enéine variables have been proposed by
various lnvegtigators from time to time. Some of these were
based on theoretical analysis wbereas‘otners ware entirely on
experiméntal values. Hore in this section we dare going to

“econsider thom individually and see how far they are applicable

to sult all requirements in modern eombression-ignitian engines.

l.4.1 Wolfer's Corrslatio

| A valuable investigation was carried oud in 1939 at




Cambridge University by Dr.Wolfer who used chain reaction
theory to relate ignition delay to pressure and temperature by

the following equations o

_ *3=?3
Ignition delay = —_—
PY\
E

vhere Qand n are constants (o= i whers E is &
constant characteristic of the reaction andfkéown as the energy
ot‘actiVation and R the molar gas constant) T and P are the
absolute temporature and pressure of alr at the point of injece
tion respectively. This relation indicates that ignition lag

is decreased by an increase in temparature'and pressure.

Dr. Wolfer avaluated the constants by using data
fron experiments in which liquid paraffin hydro~carbons were
aprayed into h@aﬁea air in bombs and expressed the above

equation as followss

| 4850
g - 084 e T

pL.B

vhere
t = Ignition lag in milligecs
p = air pressure in etmospheres at the point of
injection - |
T = sir‘temperaturé in %% at tue point of injection
(O = 8200, when T 1s in °R)

e = base of Naperian log. 4 .

He later on used two different fuels namely Persian
‘Diasoleun’ of spesific gravity 0.85, and Veneguelan 'Britoleum’
of specific gravity 0.92 and found no marked 4ifferonce between
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the values.

He,however, revigsed the pressure dependence and finally

axpressed the equation as follows;

Other invastigators also supported the above exbrassion.

This equation is very valuable ss it 1s based on
theoretical considerations but cannot be used in modern practice
due to the following limitationss

1. 8Strictly speaking the oquation applies only to

chemical delay in a homogeneous gas-phese reaction.

2. The values 0f the constants evaluated by Dr. Wolfer
wag from the bomb experiments.,  But the values of ignition lag
are mnuch higher in bombs then in fired enginaé. Tsao et al
have actually plotted the values for bombs as well as for fired
engines and g marked differance in ignition delay valuas were
obtained. |

3« The values of the constants evaluated should not be
the same for different fuels and may be different under differe

ent operating conditions of the engine.

1.4.2 Qlson's Correlation
While developing a mathematical relationship between
combustion charscteristics and fuel physical properties, Olson,

at al expressed a gonoral form of regrossion egquation as

follouss
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Y =a +b(C) + ¢(A) + 4(P) + o(0) + £(10) + g(50) + g(90)
where

Y = Ignition delay deg. or
Average rate of pressure rise, psi/deg or
Haximnm‘caﬁbnstipn pressure, psig
C = Cetans number
A = Volume percent aromatics
P = Volune percent psraffins
O = Volume percent olefins
10 = Distillation temperature for 104 recovered, F
60 = Distillation temperature for 50§ recovered, ¥
90 = Distillation tempsrature for 90% recovered, F

Here the values of constant a and the regraegsion co-
officisnts b, c, d ste. are dopendent on the sngine and opera-
ting conditions. The above equation can be evaluated after
nuwarous expaeriments on a paguicular engine by the use of a

computer.

The above equation would segem to be very useful but
it ocannot bo applied easily in daily practice due to the followe

ing reasonss

1. It requires g vory large amount of experimental

data for evaluating the various constants.

2, Physlecal properties of the fuel used should be

known. For each case the constents will very appreciably.

104@3 EL‘wﬂkil '

g8 Correlatio

ElL-Wakil ot a2l analysed ignition dolay from solfe
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ignition of fuel drops when subjected to air stream at high

temparatures and at atmoaphefic prossure. They have suggested
the following two corralations for physical and total ignition

delays soparatelys

where

n

The

- C.5 v 1 0,465
1.10 D, { 0.0285 + 5= 1880 n

Physical ignition delay in Secs.
Total ignition delsy in Secs.
Initial diameter of drop in.
Free stroanm ?ir temp. %

T T
20.5 - 35.9(~5z5)° + 13.2(—0zp)

aumber of carbon atoms in s molecule

accuracy of the above two correlations is :‘7%.

They are useful for the following ranges of operations

n between 8 and 16
D, between 0,050 and 0,070 inches

Initisl drop liquid tomperaturs between 200 and 260°F.

These correlations again are not of much utility a.

they cannot be used in engines due to the following reasonss -

1. They are found out for purs-hydrocarbon fuel drops.

They cannot equally be applied for fuels whose molecular struce
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ture 1s a complex one.

2+ Initiasl diameter of the drop cannot be found out
easlly in engine casge.

3. Temperature of the air in the engine will be differ-
ent than the free stream alr temperature due to turbulence.

1.4.4 Tgao's Correlation

 Tsa0 et al sﬁﬁﬁgcdvtﬁg effect of operating variables
on compression temperatﬁﬁe,r&oth in motored and fired engines.
During this investigation thoy tried to dovelop an expression
for ignition delay as a function of air pressure, air tempera-
ture; and engine r.p.m¢ In order to get the desired exprgssinn,

data were taken for.

(1) The vardlation in ignition delay with véziatiaa in
pressure at the point of injection at constant rpm and tempera«
ture at the polnt of injection. |

(11) The variation of ignition delay with varlable

temperature at the point of injection at constant rpm snd pre~
ssure at the point of injection.

(111) The variation of ignition delay with engine rpm

at constant temperature end pressure at the point of injection.

The empirieal relationship developed relating the

temperature, pressure, engine speed, and ignition delay iss

D = 1000 o « 1000
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where

X = 1%35" ¢ ;%g +‘0.415) {( - 2%;§ + 0.0222) N-f
(4T85 . so.00) + ( ghog - 1 &%-Jﬂ)}
which csa‘be sinplified gss
D= ( l§§ + 0,418) {( - §§§§ +o.oéaa)n + ¢ gzagg%;“;ga_
26.66) f_(iz%a - L45) (008 ;}

where

D = Ignition dolay, millisec.
T = Temperature at the point of injection °R
P = Pressure at the point of injection, psia

N = ¥ngine speed, rpa

The maximum deviation found between. the experimental

and caleulated volues was + &%,

The abcve correlation is of’great utility and help
because any one of the missing value oan be readlly found out
very accurately by simple calculations. However, it suffors

from ths following shortcomingss

| 1. The expression doas not account for any changs of
fuel. Changling the fusl for the same pressure, temperature
and gpeed, will also alter the value of delay angle. Hence
the sams expression cannct ba used. The sbove expression is -

applicable to 40 cetane number fuel only.

2+ By changing the angine, the constants in the



expression may be changed. 1
3. Miasuremsnté of pressure and témperature at the

point of injection also involve a good amount of instrumenta-

tion on the engine.

Thus we see that the study of the previous investigas-
tors was concontrated towards studying the ddtailed phenomena
of ignition delay'under various operating conditions using one.
single fuel in diesel engines. They, hovever, tried to cor-
relate this delay with engine variables, but no single cor-
relation eould.satisfy all operating conditions. At the same
timeg so far, no attempt seems to have been maée to £ind out

the ignition characteristics of various fuel blends and thaepiwr

ignition delays,

In view of the foragoing remarks, it abpeared desirable
to conduct some experimental work on various fuels in compre-
ssion-ignition engine. The present investigation was, theree

fore, undertaken with the following aimss

A, To find the effects of blending of fuels on their
1gnihion quality and perfarmanee in C.I. engine.

B. 7o arrive at some correlation-betuuen ignition

delay and other engine variables.
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CHAPTER I1I

PXPERIMENTAL APPARATUS AND PROCEDURE

2,1 PEXPERIMENIAL SET-UP

The experimentsl apparatus comprig:s the followings

2.1.1 Tosting Unit

The Testing Dlesel Unit BASF has been chosen and
instrumonted for this project. Cetane numbers daterminsd by
this testiﬁg unit agree with the ratings of other scknowledged
Testing Diegsel Units, especially that of the ASTM D-613 Method
(CFR ~ Engine). The sot up of the unit is in accordance with
the German Stsndard Matheds “DIN 51773%, which describes the

determination of ignitlon quality of diesel fuels.
The unit consists of the following partss

1. Teating engine
2. Elootirical oquipnent

3. Meaguring deavices

Toasting Engine

The main specifications of the testing engline are
summeriged in Table 1 and the c¢rosswsection of the engine 1is
shovn in Fig. (1).
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Test Engine 3pecifications

Types 8Single cylinder compression-ignition engine, four

stroke cyecle with vortex chamber.

Dimensionss
Bore -...........{.....”-....... 95 nﬁn. (3% in,)
SEPOKS 4uerrorernrasenverasnass 320 ma, (43 1n.)
Capacity ceceveossvrsesensarsess BEO cn® (52 cu.'lnf)

Compression ratlo veecsessescess 18.231

Valve timings

Inlet Valve OPOMS scsscrseverse 10 degs btde
Inlet v2lvs $10398 sveecansesss 26 deg. atde
. Exhaust valvVe opens «ssssssesss 36,5 deg. bbde
Exhaust valve 010868 secevsesss 10.8 deg. atde

Valve clearance (cold) cesseses 0,20 ma. (0.008 in,)
both valves

POWOT ceossensnnstnnvrersvsnssss Ge8 BKP approximately
at 1000 RPM

Bpoed seevvcnnvessssransssensss 1000 RPM
' Engine accessories include an evaporative~type cooling

system (212% water-Jacket temperature), snd a lubricating oil

system composed of a cooler, a filter, snd a pump, .

Rlectrical squipment

The electrical aquipment mainly consists of a three
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phase A.C. Motor 820/230 volts, 4 kilowatts for cranking and
loading, coupled with the test engine, and which maintains a
speed of 1000 RPM.

Measuring devices
Delay angle can be measured by two meanss
(1) By means of Neon-flash indication.
(1i) By means of Electronic ignition delay moter.
(DThe neén-flash indication device has a contact on the
injection needla, which opens when the needle hbegins to 1§:ﬁ.

Thils contact serves as a pick-up for the commencement of the

1njection5:)rhé beginning of combustion is indicaﬁed by means
T N— e e

of Neumapnts inertis pick-up which is screwed into the combug-
tion chambar. (Refer Figs. 2 and 3.)

