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B). Ignition Delay

Extensive lsboratory experiménts have been
pado on the self ignition ofvhydrooaxbons be- -
csuse of its importance in relation to kmock in
the spark ignition engine and the ignition re-v
actions in the diesel engine. 4 number of types
of adiabatic compression apparatus, giving rapid
compreasion of the gas mixtures, have been used
to obtein the ignition delay with the eliminatim,
as far ss possible, of ite thermal predecessors.
The end of the ignition dél;y period has been
determined either by the first appearance of
'lumiﬁosity or by the onset of rapid pfessure
rise. F.A.F. Schmidt ©'has pointed out that scme
of the diversity in the result probably afises«
from thié use of different methods of meaéure—
ment, particularly where pressure is relatively
low with long delay in ignition and slow burning
in the initial stages without any violent press-
ure rise. It has been songht,by,Zeise gl,to make
a distinction in the ignition delay between the
slow initial reaction process anﬂ the subsequent

spontaneous ignition.
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(a) Factors :Inrluencing ign:!.tion delay, in
_MMW
From measurements made in an adiabatic com-
.pressilon apparatus, the variation of igmition de-
lay with changes in mixture strength and pressure
was thought by" Jost, B&gener:a_nd iveb,or 29 to be
solely an indirect effect caused by variations
in tenpe:ra.fure produced by these changes. Re-
sults cbtained by F.A.P. Schmidt 57, both in a
bomb And in an adiabatic compressien apparatus,:
:I.ndicatod in agreement with deductions made frém
ongi.ne tosta, that in the ‘temperature and |
prumo rango oomu'ring in the engine there is
a marked direct pressure effect. Evaluation of
the ignition deley results wes cbtained, for a
limited temperature and pressure range, by the

equation .
b/ i
. =LP—;T.—‘ . ‘.-.-oo"ooo..ooo'(3)
this equation being an. altered form of the ex-
pression
K ERT :
1' - P\ 0........‘....(»4)'“

- Much axperinental evidqnoo was cited by.Zeise 9]j
to show that the reaction nochanisn 1n ignition
Processes depends both on the temperature anl
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pressure range involved. Zeise concluded that it

is impossible to cover the whole temperature and

pressure range for a given fuel with the seme
valués of E and n. The reaction mechanism will
vary from range to rangeAvith £ and n, this

veriation having a general character of which

-~

two limiting cases &are

< - con::mt erveeneeenna(5)
‘C :AQE/RT . “o,o'oqo,oooo_ooﬁ'(G).‘

Frbm.theoretical considerations Zeise showed
that a pressure effect would be expected in
certain regions. Thus if 4he activation energy,
at an assumed constant pressure of a reversible
chemical progess in ignition, is replaced by
tﬁe variation of the free energy, equation (6)

leads to
~C BKzebG/RT ooooeoe"oooo‘o(sa)

The free emergy change, however, is dependent on-
the pressure since, for example, with an ideal
monatomic gas as reactant : .

- g% - £°
4——-:!»—‘-5--7.267-%31& gRlnE

: ) "'Ranj +Rlnpooooooo(7)
Often, also, in ignition prooesses the energy is
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distributed on more than two quadratic terms i.e.
V> 2. So to determine the real activation energy
the modified Arrhenius equation

dlnk E - (1/2{ - l) RT‘_......... 8
5 Ry e (8)

mist be used. The apparent astivation energy,
which would be obtained from :I.gnition delay
measurements if the simple Arthenius equation
were valid, :I.s related to the real aotiva.tioﬂ
 energy as in the equation |
E=E  + (1/2v - 1) RT corcisenseas(9)
- Thus ia:;ious values of E can bé obta:l_.ned'from ;
‘one value of E,, according to the temperature
and number of degrees of freedom involved. The .
latter will depend on temperature, pressure, and
prevailing reaction mechanism. ‘

Ignition delay tests made in a bomd by
Lonn 42 showed that with nitrogen-oxygen mixtures
it was primarily the oxygen partial préssm:e that
determined the delay. He also showed that the
effeoct of the addition of lead totraéthyl was to
inorease the delay, the effect being relatively
greater at low pressures. F.A.F. Schmidt 63
using a compression apparatus showed that
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ignition delay is increesed by the addition of
tetraethyl lead, although the main properties of

a fuel as regards the pressure and tenperatur‘e
effect on the process remain unchanged.

' (b) The delay in ignition of fuel sprays.

The commencement of combustion of fuel
lprgyi- was thoorot:l.ca.lly considered by Drey-
-hmpt 10, who based his considerations oﬁ a ty-
pical individual fuel droplet.

Initia.lly, the mel droplet being brorught
into the hot air in a short finite time will bo
~ surrounded by very 1little. vapour. '_.Ehu-, as shown
in ocurve (1) of Fig. 2, there will be a steep
rise in temperature with increasing distance
- from the droplet surface.