@;To obtain slscironic ignitilon delay indications the
Ignition-Dalay Moter EC8 I of the . Solatron ElectronicGroup /
Ltd. 13 attached to the Testing Diesel Unit BASF, The indi-
cations of the Ignition-Delay Meter are derived from slectrical
impulses of short duration, which are produced by the begin-
ning of fuel ihjéetian'énd the'combustlan‘commencemant, rege
pectively, frpm»olectrqamggngtie'piek-ups.--Theue impulses are
lad to the amplifier, where they ééa changad electrically for
the purpose of reading the crank angle interval betwgen the two
time marks of the ignition delay mentioned abova.- It is possi-
ble to measure crank angles by an accuracy of . %P and to .

1 ©
discriminate to %3 of crank gngle.
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A.INGECTION START CONTACT ON THE NUZ7. & NEEDLE
B. COMBUSTION BEGINNING CONTACT (INERTIA -CK-LF)
S. CUT OUT FOR INJECTION START IN.ICAT.. "
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RRU PTOR
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2.1.2 Recording of Praessure-Time Diagrams

To study the pressuré variations with respect to
various crank position, pressure time diagrams were taken during
the tests. The following components were employed for this

purposes

{1) Dual Beam‘éseillésqope
(11) Pressure Transducer
(111) Charge Amplifier

(iv) Magnetic Picke-up

(v) Reecording Camera.

Duasl-Beam Qscilloscope

A Tektronix, type 508 oscilloscope was used. It
providss linear dual beam displays with a wido range of sweep
rates combined with high input gsensitivity. In addition, it
may be used to provide duagl-beam X-Y displays at medium sensi-
tivities, and & single beamX-Y digplays at high sensitivities.
Vertical amplifiers for_both beams may be operated uith:single-
ended inputs for conventional operation, or with differential

inputs for cancellation of common mode sighals.

Presaure Transducer

The pressure piakuup'wns plego-electric type and was
fitted on the engine with the help of a special adapter at a
place where the inertia pieck-up for meaauring delay angle was *°

ingtalled. It has the following msin gpecificationss
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Pressure range vitessertsinesatrnane to 3000 psi
Sensitivity seeseerensvrvacssencnsss 4 peb/psi
Temperature TENEE seescscsssessevess ~400°F to + 5002?
Maximum gas temperaturd ceesccssecee 3000°F

1034

Insulation resistance sescsacsvasoce ohms.

Cable QQﬁnectgr GBS BPEBIRAEIITRNSGN Special
(use Kistler 470 cable)

Charge Amplifier

| The charge amplifior of electro-static type was used.
It i1s 2 multi-range, line powered feed back amplifier which is
particularly well adapted to thosge applications where the roe-
corder must be dirsctly driven by the amplifier output, It
has the following specifications:

_ Model ou-oaquuqqonaath;wizco;;;;a.a 8686 multi-range

Make qtgeeséiiciasiaaoi;ooan;q--oeio KISTLER Instruments
Gorparation

, Ranges R R R Y R R 0.95, Oilj 0.2, Ocﬁi
1.0y 2.0, 5.0, 10, 20, .
80 and 100 mv/pcd

Froquency YoSponse sseeisecssssessss ¢ $0 150,000 ops

Magnetic pick-up

The éiming marks wore obialned by‘emplqying a magneﬁic
picksup and the signals were given on the lower beam of the
oscilloscope. This biok»up is of variable ~ reluctance type
and, in its slumplest fdrm, consists of a ¢oll wound on a pers ..
manent magnat core. Any variation of the permeance of the mage

netic circult causes a change in the flux. As the field éxpands



or collapses, a voltage 13 daVelopod 1n the coil.

Two different type of pick-up arrangements were made

| during the course of our studys

(1) By cutting teeth at intervals of 10 deg. on a
steel dlsc coupled with englne ¢rank shaft and placing the picke-
up in such a way that the teeth portion passes in<between the
poles of the magnet. It gave a signal of 10 deg. interval het-

wean two peaks. -

(11) By fixing tapered screws on the flywheel at an
interval of § deg. and allowing the tapered tip of the screws
to pass in-between the poles. A longer screw was employed at
top dead center position to differentiate this position with-
out difficulty. |

The second arrangemanﬁ was the modirieation over the

first, and gave better wxming marksg

2.2 PROCEDURE -

In order to study the effects of dlending of fuels on
their ignitian quality, the measurements of delay angls cf test
‘blends at various operating conditions were made by msans of
delay meter. Catane number dzterminatlion of the blends were
S e e e st st P

made by comparing them with secondary-reference fuel blends at
- standard operating conditions of the engine which 1s as followss

Engine apeed - 1000 RPM

Coolant tomperature 100°C (autometically produced
by the evaporating system of
the engine).
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Ignition delay 20 deg.
Fuel rate : 20 m1/150 sac.

The sscondary-reference fusls used are T-16 having a
cetane number 71.0 and U«~9 having a cetane number 22,5. The
SRF blends were made by mixing porportionatsly on volume basis

to get tho desired cetane nunber.

Por accurate measurements of cetano number, the test |
fuel was bracketed between two refersnce fuels differing not ’
more than five cotane numbers and the rating was calculated by
interpolation. However any of the following curvaes can be used

for its determination quite acouratelys

(1) Cetane number versus Air meter reading at top

dead centre position firing. =

(11) Cetane number versus vacuum reading at top dead
centre position firing. (20 d-g. injection
advanes and 80 dag. deolay angle).

(4i1) Cetane number versus vacuum reading ét the point

of misfiring keeping 20 deg. injection advance.

The study of variations of pressure with respect to
crank position wag made by taking p-t diagrams of vwarious
blands on the oascilloscope gereen and getting them photographed

by the camera.

; The calibration of pressure pick-up at four different

combinations of csciiloseope sensitivity and amplifier sonsi~
tivity is shown in Fig. (29).



2,3 REPRODUCIBILITY AND ACCURACY OF EXPERIMENTAL RESULTS

The accuracy of the experimental results is Judged by
the reproducibility. ¥For this reason the engine was calibrated
once in the beginnlag of gtarting the experimental work and then
at the end. Pig. (20 & 21) show two different curves, and it is
observed that there is some difference in the sir-meter reading
and vacuum gauge reasding correspénding to a particular cetasne

" nunmber.

One of the reasons of this differonce is the slight
change in the operating conditions of the engine on these two
different dates. The slight change in intake alr tenmperaturs

wvas expected which must have changed.the values.



CHAPTER III

EXPERIMERTAL RESULIS AND CRAPHS
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TABIE - 3

EXPERIMENTAL VALUES OF IQNITION DEIAY FOR
VARIOUS PERCENTAGE OF DIESEL (INJECTED) +
PETROL (CARBURETTED) AT DIFFERENT
OPERATIRG CONDITIORS

PRESSUREs ATMOSPHERIC TOTAL FUEL RATE:s 8oc/mt.

Fuel Injection Ignition
. ) Advance Delay

938- CQA& BQE. C.L'-

15 7.5
758 Diesel (injected) + 25%
Petrol (carburetted) 20 9.0
26 9.4
15 7.5
60% Diesel (injected) + 50%
Petrol (carburetted) 20 - - 80
| 26 9,6 "
| 15 7.8
30% Diesel (injected) + 70%. . 20 9.3
Petrol (carburetted) | ' ’
26 11.0

No Firing of Puru Putrol CQrburettod at 20 c.c./150 secs,
1.0. 0. 23 x 10~% 1bs./cyele

Firing of Pure Patrol Carburetted?ht 20 c.c./72 secs.
1.2. 0.60 x 10”4 1bs./cycle
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TABLE - 4

EXPERIMENTAL VAIUES OF IONITION DEIAY FOR
VARIOUS PERCENTAGE OF DIFSEL + RTHER BOTH
INJECTED AT DIFFERERT OPERATING CONDITIONS.

FRESSUREs ATMOSPHERIC TOTAL FUEL RATEs 8co/mt.
Fuel Injection Ignition
Advance Delay

Doeg. C.de Deg. C.A.

18 7.3

75% Diesel + 25% Ether (both | |
injected) 20 8.5
25 8.7

Does not
18 indicate any
particular value

0% Diesel + 50% Ether (both |
injected) 20 -do-

28 ad0e




IgniTion DELAY | DEG CA.

h W

w-r

>

JeNITION Lo,

Bunp: peser
24 1. 0 15"B7C INJ. ADVANCH
&---20" « " v
22—;_ D'*<25' ”
20)
12
16l ] 1:\ L
41 ’ n
2l
10l
8 0 J \D
6 : l 3 i 1 e
03 04 gs o6 O7 o8 o9 1o
INTAKE PRESSURE, Atw. .,
} ()
LEND: 507/ DiesEL+507 PEROL
' M I
24 0---15°87Tc Tn3. ADVANCE
A---20°BIC v .
22 - -~ 24 . 14 t
{3 U R
18 L
6l
‘4___ “\\
zL L.
ey e \’\
; ~
i
a.l
6 A l 2 . i % ; -
03 ¢4 q. 06 41 a8 oy Moo
INTAKE PRESSURE | Atm.

FIG. ( 4-) EFFECT OF THROTTLING

(i)

IGNITTON DELAY, DEG C.A,

IGNITION DELAY DEG. C.A. .

BLEND - 75SZD|ssr__L +25/ P&TRoL 3 2

24 L 0-i{ 15°RTCINJI. Aovanct

' A-‘-- 20" & ot “«

221 a---25" ¢ " ”

20l

18]

el

141 \

T \ \\
A g

fo L. ’ \a..

l \D\
el i _ -
G " g " I ;

03 oMk 05 O o7 o8 oy 10
INTAKE PRESSURE, Atwm,
(1)
BLEND: 915/ DicSEL+25 7/ LuB.of
24l ---15°BTC INT. ADVANCE
o ca--200 4 .
22 L .o--R8° ¢ '
200 bl
@ 1L
\
o
le | a
4]
‘.‘.—"4-
0L
8 I S
6 I —_— -
03 o4 o5 o6 o’-’r o’,a, o'.g {:00

INTAKE PRESSLRE  Abw

(

V)

!

IGNITION DEL/EW

I

1

INTAKE |AIR_ON




BLenp: 95%Dissec+5%Lus OIL BLENL: 907 e EL 10, Lot 01, 33
24} o  15°8TC INJ. ADVANCE 244 0---- '%‘Bvc Ins. Apvancs
ﬂl ZO“ ] " n A----ZO.’ " n "
U—--z'j\ 3 be L4 - o " & o
¢ «} 22l u---285
0 <
- 3]
g, 20 i 204 \
w
>—'l 8 oo
d 4 ST
~ <
S 1 Bl 6
-3 W .-p_ 2 — P -
z z
O
= Ol 1s
o1 F 4
z z
3 e} g el \ f
| '0 \A -'Z-\t~
T T
| \ . ol
61 81 S~
v 0\""‘~<>--
I % | . n 1 | - _6 , 1l % | - ? ;
O3 o o!-b o].g ol-'; ola ) 0199 100 03 Oy o5 o6 ol,., Qe o p hoc
- INTAKE PRESSURE  Atm. NTAKE PRESSURE Atwm |
T " . . .
() am ;
. 8 1[ N - -
BLEND; 85Y PETROL +15ZLUB. Ol BLEKD . 80%PETROL +20%LUB. OIL
24 | O-- 15°BTC. INJ. ADVANCE . 24 0---- 4,7"87«: INT. ADVANCE
A-...zo" o ! Y] ! I A~~-~20. " ) n .
<: 22 L p 22 B :
J] | S \ |
wl 20 L - T T VO S | 2o LA .
v w . :
A Q i
E 2 1 , z 184 i '
I | &
.ﬂ ‘6 | Lo e el
y4
z .| Z
Floal S = I M
r , z ‘
O el Nei -9 el
. N :
5 75 S H N AU Lo ; R
al : gl ?
B X . ! t
6L ] 64 —
93 04 o5 o6 a7 08 o9 e i P304 a5 46 67 0§ 09
INTAKE PRESSURE Alm. | INTAKE PRESSURE, At
| Gii) _ (v) |
i . f H
FIG(H EFFECT OF THROTTLING INTAKE AIR ON
- [ »~———j——..- P S 'GN‘!T‘OAN - DEI]KY ‘ ] L+ o e i et st e o ...M;;.j.«....w,,.....‘.,,.w.-....m.« w——

t
i




IGNITION DELAY, DEG C.A

DEG. C.A

>

IGNITICN DELAY.

o —

BLEND: JOCN SRE BLEND: 60 CN SKF 34
241 0---- 15°BTC INJ, ADVANCE 24 | 0---15"®T¢ INJ. ADVANCE
a----20" - .« 5--.20° . :
\ o
22 L Q----25" .« . . q 224 u---‘?_s' .
, .
20_] ! ' 204
r g
18 | ig_r_
fet a o
5
4.l F 144
el 9 el
104 — ] ‘oL
8_] \M &_1.
¥ o4 ;FS 0c O7 08 o 1-b° 6% 34 o5 qg o7 08 o9 400
INTAKE PRESSURE, Al . INTAKE HRESSURE, Al . .
BLEND: 50 CN_SRF BLEND: 40CN SRE
24t \ p—-- \5°BTC INJ. AnvaNce 244 0-~--15°8T¢ TNJ, ApvANCE
\ A - 20‘ - .
2L < 2] 28"« ’
J
20} a3 20
(&
\
ts z| 18l
~
u
6L Al el
5
(4| ": i-}_r—
2
19| Sl el
0L LN
Ful , 8.1
! A
e S ol et
33 04 05 06 0T 0B 09 WO 03 ¢4 0S5 o0¢ 07 o8 0§ 0O
INTAKE PRESSURE , Am INTAKE  PRESSURE , Al
(i) (.jV)

FIG(6 ) EFFECT OF THROTTLING INTAKE AIR ON
IGNITION DELAY | .

!

i




24

22

20

18

16

14

IgniTion DELAY, Dea.C.A

BLEND.: apJ. (507, sk, + 507, pebeot) 4

loz ETHER
o I5°RTC INJ. ADVANG
A 20 . . "
a 25 . . .

\

32

BLEND : G5, { 5

b7, Diesed +50%, poedral )+

24

a2ep

20

18

16

!

i4

IeniTioN DELAYLDEG C.A

5% ETHER.
15°8TC InJ. ADVANCE
ao° b " IS

2: o 4’; 3

2L 2l
fof '. ol

{ . C
gL ; ’. Bl ? ) ‘
el1 (i1 1 6 i1 A

of 06 o1 a8 q3 )

- INTAKE PRESSURE., Abm.

] J ‘
) EFFECT OF 1]

a3

94 05

‘6 o7 08

INTAKE PREsSURE. Alwy ‘L
| o

\ ‘ . i

AKE AR

[HROTTLING __ INT,

: ! | T ;
Z { ' | , ,
| | IGNITION DELAY | R A
! : | m—— — - ’ b . ‘ 5
5 ' ; ; | ' A ! ’ |
b ! N ; ? o N : i ! :
| I L »
; ' !
‘ : ' ] :
) , ; ‘ ! !
; - A ! ; ; ;
i ; : ! I
‘ . i .
- . ‘ f
i i !
i
‘ .
e & T - e b2 e | s emt - —-——
; .
i




22

<

O} 6|

9

L

a

g

<

™

Q] 4]

z

Q

k

Z
8 e

oy

T A s . il A R e = N e W N3 B bt - (s S

L

)

19°B:y . . TION € 35
¢ ‘DIESEL

a 750 DIESt. + 257, PETE

a 50 DIESEL + 58°, PETRA, l
¢ WOUN SRE

A 60 Cii SRF

0o 50 CN .. - |
<,5 L0 CN 9RbE

03 0-4

F1G.(8) . EFFECT

05 06

o/ 08 09/ 1.00

INTAKE PRESSURE, ATM.

OF THROTTLING.

INTAKE  AIR CN DELAY = _




IS A
20 8TC INJECTION Abvawce
2% o DIESEL 3&7
a 757, DIESEL +257 PETROL
. 0 507 DIESEL + 5D, PETROL
) X é TOCN SRF '
i i & 60 CN SRF
22 ' ; o___50CN SRE -
; 4 40 CN SRF
20
<
O ®
g
w
o)
>
«
-l
Wl g
H
4
Qo
E
Z
9 %
12
0
i
P
) \
i |
) & , ?
l{ i ¢ -‘
" , : | i
: i : ! »
I ! RN e
3 i i ' J § -
6l 1 l | | 1 1 0
o3 0~:1- 01;5 0:6 07 08 039 .00
| g INTAKE PReESSURE . AT™ : ;
: -

—HG(9 ) EFFECT OF THROTTLING INTAKE AR __ON DELAY




25 e TwsecTion Apvang®
241 0  DIESEL
A 75/ DIESEL +25Y PETROL
D 507 DIESEL + 50/ PETROL
é 70 CN SRF
A 60 CN SRF
2 | 0 50 CN SRF
4 40 CN SRF
20)
<
Of 18
g
[S1)
)
r
q
o
ol e
z
0
E
2z
TS
2L .
VR
8 o
6 I R | | 1 1 |
03 o4 05 06 07 08 09 1.00

INTAKE PRESSURE  ATM.

FIG.(10) EFFECT OF THROTTLING INTAKE AIR ON DELAY.



241

- .

20|

18

IGniTION DELAY. DEG. C. A

12 L

10}

©

o p——
20

FIG.(11 )

14-%_, .

e

15°BTC InJecTION ADVANCE 39

o4 ATM. INTAKE PRESS.
o5 =«

06 -

0'7 P

0.8 . "
037 . T 1

©0.0-b p OO

EFFECT OF

CeTaNE NUMBRER

CETANE NUMBER ON_IGNITION DELAY




20°8TC I1NTECTION ADVANCE
24| o o4ATM INTAKE PRESS] 4()
o 05 . ; .
A 0.6 =
A 07 - . .
! ¢ 0-8 .
Coo| l‘ 3
|
| s
|
.20 )
!
\
<
O 18
g
=)
<
w
Al el
z
®
E
Z
Ol
2L .
o
1) I
6 ] | | | |
20 30 40 : 50 60 70 80

FIG.(12) EFFECT

C ETANE NUMBER.

OF CETANE NUMBER ON IGNITION DELAY




25°s1c INJecTion ADVANCE
_ 24 I, .. 0__0:4ATM INTAKE PRESS, 41
\ X o o5 - "
A 06 -
. \o a 07 -
o o ¢ 0-8 - "
) B U XX_.G o\, & 0@l e
20 . _r_\ \\ \
‘ 1\ \ \
oLl __Lm .. O -
@ \ \ .
w
g h A
>-
% RERNERN
R _._g_iﬁ ) _ A0 a0 —_— N NS
% \\? \2 ., A \o
o $ \ '
E \.\d\ XA N ~_
U] . °
,,,,,,, e e e 1—4-— e e — . Sﬁ\_\.ﬁ* \\. A \QA' *—\:- — S
\ o\ . ) .
AN e \
S —— 12_._____.__. R \\ ,__\_ Y __ A______\1 | —— o -
N N
"
N {?\é\ ¢ A\‘. ~—
10 NN .
— - I s
N4 ~
gy ~L
\,\.\;5'
_ 2 I o e I B
.6 | l | | | *
20 40 50 o0 70 80

30
| CEeETANE NUMBER

_ FIG.(13 ).__EFFECT OF _CETANE _NUMBER OMN IGNITION DELAY




05 ATm, INTAKE PRESSURE

24 i T 0 15° INJECTION ADVANCE 42
A 20 "
¢ é 25°
]
221 _
0l
<
O 18|
U}
w
(a]
%
3| 16
- A 1 B _—

4
)
E
4
Sle

2l

‘‘‘‘‘‘‘ ol .
I - B o _ .
e 1 | 1 | T

20 30 40 50 60 70 80
CeTANE NUMBER .

_  Fleua ) EFFECT OF CETANE NUMBER "ON IGNITION DELAY .




|
!

IGNITION DEeLAY Dea.

241

22

.20

C.A.

_1a ]

16

la

12

0:97 ATM.INTAKE PRESSURE

0 15°INJECTION ADVANCE

A 20: H »
(;) 25 » ~

43

FlGa.(15)

CETANE NUMBER.

EFFECT OF CETANE NUMBER ON IGNITION

80

DELAY.




i1

.J.w

oy
q

S8l NI 10 DNILYDan] 30 3IDVANIOFAY
A M

R
|
I
|
¥

|

a4

|
|
_,
|
|
|

=. T e ee—re— -

|

)
]

R 5
bt A o
_
.. i
|

70

€0

w
|
|
_

JN PR

+ -

- e — o - e o em o - = = I.lllrll-.lll.lll..lll.l.l.llull.r.nl‘alul'l"il"ltlllllJv

i

- ey -
H

30

CETANE] Nu Me,eé ._

ON DIESEL

100

o]

|
< n
7o) o

“Wms3iqQ NI 109i3g d0 39ViNIouag

o

FIG.( 16 |) EFFECT OF LUBRICATING OIL |AND PETR




It

I D S, i %
E
i V'S
Sk
; aﬂ
%0
. i :2 !

N
8
| A
! A
.k
: .9
X &
H - . m
1D
-l
e
et mtrr g S 6 o ,_,,T,.o‘
X
- -2
v
Z

4 Wl
Q
&
W
Q.

t

A YS— X

' CETANE

I
50

NUMBER .

- %

FECT OF LUBRICA

! N
TING OIL_ON

Pl

:TROL.




46

- . . : S e - -
i i
) i
i I
i
- I3 13
! . L G S o . BUE S— - I
b
i
Q
Q- - _
P-4

EL

80

Ny

MBER.
Lo
| i

[ i

!
i
i

'
'

1

_AMYL - NITRATE _ ON| DIES

—

CETANE

*
- - . T e e 9 e
i S N S T
| — |
. o . _ l I T R ._nnl
< o e T < w
m 33T N IWEIIN-TAWY 30 FBVINIDEId T 1T T gy -
| m e o
| A, m b
.- - \Mi - e R i ,I,I.z —_ ‘ul' — - - — = - x.,_.. - +
. - t e e e -
: : b : :
| | L | __
! “ ] m

S



(5]

47

-
O
[ 4
-
N UT) s
Qo !
Z
wl i
2.,
e - P S £ Jf ; e ]
g Q i
Fa ,
) ‘ ,
- ‘ f
> ' ’
z .
! (i '
.; " -
; | o , ; oo
-; ] | |
| o S | ' '
- ; ' N a5 - ‘ o L
; : = ‘
; .. z *
. | w ‘
S o " S
E ? Y ' :
: 0. ; ’
— 0 20 40 60 80 . 100 |
o S ETANE ~ NUMBER C
o ,; ‘
5 1 1 i ; T i .
FI6.19 EFFECT_ OF AMYL-NITRATE _ON_ PETROL
! 4 B : 3
- o ;m ) 'Ml::'—» . i i 7« _,,_-; : i : L e -

i L

i .
C

i 1 i

: e ,

} '

w

i




. 600
Snf—— ‘03'65
———— 30.4.65
L 500
_ 400 ——
O]
=
_~_ 9{ 300
Wl
a'd
e
i
=l 200
T Gld
pl
a4
<
- 100
- 0 1 1 1 1 i
20 50 490 50 60 To

CETANE NUMBER

FIG. 20  CALIBRATION CHART _(BURNING AT T.DC)




49

e e emwe o =

80

_ 1.3.65
am—= 30.4.65

- 4 -

B e S

e )lf/ .

50

70

40

30

80

50

40

30

O
—

IDAVH -

WANOVA

{

CETANE NUMBER |

20

t

o

i
}

{
i
}
t

AP e

!

CALIBRATION CHART ( BURNING ATiTDC,.\.
1

e
1]

t

- He. 2t

- 4

o e e i e e

-G

e v -

f
|
s

i
-
‘
13
!




50

X

s — s g 0"

c e e e am —

80
 MISFIRING)

)

1
!
i
i
i
!
}
!
i
|
7
{
I
|

o
- B - v . - d - - - — e - - e et e e [T e e s - - - e e e e g A)l‘.l..skil, - —

CETANE NUMBER

20

&0

2 - = ‘ o

50
40
3
2

. | | |
- Fle.22  CALIBRATION CHART  CINCIPIENT

390Y 5 —9DH - IND - INNNDVA|

B S




8 FUEL: 70 CN. S.RE
i . . e L .
o —- ——
.- <
Q
)
w
a
| ol ‘
W
_Z
- —5 .
N EE
o
SRR + i
. o
; .- O : !
o e S
o N I T
et ]
SN S <: . .
-l )
Coowd
I [ O
—
......... ~y- .
P 2] ; b
| | | -
: ! ' I i ! '
. — -0 | | I | { | i I
) 2 4— 6 8 0 2 4 w6 18 2D
COMPUTED DELAY ,DEG C.A. |
FIG. 23 EXPERIMENTAL DELAY| VERSUS COMPUTED |IGNITION DELAY
!

i, . '




-
;
1
1
H

| EELAY

!
3
!
m
| | | |
e e e o, .4] i y - R i e ey S R b e P SIS N tiﬂ.
I

;
!

D IGNITION

e i g
il A )

3 -
9 '

+

t
L w |
8 ¢ ¥ 9 o @ o o ¢ 8§ g =

i

< al
° ) ' I
B 5T VU NI o § NN S ST
AR R |
wl X
o A, qgf |
I o & 4
bt : , }
T -
» ¢ B o
M o - i - thn
@ o P
e & R " 1W RS s
. D B ,,, 2 mm
-4 e L S o =2 0 oot ]
o z _ iR = Tl Wuw
o ol g
_‘nﬂuﬂ 9l “f% — oL L) ]
oed] - § . , N DR | SN TR 25 N S D s ; - -
T ’ - 4 H o ;
= _ : 1Wr_w _“ !
M i | M _

cede ]

- . R S ey

4
]
T
+

§ L T I pe—

1G. 24 EXPERIMENTA

4+
1
1
[l
t
+
1
i
1
4
4
i
l
X,
'
3
13
e

Ay g




[ -

0

€ &

2

)

!

|
TAL _DELAY,

!
s
!

|

srrrans =T 1— .

- FUPRY U

i
3 — —_ —- ~—— WP —
X ) i _ W A
| g . |
¢ + . - - — R e e e g e S -t
5 ; . i -l
{ - PRI — - — P~ 4\.w...wx.|,.| iL.\:M. —— .Tolli. - -
~ _. = s Z
H S, . s P R L et lm PR
e u ﬂu H 2 m|..|l
: : -
Nt ‘
— — S . SR %) —) RS S
: ed o !
o < 5 |
— e —— e e A S+ C . w - SOOI S,
—e-- & - 8-
4
@_ >l .. _w»nl o
L W % m
: s A &
=] P
1l
T
-
o
=
&l

22| FUEL : DIESEL

_ =z
- e T { Sl
>
L L L | L I L e -« L oy
a - £ b4 o e @ O < P -4 L W . m .,
| VO 510 ° INGWHIdXT wWodd AV1id R A
! i
{ i
' m - S .L T 2 o
| &
. - g _ 13- !

22/ FUEL: 75/ DIESEL +25/PETROL .

|




| | P
e S : H —— B
S = | | 1 -
-+ ~ m — , . _ : . VA“L_ -
; kS - - + m - ey T, ae T..!««.» - - All > A B | Sy S
: + & - 4 : { + . m
_ ! ! ( . . N
. . w ~ - PR o im. -1 .. e - . - —~— - ..\_ . WM...\'AA —— - < L e [ S P 4
. - i - ~d . . P R . e a,s‘myi . Pt g vl o v b e b SURP -
N\ K NG ] AR o 3
T : N T T ~ A
O - g b M e . - RO e T S -4 e
_ ! L s / _ : ,
- f i N o7 ud !
| EEENERNENEE ,. B
—t- % ~ 1» ' . : I_. —+ ! =¥ -
v A = o . . r’rw N ! —~C H w
ﬁ o L] : . 1 . 0 ) N T ;
ol 4 : B \ Lvaa. v e - A B B B r.m . T — N, - SR 1 - M
T ! I I . ) . |
. l*-l .y Fos vﬂ . o 3 — SR, * + Jou oo .. - io ] -4 [R— 5 i % . - R ! —
P | ~ P wi
- —t—r ; . — ; . NG S - i
% T 7 - Q- 0* Y rSr_ M AR L § . / o I TR | I ’ H
o , : = —i o % -
, | . _ , N .
1. L - - 9. .. PO SN O S / I B v - .. * .
2 , . o : N - - =
[ i : : - : -t !
) ©o- g - R T I + .- - e d - - -4 e B M St .- m . . “
- - ﬂ * JM‘ - n—n 4 : v i :
m R P ~ . .w . I m . ,3 . o S x.m 4 .ﬂ .
! i | I i 3 : M
| 1 . . HEE o ‘ .
§ 8. 9 ¢:.3% o .2 .9 d 9 8 8§ @ .9 % N 2 o o .Y -
- — N h . } - : < : e > ) .
_ _ V' 930 LNIWIH3IdX3  Wodq Ay 13 | S L
T ' ¥ i T o S L Qm w
- ~ “ e . - . N S . ." - ; - — _a o RPN - . . .r; " . @ s . —
- ! : - m m 4 0
) H i I i
“ e he - - - W - 4 ¢ % o - - Rk - Kl - !W ~ R aand - ) e - ” R
N | — 4 _ ,
.ﬂ . “ ;w i + ! ] v .
t - R . m - L 3 U S - - e e fee - pp—— e g ~ g vi 3 s
: S SRR S m - | .w
o ) “ i ! o} e SUR SRS WA S NSNS SO ISP S * {




— . T — " —
b : { ! i ' i _ . : : o u
1 - [ ' 1% 3 - : i L SR t ot ' .
' N i H } 3 ! - F m m
- m 1 w + 4 - 9 -+ | m =
oy : . . m .. | HU I _
P..A}v - I + - - s A . 4 44.! .. .wi R R IR JEVUO: SR DS S \1w PR DS PUNON W ..” A I TP S 4 e n
- / . " ) a - - .u rw
’ E . _..I..r_
i b . - - N . - . - e T B e R T e e e e S s Sl e m D3 e 4L -t .
: : A : | . , o ‘ (' A
{ + ! R & '
) . -y xﬁi o _ o I - : P ehomeremn e ey i; IS U SV DU § JUNEE SUUNI SUS S w R A e
* . s .
. : ! { | | ; { L L=
| i , : k i _, L = ,,
, . U TN I A o T Tt T B e IS - B el b e e e Lo m el Bt
i } ) ! . . H . . .
: o v : . : 1 " : .W
; N .ml.. gty o M e SR IR ..J.... .. — - H N R e ecs Dt L, M er.i...w:zle.. whowrofonns m -k - m 8 .W 4
| : ‘ . = i ; ; . : . ; ’ :
I _ : ; : ; t * * e {-
N -, s 2 I ST SN ) e od e e LS S SR S S ) N SRR L N | .
o ; SR Ty R S - -t R ™ "% Shnttie Satsotthn: SR RR: M nant e M T Sl i N Iwﬂ. M Qlf T A A &
t . . ¢ I3 4 v
——— 2 * : < N ~F et : - . - m : \mﬁ\ < ; Z ,
! : : ; 3 : s g T ' : : ;
. i - R “0, P T o Cor e e e S LEnns T S S N e N AR FUP T W " ,m{\g e L M e I S
: <) Lt ) ' : NDO- . i ” . i : !
i o * i \ Wu TG 4 ' B LS Wy i
§ P e N o R S . I SRR DY et e v s e R S B e S T ar” ot NN 1 NUNEUE SR
L a0 q ‘ H : | = LN L - o
) ) ; W = Lt “ R
. i < ! s . .
- - - el : - NGO - | e, - NI« | TR A P BN 1 B
‘ ; N . =21 , . A
+ ~Cy 9 : : * +
- 3 P et o] Fod e e oy — _ B — P SO SR SHN- as e i)wm;w. m—f ey 5 - o Sl st J
¢ : : - R R~ . :
I - L i e W m
] S| TR S RIS NV R S SR PR | N S Al
. K B : : i .ﬁ | IR BRE! RN B
et 1T - . A +
' M . { . BV . ’ .
u ; i ” ;
i — - —— ﬁ d.:«... VR O Y.I+,- LRI SUNG RIS SN ™ 3 lad sl ﬂﬁ.yr — et ﬂ L - g R
m q N : : . 3 4 =
5 ] 3 : O . i E
‘ . W.x {4 . FURNS SRS S e e g . h|u.. ooy M i.. M ST S
) . o H N . .. % : ; } >«
¥ )4 v 1 T T O M
o= « : E : . d . W.r_ L
W' | SR . R & LI - e fe X [ [ —— LS SN B .
1 ' £ . i i : x A T
v - . - - . . - [T
! L8 .d  f . d . d 8 .d ¢ 8. d _ & @ g e
J : H H H AR b 3 7 +
“ : m s i ) * + o .
+ - - ~Od .
, . V' D3 T IAINIWIHIdX T TWOdHE A . N _ :
, AM . 4 P RO S AP URNG SISty DA 3ain: S-SR RESINN DU N S - RN SR W RS2 , § ST SN N
. ; ¢ T 7 o H T s b —) i P
} ; L : ; R ) ! N : i : L
— ¥ ¥ t : : e T N t ; — t
! 4 . : i i . M T Tk ’
y —_— B e . 1 u - fome 4wt S * -~ ey - = ..M b doos et [ vamas B e ll..‘i SSUNUI SO ORI S +IJ — : B e lu?l;)_ R e SR S S
' : ¥ . ’ . \ H H ' E . i
— i . ] + ;
i . 4 3
I — ] S PR S, I DU SRUURSN AU SR SRR SN AT DU S
, i { : \ :
. - ¢ { i +
) t W ! ] | il
{ H { q 4 i - N J R - - . P = —r - I i e - mv
{ . { f i . " ﬁ | o } M :




. . !
. . * .
S X > f.l.lllril‘,wi... . : t
.wku ! __ i . - ' ] - - " 1 "
A 3 m ! m A Co.
R . ! : : i ! i i ! i i
: i ; _ | i N : | 1 ! |
M | i : , . S S ] H ! R ! m _ |
t H ) & H T H
H . i i ¢ ' i t . “ ‘ ; ‘ 1 -
— : | : ! i : ] ! : ! 7 ! ! ! i ;
N | ] H ! i P H { e
LT SO S | " SEERE TTE T
. ‘ ! ‘ . ._ ) 1 i i i Foe b :
- 1 - \...“ I.W.. ' w ! : i i i i - i — H..n :
. : . : 5 i : i -t i . Poon i i —
M ! ! : ; ] M N ! S B *r : i - i
; Ty ot m ! : ., et [‘IIOQ. _
X . : ! ! . -1 : ' i [ ]
o — A I T SR - B
N\ _ ! “ , 1 | ; 7 s & i
. : + ! ; oy ] —
P A R P e T
. L R w R R~
M “. J— w m m e M u ¥ .
‘ ,, ) = 1 IR I A S : 'y
, A b o = . N
u O ' < m ¢ ~ o rU o _ '
R O | ; i [ - i Q
— R \ ] ! ! (&
- b m ¢ | i |- 24 L
o _H m ; N &l 7 i
Y0 00 IR e < P i H®
.1 D WP I i v m
& ! oo ; w N ! . R ; !
p ¢ - Am . m S mxuw.. ’ m m
o — w.. m : w ‘_w_ m w :
_ PAE {
. * . or ! “
| L_m_. | N\ - ._Cw M% i
pr | A 1 I ©. Z i
i . !
8 & 2 4 9 HEREE it R S~ I
— . g st o
| ! A el w
+ - . i x
, - i i S N
: : { - - i
_ “ S -
, -t . ! o
i N R |
| [ EE
P ! LS 3 m—
w " - o ll w ‘J - _“ F s S
P i ; ;
.. ! 1 ,w L ;
. ; m
; { ! c A W



LT RVAS . NoLvaay o uiuﬂz Sanssagd  (6e) Did

f Rjnd
< rm’ s’ £ d k! ) R .. [

b ¥ o ]
._.”{Q:k:wm“ Wvag
S S - S w

,_

“ !

=

-

e

U003

al37

- T
\“‘ i\ : n\
- s N

e . \\J\ M
. . ) . + ... . - * ) 3
. T R .\\:_ \ u
R I T &; ] \}.w . ) T gw..;.m.v
T N e % S S S B R
o \\ SEREREN ¢
s e bt A Ly et 4 ; >

.+\p\\‘vw 008

Ym.wo.fw,.,,:,.... WMZU,,\ZZ Qg N L T 2

PSS

P R B 2 1o7/Nvr T arTEEEET O | o001
wzol L%l | S WO g ) seeenw

w20 'SNAS AV & WAL Gol TSNIS . 3dDDS---7 O,

b e : - . ¥




- » s s s E e
i
i ' .
! i 1 - —
- o aw -
’ S IR 58

' - - . B
28 A
s

3

. : L | s Cr . o RS R

" e EXPERIMENTAL  CURVE| _ CER ENGINE | -
i Wj « 01125 mo"’f 'bs/cwte ‘r& S| 140°F

f-.-----CfJ. C’U_l;KT D GURVE ’FROM CDRRELRT‘!ON_

y . o oal e} . W{- 0-28xl0° % ‘bS/c.Yclﬁ ' j’}- 212°F '
<
— ..--’: . 20
MRS Y )
PO .
_ ol
- '><’
.. ..J =l' '6
o o) |
e . .
- 4 .
Cee - - Of- - -
- e - DR
- I ..
N1 M _
e - .- QO . ,

:j,;;.,“'.': B, - 40 - E , §o 9#;-...-.-.30*;"".‘:'90;:
Cob et CETANE 3NUMBER[ | N

BIGSEN SORRRDEEES SR IR SR
NS SAREIEAS ".M CQMBBLIS]M WJF_LALCLLLAIEDJALUEEL 1o

“ o . i . . R T B WSSy A N SRRV CUR

( b wWITH EXPER!N‘ENTAL VALUES | OF
R co T SR
.ol ) CERENGINE GfsAO etial):

U S

'

T

i

a

i
4
I
SRRV W
1



40

29

40 ON
50 CN

—_— 40 CN
—_—— P: 10 ATM. 50 CN — —
T 2 6 60 CN ~——+—
70 CN o ¢ b
BOCN —— o~

.

<

O

g

w

[a)

- v 0 0 O OO S =

- - ) [ N S
e U TR v

ul -

o ’YZ):‘SATM. 50 CN _—j 'Tar. 20 ATM 50 CN ___}_..-l"‘;
C 7. -6 60 CN —— — = b 60 CN

; e 00—

=]l 30 ——

|: 80 CN

4

9

20

700

INTAKE

700

€00

AR TEMPERATURE K °R_

FI1G. 31, EFFECT OF INTAKE AIR TEMPERATURE ON IGNITION DELAY

IN PROPOSED

CORRELATION




60

_ .40
40 CN 40 CN
- O'HATM 50 ON — — ,P = 1.0 ATM. 50 CN —— =
= q 60 N e | -9 60 CN e —]
70 CN e ? 70 CN —— v

' ... . BOCN —m—— L BOCN — e

<
Q
J
a
r h\;\: e e -
>.

..« o
-
o , 40 CN A0CN ——
(] 4'3.- .5 ATM. S50 CN  —me /Pz 2 ATM. S0 CN  ——- —
O 5 70 CN et @ o) ) 70 CN —_.n'__*'
t Q el e . . BOCN el S o ‘“W
Z
J

- 20 —_— — - . -

\

P
——
—— —— e
T e —
Lo I —

S—— ¢ ——
L1 S
hd “'~o-—-—.—_o_

s & ¢ am—
9O M $ 4 E— S 4 e o § c— 0 d— o at—

500 600 700 500 600 700 800

INTAKE AIR TEMPERATL;RE,°R

FiL.52. EFFECT OF INTAKE AIR TEMPERATURE ON IGNITION DLLAY

IN  PROPOSED CORRELATION




61

40
400N — 40CN
@;0-5ATM, SO0CN ——— — -YD:H) ATM. 50 CN mom =
- 12 GOCN  —— - 12 GO LN —— - —
TOCN e m 70 CN —— e
50 BOCN - = —— B0 N = = =

<
Q
L)
w
(8
4
h
_J 0
LCU) 40 CN  —— 40 CN e
P-15AT™M 50 CN = — b:2ATM 50CN —
- Q:iz G6O0CN e oo T=-12. 6ocnN ——-—
QO TON —e e TOCN — tv—e
F 30 goon —— .|
z
e
20
{0

—
— e e
T e t—— ——

INTAKE AIR TEMPERATURE , °R

FIG.33. EFFECT OF INTAKE AIR TEMPERATURE ON IGNITION DELAY

IN PROPOSED CORRELATION




40

40 CN 40CN —m0 —

4 = 0:5AT™. 20 CN — — o= 1.0 ATM S0 CH — —

2= 15 60 CN —— — P 60 CN ——'—]

70 ON o - : TFO ON e ormm

30 80CN —=—~ - 80 CN — ===

20

<

Ol 10

L)

W

a

}

< 0

J

w 40 CN —— 40CN —
ol ¢

4= 15 ATM 0N — = 4-204amM SO CN — —

Vz‘ o L . L0 OGN ———em i5 60 CN == v
o ? TO UN  —em =13 [V Y o] Y ——
E 30 RO CN ———=—

pd

g

500 t 700 500 600 700 800

1*. AkE_ AIR_TEMPERATURE, °R

FiG 54 EFFECT Ot Nisre AP TEMPERATURL  ON IGNITION DELAY
IN _ PROPOSELU CORRELATION




63

40
P:'O-S.ATM- 500N e erl-OATM SOCN == —
% '8 GOCN ——<— GO CN e
i} TOCN ——eemm e - 18 TOCN = cemm
20 8OCN = ==—] : BOCN wm e f
20 R
(—1, 10
9)
o
w
o)
> -.0.
<_§ A0 CN ) 40CN
w = LHAT™M N o = 2.0 ATM
W 13 5 50 CHN 43 50CN  — —
- 18 GOCN e — 4= 18 EOCN  ——em
z 7OCN —— g ¢ — 70CN [N —
,_9 30 BOCN e =]
g
z
g
V4
20 . i . -
10. N -
P\‘
h —
foe . ‘T" — e — — —
—— -—-a——q__..,—_.-'-' — e —— —— — —_——
O r-—-___— —--_----—":_"“ -‘ (X .s - ¥ -;

FIG.55, EFFECT OF

INTATKE AR TEMPERATURE ON

IGNITION  DELAY

IN_PROPOSED GORRELATION




64

CHAPTER 1V

 DISCUSSION OF RESULTS AND
CORREIATION OF EXPERIMENTAL DATA

Different oporating conditions of the engine wore
the followingst

A. Injection timing

(1) 15° BIC
(11) 20° BrC
(111) 28° B7C
B. Intske alr pressure in atmospheres
Ody 915, 916‘ Ot?g 0‘18‘, 0.97
C. Intake air temperaturs

80% (540 °R)

Ds Speed 1000 RPM

Ee Fuel rate 8 cc/mt.

The blends oﬂldiesel-petrol tested ware as followss:

(1) 1004 diesel
(11) 788 alesel + 25% petrol
(111) 50% diesel + 850% petrol
{(iv) 28% diésel + 76§ petrol
(v) 100% petrol

Figs. (¢, 8, 64 7, B & 9) show the variation of
ignition dslay with the change in intake air pressure at
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different timings of injection advance. The delay angle ine
creages as the intake alr pressure decreases and also when in-

Jection advance increases.

These curves also show that the dslay angle increases
as the percentage of patrol increases in the diesel-petrol
biend. These curves become more steep at lower pressures but
the trend of the curves remaing the same for all blends. With
the increase of delay angle, it was observed, that a stage comes
when the engine stops firing. &50% diesel + 50% petrol blend
does not fire at 0.4 atwm. inteke pressure whereas 258 diesel +
758% petrol blend stops firing ét 0.7 atm. intake pressure. Pure

petrol does not fire atall. This ean be explained as follows:

rrom the knowledge of pure hydro-carbon individual
drop combustion datay we know that the more volatile the fuel,
the smaller the initial dismeter of the drops and shorter the
physical, ahemicél and total ignition delays. But this theory
is not equally applicable to gasoline when injected into dlesel
engines. EL-Wakil explaiﬁs that the comwercial fuels are mixe
tures of many hydro-carbons. The molecular structure of these
hydro-carbons has & bearing on drops in a dense spray, and in
diesel combustion chember 1t results in cooling of the core of
the spray far below the temperature of the atmosphere in which
the fuel dyoplets are injected and thus affects the ignition
delay. | '

The sbove fact can further be explained by studying
two repressntative members of these fuels, namely cetane and
nroaﬁane with chemical structures of 616384 and Ca“1a respece
tively. As a matter of fact, cracking of cetane, which gtarts



at 100 psil pressure and 726°F temperature evidently'does nJig
allow the fuel droplets to reach the temperatures and pressures
existing in the combugstion chamber without interferring with
the 1liquid structwre. Consequently, there seems to be no possi-
bility of a normal vaporigation process due to latent heat
supply; whereas n-octane dua to its more stable molecule will
vaporige in the combustion chamber of a diesel engine.  Conse~
quently the cracking process in the case of n-octane must ocour
after evaporation, 1.e., at a much later instant than that'for
diesel fuels. Cracking 1s another name for the production of
free radicals. .As soon as free radicals are formed they may
reaet with oxygen present and glve rise to an explosicn. In
short, we may say that free radicals are produced with ~=4:-.o
while 24+ 20 53i11 1n liguid phase. Free radiealé ars not

producad with n-octane until it is evaporated.

The cetane number of pure diesel, 75% dlesel + 256%
petrol blend and 50% dlesel + S0% petrol blend were found out
to be 51.8, 46,8 and 39.8 respectively. This shows that the
addition of petrol in diesel lowers the cetane number apprecia-
bly and rate of the dacrease is groater és the percentage of

patrol 1s increased.

From the pressurs-time diagréms obtained, it was ob-
served that the maximum pressure is more in the case of dlesel
than for 758 diesel + 25% petrol.blend end decreases with an
incéease in tﬁe'peraentage of petrol. It is interesting to
note that the engine operation was comparétively smoother and
quieter with an increase in the percentage of patrol despite

the decroase in cetsne number, In this instance, cetane number



falls down as a fuel rating method. The study of p-t dlagrams
also confirmed that the tendency of engine knocking was more

pronounced at lower prassures for all blends.

Further expefimental work wag carried out with the
object to see the effect of manifold introduction of petrol on
the combustion of C,I, engines. 1In this case petrol was car-
buretted instead of injscting it along with diesel. The same
percentages of petrol were tested at atmospheric condition of
intake air under the same operating conditions of the engine
and the ignition dolay was the same as for pure diesol, Table 3
shows it clearly. 1% may prebably'ba due to the completion of

oxidation process of carburctted fuel before diessel fuel gets

A
/ | 2 S
P, |

A significant effect was, however, observed that no

into the engine cylinder.

firing of the carburetted petrol occurred at 0,28 x 1074 1bs/
cycls fuel ratej while incroasing the fuel rate to 0.60 x 1073
ibs/cycle, firing was obsorved with severe knocking. It is
probably due to the reason that the whole of the petrol could
not be oxidized till 1t attained 1%y self-ignition temperature.

4.2 FFFECTS OF BLEN
The blends of diesel-lubricating oil (S.A.8. 30) tested
- under various opsrating conditions are as follows: -

(1) 95% diesol + 5% lubricating oil
(11) 904 diesel + 10% 1ubricating oil

Tegts with these blends indicate that the delay angle

decreases very éligntly with an Increase of lubricating oil and
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the docrease is more with an increase of lubricating oil.

Pigs. (4-1v, 5+1 & B-11) show the varlation of ignition delay
with othor engine variahleg and the trend of the curves 1s the
same as that of pure diesel. The decrease in ignition delay

. i3 probably due to the fact that the gslf-ignition temperature
of lubricating oil is lowsr than'thet of diegel. 5% 1ubrica-
ting oil blend gives an increase in cetane number by 2 vhereas
a further addition of 5% increases the cetane number by 3. But
this addition is not very desirable because 1t results in car-
bon deoposition in the engine cylinder. However, it is bene-

ficiai for the injection equipment.

4.3 EFFECTS OF BLENDING OF LUBRICATING OIL WITH PETROL

The blendsg of patrol~lubrigating oll tested are as

follouss

(1) 903 petrol + 10F lubricating oil
(11) 85% petrol + 159 lubriecating oil
(i11) 80% petrol + 204 lubriecating oil

Figs. (6-1i11i & 5«iv) show the trend of ignition delay
variastion with other operating variables. These tests indi-
cate that delay angle decreases with an increase in the per-
contage of lubricating oil in petrol, resulting in an improve-
ment of ignition of pure petrol. The cetane number of petfol
wag incressed from 23.0 to0 27.5 by adding 10% lubricating oil
and increased to 31.7 and 34.0 by sdding 15% and 20% respecte
ively. This improvement in ignitlion guality is also at the

cost of carbon deposlition in the englne cylinder.



4.4 DATA OBTAINED FOR SECORDARY REFERENCE FUEL BLERDS b3

Secondary reference fusls 1u-9 and T«16 having cetane
nunbers 22.5 and 71,0 respectively were used as a standard of
comparision for dilfferent blonds. Different SRF blends tested
are (1) 70 CNy  (11) 60 CN;  (iii) 50CN; (1v) 40 CN and
(v) 30 CH. ‘

| The varlation of ignltion delay for these SRF blends
with difforent operating conditions of the engine is shown in
F1830 (6-»1, 6"11, 6"'111 & G“iV)n

From thege curves it is geen that 20 °BTC injection
advance 1s the most gstandard sondition of the engine, because
by changing the 1n;patian timing fgom 20 “BTC on either glde,
the change inm delay angle with throttliing of air does not
follov a raegular fashiocn. Fig. éeaii};shows that the docrease
in injection timing does not effect the ignition delay appre-
ciably at lower throttling pressures vhereas this change 1s
very significant at higher pressures. On the contrary, by
increasing the injection timing this change 1s very signifi-
cant at lover prassuresg and I1s not appreclable at higher
pressures. Further Figs. (6«111 & 6-1v) show that these
changes becoma more »ronounced as the cetane number of the
fuel blend 13 decreassd. This 4is probabiy due. to the fact
that the physical properties of these two secondary reference

fusls are not much different. The changes are only 1n'tha1r

chemical behaviour.

(G Hg),0 ON DIESEL AND PETROL

The following tests wore conducted at atmospheric
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condition of intake air with different injection timings
(15%8TC, 20%TC & 25°BTC).

A. (1) 758 alesel + 258 either, both injected to-
gether.
(11) 50% diesel + 50% ether, both injected to-
| gother. | ‘

B. (1) 78% dlesel (injectad) + 25% ather
(carburetted),
£11) 508 dilesel (injected) + 50% ether

(carburetted).
C. Petrol injected + Ether carburetted.

Results of 75§ diesel + 25% ether both injected wre
shown in Table 4. It is observed that there is a decrease in
ignition delay from what is obtained for pure diesel. It was
'eipecteﬂ also because ether is more volatile and has 2 lower
-salfnianitinn temperature than diesel. An addition of 5% and
10% other gave an increase in astane number of 3 and 5.8 res-

pectivaly.

50% diesel + 50% ether blend, both injected, however,
8id not glve any definite value of 1gn1tion\delay - rather.
the needle was fluctuating. Ko definite conclusions could be .
- drawn on this account, howaver; an apprecliable decrease in

ignition delay was expectod.

It wvas sﬁrbrising to note that delay meter did not
show any value of ignition delay when 75% dlesel (injected) + '
26% ather (carburetted) bBlend weretested at different positions
- of injection timings. P-t dlagrams obtained for 1t, however,
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compression of air plus ether charge before the point of in~

showed that there were traces of pressure rise during the

Joection of dliesel. This is, of course,; due to the fact that
ether has a low self-ignition temparature aﬁd is more volatile.
The same results were obtained while testing 50% diesel (in-
Jocted) + 50% other (carburetted). P-t diagrams for both are
shown on pageg 937. |

Tests of petrol {injected) + other (carburetted) daid
not show any significant result, The engine did not fire,
however, some traces of auto-ignition were observed on p-t

diagrams,

4.6 EFFECT OF AMYL-NITRATE (CgH,,NO,) ON DIESEL AND PETROL

Fig. (18) shows the effect of amylenitrate on the
ignition gquality of diesel fuel. The curve shows that an
addition of 1.0f amylenitrate inereases the cetane number of
diesel fuel from 81.5 to 65. .

Similarly, Pig. (19) shows the effact of amyl-nitrate
on the ignition quality of petrol. 10% of amyl-nitrate
addition increases the cetane numder of betrol from 23 to 8@.
Thus we sge that 1t 1mpravas‘tha ignition quality of diesel
as wall as petrol considerably by an addition of even a amali

amount.

Pigs. (11, 12, 13, 14 & 15) show the delay angle
variation with cetane number at differsnt conditions of in~

Jection advance and intake pressure. 4ll these figures show
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that the rateuéf decrease of delay angle decreases as the in-
take pressure increases. Howaver, the trend of curves for
different pressures at a particular injection timing is meintein-
ed., But, they have a tendency to become flat as tha timing

increnses.

4.8 EMPIRICAI

In‘oréer to establish some empirical corraelation
between ignition delay and other engine variadbles, the experi-
mental data obtained for different fuel blends tested, were
usad. It ﬁas thought that the various variables which were

likely %o be involved in the expression were as followss

(1) Pressure of the air charge
(11) Temperatura of the air
(111) Injeetion timing or ef?ecti?e compression ratio
(iv) Cetans number of the fuel
(i? Spesd of the engine |
| Since our engine could not run at varlable speed,
the eXperimental data avallable was only for a particular speed
‘of 1000 RPM. Unlike other investigators our effdrts were to.
involve the intake alr prosgure and temperature in the express-
ion instead of the pressure and temperature of the air‘chargé

at the point of injection.

The empirical relation was first found out for the
sécondary reference fuel blends and then tested for other
blends. The procedure was entirely by trial and error, al=-

though the basic factors effecting the delay were always kept



in mind while déﬁalOping the relation.
The empirical relation developed relating the pressure,
temparature, effective compresaion ratic, cetane number of

fuel, and the ignition delay is:

86 |1130 + (70 - CN)17 _ . 174 .
D 8 ——e—— — v - 1 e A - - 8;05
r+ } { | 00 p } {30’1(1.1 « 0.08p) ]

vhera
D = Ignition delay 1n deg. ¢rank angle
r = Effoctive compression ratio at thé point of
injection
p = Intake air'pressnra in atmospheres
T = Intake air temperature in °R
CN = ceténe number of the fuel

In order to determine the accuracy of the correlation,
"~ the experimentally measured delay is plotted agaiﬁst the cal-
culated ignitlon dolay for all tested fuels as shown in Figs.

- {23 to 28). The mean line for all fuel blends show that the
correlation is sufficiently accurate and e¢an be relied upon for
all conditions of the engine., It should, however, be equally
applicable to other standard engines also.

The expirieal correlation was checked with the CFR
expoerimental values of Tsao et al. Fig. (30) show both curves,
1.8. actual curve from Tsao et al and the calculated curve
from our empirical relation. Itvwas observed that these two
curves are not actually different. Whatever difference there
is can be ascribed to the follaﬁins diffarences in the opera-
ting conditions of the engines .



{1) differance in speed 74
(11) pifrerence in Jacket water tempzrature

(111) éifference in fue) rate

Difference in speed is not much, hence 1t effect may
be noglected. But there 1iIs an appreciable difference in Jacket
water tempera%ure and fuel rate. The temperature of jacket
we ter and fuel rate from Tsac et al data‘Qas 140°F and
0.1125 x 10'4 l1bs/cycle respectively wheress in our cese it
was 212°F and 0.28 x 10™% 1bs/cycle respoctively. The increase
in bo%h, docreages t&e delay angle which has already been ghown
by previous investigators also, hence thess two differences are
responsible for a difference of about 5° crank angle in ignition
delay. | E

The correlation was also checked for diffsrent values
intake alr tomporature from Tsao et al data and found to be

in reasonebly good agrecment.

However, in order to investigaﬁe the limitations of
the correlation, certain plots shown in Figs. (31 to 38) were
made ignition delay and the prossure, temperature and effective
compression ratic as the variables, keeping the cetane numbers
as perameter. The following limitations have been suggested

on this accounts

(1) The proposed expression is not equally applicable
for higher supercharged pressures. Above 1.5 atm., it does not
give accurate values of ignition delay. |

(11) The expression is not very accurate for very high

cetane number fuels. The range for reliable results 1is 40-70 CN.
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(141) Any difference in Jackst water temperature and

fuel rate should be accounted for while evaluating the value

of ignition delay.
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CONCLUSIORS

The following conclusions ¢an be drawn from the

oxparinmental work conducted during the course of our studys

1. The blending of petrol with dlesel increases the
delay angle in comprossion ignition englines, Although petrol
1s mora volatile, 1%s self-ignition temperature is much higher
than that of diesel fuel which offsets the reduction in vapori-
zation lag and forces the fgql to ignite later. The meximum
pressure achieved during the cycle is lowaer in case of petrol
addition than pura dlesel and this is beceuse the calorific
value of petrol on volume bas;s is lower then diesel. This
decrease in calorific valiue also makes the_a&gine to run |

smoother and gquleter inspite of decreasing the cetane number

[
i
I 4

he fuel biend. .The inacrease in delay angle with addition
of patrol slows the burning process and thus a decrease in

power output is obtained.

| 3; The increase in pressure of4intake air decreases
the ignition delay of all fuel blends irrespective of their
ignition quality. This decroase in delay is less marked at
higher pressures., Thus threttling of intake alr 1is not de-
sirabley it produces a tendancy to knock which 1s directly

responsible for loss of power.

3., Advancing the injoction timing deocreasses the
effective compression ratio which in turn decreases the pre~
ssure and tempersturs of alr charge at the point of injection
and so the delay angle is inéreaseﬂ¢ Hawevér, the increase of

ignition delay is fastar at larger injection timings.



4. The addition of lubricating 01l in diesel and 77
petrol increases the ignition gquality of bdoth diesel and
poetrol. This is because the self-ignition temperature of
lubricating oil is lower than that of diesel as well as petrol.
This addition, however, is not deﬁirable because the calorific
value of the blend being small, the consumption of the fuel is
more and also it is directly responsible for carbon deposition

in the engine c¢ylinder.

5. The addition of diethyl ether has shown an
increase in cetane number of diesel fuel. It has already been
recognised as one of the means for cold starting of the engine.

Hence 1%s importance.

_ 6. The addition of amyl-nitrate, even in very small
quantities, increases the eetane number of fuels tremendously.
Thue 1% 1s a very good ignition accelerator. 1% addition of
enyl-nitrate in diesel increases the cetane number from S51.5
t0 68,and similarly 10f addition of amyl-nitrate inereases the
cstane number of petrol from 23 to 85,

7. The cetane numbers determined for various blends
are shown in Table 2. The values determined by variocus
methods do not differ much, hence any of the methods can be
employed for its determiﬂatian. However, for accurate measure-

ments, braeketing mothod {3 preferred.

8. yanzfnldxintreduction of petrol does not change
the delay angle of the diesel fuel injected.

9. Menifold introduction of ether while petrol is
injected into the combustion ohamber, has no effect on engine

working., The engine does not fire at all.
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10, An empiricel correlation relating the intake air
pressure, intake air temperature, effective compression ratio,
the cetane number of the fuel and the ignition delay 1ss

86 1130 + (70 « CN)17 17.1

r+l 0+3(1.1 - 0.06p)

This correlation 1s very helpful in finding out any
of the unknown vslue from other known velues. It 1s a simple
correlation bascause the temperature and pressure at intake

conditions e¢an always be found out without difficulty.
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APPERDIX - A

EXPERIMENTAL AND CALCULATED VALUES OF
IGNITION DEIAY FOR VARIOUS OPERATING
CONDITIONS OF THE ENGINE
(Speed, rate of fuel and intake air .
temperature are 1000 R.P,M., 8cc/mt.,
and 540°R respectively for all readings)

TABLE A-1
FUEL: 70 CN SRF

Injection Intake Ignition Delay Deg. C.A.

Advance Prassure in .
Deg. C.A. ATM, Experimental Calculated
0.4 13.1 11,0
0.8 2.8 9.4
15 . gdg 306 3.2
. m Ve t4 14
(r 1305) 0'8 6.8 '- 6.5
g 0.97 6.4 5.8
0.4 16.0 ' 13.4
0.8 11.7 il.4
m 0.6 1000 9.9
0.7 9.0 8.9
(r = 11.2) 0.8 8.3 7.9
0.4 17.6 15,5
0.8 14.2 13.2
& O ™ l '» .
(r = 9.7 0.8 9.5 9.1

0.97 8.9 8,2




TABLE A-3
FUEL: 80 CN SRF
Injection Intake Ignition Delay Deg. C.A,
Advance Pressurs .
Deg. CJde in ATM. Experimental Calculated
0.4 15.4 13.2
0.5 11.6 11.2.
15 Gés 9‘6 909
0,7 8,5 8.3
(r = 18.6) 0.8 7.7 8.0
0.4 16,8 15.9
- Q.8 13.4 13.8
20 g.g 1l.4 ll.g
= 11, 7 10.2 1i.
(r » 11,2) o'n e 12
0,87 2.0 - 7.8
0.4 19.5 18,5
0&5 lsn'? 1516
25 gag lg.o 13.3
(v m o " 0, 10.8 2.
(r = 9,7) 0.8 10.2 1.1
0,97 8.5 8.9
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TABLE -3
FUCLs 50 CN SQRF

Injecotion Intake - Ignition Delay Deg. C.A.

Advance Pressure in . .
Deg. C.A. ATHM. Experimental Calculated

0.4 . 19.8 15.2

. 0.5 13.5 13.0

15 | 0.8 11.2 11.7

(r = 13.5) 3 8o 193
0.97 8.4 7.6

0.4 0.0 18.4

| 0.5 15.0 15,7

N | g.g | ls.g §§ é
for m 5 3 - llv L ]

\* = 1L.2) 0.8 10.5 11.2

0.97 9.9 9.2

0.4 22.8 21.4

0.6 18.0 18.2

. 28 g;g %g g 16.2

- 15.0

(r = 8.7) 0.8 10.8 12.8

0.97 10.0 10.6




TABLE A-4

FUEL: 40 CR G8RF

Injection Intake . Ignition Delay Deg. C.A.
4 n : :
Dog. CoA: Fossura Experimental  Calculated
Vel 26.0 17.2
15 g g ‘ 15,5 13.0
== ' . 1205 1 .2
(r = 13,8) 0.8 11,0 11,2
0.97 10.0 9.1
0.4 25.0 21,0
| 0.8 . 21,0 18.2
20 0.8 17.0 o 1;.
(r = 12.2) g:g g:g iaﬁg
0.97 12,3 11.0
0.4 25.0 24.0
' 0.5 23.0 21,0
25 g.g 13 .2 ig.s
0. 17.4 .0
(r = 9,7) 0.8 158 1ee

0.97 12.5 12.7




TABLE A~

FUBLs DIESEL

(CN = 51.5)
Injection Intake Ignition Delay Deg. C.A.
Advance Pragsure in . -
Deg. C.A. ATM, Experimental Caleulated

0.4 16,1 4.7

0.5 11.8 12.7

o 10.0 10.2

(r = 13,5) 0.8 8.0 8.2
0.97 7‘5 7.2

0.4 17.0 17.7

0.5 13.4 15.3

- Je 10. »
(? 1102) ng 9.6 1100
A 0.97 8.0 8.7
0.4 20.1 20.5

. 0.5 ) 1601 1706

25 9.8 14,9 5.2
o . .0 :
(r = 9.7) 0.8 10.8 12,7
0,97 10.8 10.0
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TABLE A~6

FUELs 757 DIESEL + 25% PETROL

(CN = 46.5)

Injoction Intake _ Ignition Delay Deg. C.A.
Advance Pressure in S . —
~Deg. Tl ATHM. Experimental Caloulated
e o ' o e e S o Meva e e

C.4 18.4 15,8
0.8 13,7 13.6
10 0.7 1010 13:0

- . 10.0 1.
(r= 13.5) 0.8 9.0 10.0
‘ 0.87 8.4 8.0
O.d 20,2 19.82
. 0.5 15.2 18.4
20 g-g 13‘3 lgtg

¢ . 11, 13,
(r = 11.2) 0,8 10.8 10.0
0.07 10,8 9,7
0.4 22,0 22.0
0.8 - 1840 18.9
25 gg 16,0 16.7
= ‘ : 4.2 16,3
(r =9.7) 0.8 12.8 13,9

0.97 1l.2 1.1




TABLE A7

FUEL: &0% Diesel + 50% Petrol

Injection Intake Ignition Delay Deg. C.A.
Advance Prossures in . . .
Deg. C.A. ATH. Exporimental Calculated

0.4 25.0 17.2

0.5 17.6 16.0

15 gﬂg l?.g ligoo

. £ 1 'y 02

(r = 13.6) 0.8 10.3 11.2

- 0.7 9.6 9.1

0.4  85.0 21.0

| 0.5 . 1805 18.2

20 - o HC

= 13, 14.7

(r = 11.2) 0.8 18.6 13.5

0.97 12.0 11.0

0.4 . 28.0 24.0

| 0.6 . 20,8 921.0

25 0.8 17.7 19.6
. . . 18.0 7.

(r = 9.7 0.8 14.6 15.68

0.97 . 14.0 12,7
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TABIE A-8

PUCLt 28% Diesel + 78% Petrol
YO(CN - 31.6)

Injaction Intake Ignition Delay Doge C.A.

Advance Pressure in -
Deg. C.A. ATM. Exparimental Calculated
0.4 - -
) Ots - -
15 g‘g‘ - -
(r = 13.5) 0.8 150 15.0
0.97 13.0 10.0

. 00_4 - -

. 005 - -
20 0‘3 - - '
= Q. - -

(r = 11.3) 0.8 12,0 15.5
0.87 18.0 12.1




TABLE A-9

FUELs 958 Diasel + 5§ Lub. 041 S.A.B. 30

(CR = 53.8)
Injection Intake Ignition Delay Dag.‘C.A.‘
Advance Pragsure in e
Deg. C.A. ATM, Experimental Caloulated

0.4

0.5 11.6 12.4
15 . 80? gog 10‘9
o o . o 10,0
(r = 13.8) 0.8 7.8 9.0
0‘97 7:.4 . ?tl
0.4 17.3 17,3
0.8 13.8 14,9
20 g.g lé.é 13.1
- ol 1 §3 1-3-0
(r = 11.2) 0.8 8,6 10,8
0.97 9.0 8.6

0.4 19.8 19.8 -
0.8 16.4 17.3
(r = 0,7) 0.8 11.0 12.5
0.87 10.5 9,8
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TABLE A-10
FUELs 904 Diesel + 104 Lub. 011 S.A.E. 30
(CK = 56.58)
Injection Intalte Ignition Delay Deg. C.A.
Advance Pressure in -
Dags Cole ATM. Experimontal Calculated

; . 8‘.‘7
(r = 13.8) 0.8 7.9 815
. 0497 7.4 6.7
0.4 17.2 16.8
0.5 13.5 14,4
ORI - BN - B
= * 1 ® ll.
(z = 11.2) 0.8 8.5 10.2
0.97 g.1 8.1
0.4 19.8 19.4
0.8 16.2 16.7
25 0. 140 14.3
A 12.3 13.1
(r =9.7) 0.8 11.2 11.7
0.97 10.5 9.3




TABLE A~-1ll

FUELs 80f Petrol + 20% Lud, 0il 8.4.E. 30

(CN = 34.0)
Injection Intake Ignition Delay Deg. C.A.
Advance Progsure in e
Dag. C.A» ATM. Experimental Caloulated

0.6

15 0.6 18,0 14.5
. 0. 13.0 13.2
(r = 13.5) 0.8 11.5 i1
0.97 10+4 0.7

0.4 - ~

03 L -
20 0.8 20.56 17.5
. | 16.0 15.8
(r = 11.2) 0.8 14.0 14.6

0.97 13.0 11.7
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TABLE A-~13
FUEL: 85.0% Petrol + 15.0% Lub, 011 S.A.E. 30
(CN - 31;7)
Injection Intake Ignition Delay Deg, C.A.
Advance Preasure in
Dags. C.A. ATM, Exporimental Caleulated
Ced - -
0-5 - -
15 ‘ '.7 ‘." - '
- 0.7 1619 14.0
(r = 13.5) 0.8 12,5 12.8
0.97 11.0 10,0
0.4 - -
0.5 - -
20 0'3 - -
= ‘ 0." 10.56 17.0
(r =11,2) 0.8 16.0 15.1
0.97 14.6 i2.1




APPENDIX - B

TABLE B-1

EFFECTIVE COMPRESSION RATIC POR
VARIOUS COMPRESSICN RATIO AND
INJECTION ADVARCE POSITICN

(Conneocting rod/Crank = 5.0)

Injection ' Effective Compression Ratlo
Advance AR

Dag. C.A. 20 C.R., 18 C.R. 16 C.R. 14 C.R.

10 18.1 16.3 4.1 12.0
15 4.4 13.4 12,25 1.l
20  11.8 11.15 10.4 8.5
25 0.2 9.8 9.1 8.4

91



A-10
FUEL : DIRSEL
[njection Advance = 15°BTC
ntake Pregsure = 0.97 ATM

'seilloscope Sensitivity = 100 mv/em,
mplifier Sensitivity = 0.2 mv/pebd,

B-4

FUEL : 75% DINSTL + 25% PTTROL
Injection Advance = 18§0BTC
Intake Pressure = 0,87 ATH

[l Oscilloscope Sensitivity = 100 mv/cm.
Anplifier Sensitivity = 0.2 wv/pch,

C-4

FUEL 3 80% DIVSFL + 80% PETROL
Injection Advance = 15%871¢C

Inteke Pressure = 0,97 ATH
Oseilloscops Sensitivity = 100 uv/cm,
Amplifier Sensitivity = 0.9 mv/peb ,




D-2

FUSL s 26% DIESEL + 76 § PTIROL
Injection Advance = 15987C

Intake Pressure = 0,87 ATH
Oscilloscope Sensitivity = 100 mv/cu.
Amplifier Sensitivity = 0.2 nv/peb.

B2

FUEL : 100% PETROL
Injection Advance = 189BIC
Intake Pregsure = 0,897 ATM

SN Oscilloscope Sensitivity = 50 mv/cm.
Amplifier Ssnsitivity = 0.2 mv/peb.

1-12

FUEL ¢ 40 CN SRF
Injection Advanee = S56°BTC

Intake Pressure=0,97 4TM
Oseilloscope Sensitivity = 100 mv/ca.
Amplifier Sensitivity = 0.2 mv/peb.




S-6

FURL s 30% DIESEL (INJECTED) +

70% PETROL (CARBURETTED)
Injection Advance = 20981C
Intake Pressure = itmospheric
Oscilloscope Sengitivity = 100 mv/cm
Amplifier Sensitivity = 0.2 mv/peb.

6-4

FURL s 80% DINSBL (INJRCTED) +

50f TTHTR (CARBURETTED)
Injection Advance = 2098TC
Inteke Progsure = Atmospheric
Oscilloscope Sensitivity = 100 mv/em.
Amplifier Sensitivity = 0.2 av/peb.

R-3

PEIROL (IRJECTED) @ 20 ce/180 secs. +
ETHER (CARBURETTED) @ 20 ce/180 secs,
ion Advance = 15°81C

Pressure = Atmospheric

pscope Sensitivity = 100 mv/em.

Ller Sensitivity = 0.2 mv/pcb,




Complete Seteup - Fngine Running and
Camera Fltted on the Oscilloscope

Variocus Components of the Compliete
Set~up from & vistancs

Outside Detail of the Engine Fitted with
Carburetter and Megnetic Pick-up Arrangement
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