' Later the temperature course flattens out
" because of upauri-ation from the lnrfwo of the
droplet, see curves (II) and (III).

Curve (Ia) represents the temperatures
necessary :tor ignition of the fuol air n:l.x'lmro
under the i.nitia.l conditions shown in ourve (I).
Similarly, ourves (IIa) and (I11a) corrupoml to
conditimv in the __lat.r stages, as shown :I.n_ DU
‘urves (II) snd (III). It is not until the third
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stage, that the fuel vapour temperature
curve (III) touches the ignition temperature
curve (IIIa) and ignition ensues. Thus a slight-
ly higher temperature is heeded for ignition of

the fuel droplet than that required for ignition

of the most iénitable‘mixture.

Progressive combustion of the fuel droplet

depends on diffusion processes for the supply of.

oxygen. Heating, evaporation and diffusion of
%he residual droplet is accelerated by the re-
lesse of reaction heat from the ignition zoné.
Dreyhaupt givés‘mathematioal and graphical ways -
of obtainihé the heat required by any fuel drop-
let for any interval of time up to the actual
ignition of the droplet. These consideratiéns
allow for the variafion in mixture strength at
different distances fromthe‘droplét surface,
and also for the gradual reduction in droplet
8ize gs evaporafion occurs. Lack of data dn
' fuel properties and engine conditions, how-
éver; makes the results only qualitatively
accurate. o ; | .

An ihferesting conclusion from these con-

siderations of the initiation of cumbugtion of

| 2
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& fuel droplet is that if the individual fuel

droplets in a spray are too small, ignition will
not occur. The droplets will have completely
evaporated before reaching the ignition tem-
perature. Referring to Fig. 2, vapourisation
will be complete and the vapour concentration:
at the former positioﬁ.of the residual fuel
droplet surface will start to decrease before -
the fuel vapour temperature curve touches the
ignitidn temperature curve, The decrease in va-
pour concentration will result in a reversal of
the movement of the‘ignition temperature curve,
so meking ignition impossible.
" The suthor shows that very large drops in
the centre of a fuel spray may have insufficient~,;
air to support combustion; and, in the centre of>_'
a spray, the mass of oil in relation to the mass
of air may be such that the drops are cooled so .
as to be.non-ignitgble.

The fuel spray envelope must contain somse
droplets of molecular dimensions, neverthelese
the ignition delay—?ime is of a much greater or-
der of magnitude than the impect time for the

tﬁol molecules. It therefore appears that a
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certain droplet size is necess‘afy for ignition.

' ‘- The ignition and combustioni of fuels in-
jcc‘_ted into a bomb were studied by Blume 1 by
means of high speed photography and 'pressuro
measurements. Using gas oil, injected through
commercial noﬂlgs, ignition delays of approxi-
mately 2 x 107> seconds were obtained st tempe-
- Tatures of 500°C and pressures of 35 atu.(
. Photographs showed that only a small proportion
of the fuel spray had evaporated at the moment
of ignition., Using a flat-seated nogzle, ig-
nition occurred nearer the nogzle, and the de-
lay pér:lod was shorter because of the better
nixture tomtion. The combustion speed was cal-
'cnlated from the obsexrved pressure rise in tho ‘

~ bomb, and the duration of the ignition doluy was.

:toun_d’markedly to affect the course of com-
bustion. As ignition delay decreased, the maxi-
mum pressure attained also decreased and the
combustion speed became more even over the en-
Afir'e ocombustion period, A;x inc;oue of the air
taﬁpei‘ature Teduced the: ignition delay but in-
cressed the total éonhustion'tine.,rhia was
‘attributed to poor mixture formation in the

o~
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1ater etages-of combustion because of insufficient
turbulence in the bomb.

The effect of fuel sprays strlklng the walls

- was also studied. Gasollne was reflected from-

the wall surface. This was attrlbuted +to the
'gaSOIine being in the form of a lmquld,rod or strean
in consequence of the low air densities empldyed. |
Diesel fuel dlffered, since ‘atomisation gave a '

spray behaving more nearly like a saturated vapour.
This spray maintained .its form after colllslon with
the wall and travelled parallel to the wall sur-ace

instead of being reflected. v Dlesel fuel thus

Aonly reached the wall in special cerumstances,

and could be completely prevented from doing so by
maintaining tﬁe wall‘temperature above 55000.

" A Jet strlking the wall had a smaller

»lgnltlon delay than a non-strlklng jet. The-

7 1gn1t10n delay for a strlklng jet decreased with

increase of wall temperature, until at about

700 °¢ the delay was approxlmately half that of
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& non-striking jet. The total combustion time
for a striking jet incressed with increasing
wall temperature and was about'}O-%»gieater
then that of a non-striking jet. This resulted
from the striking jet being umable to expend
on. the wall side v
Mention should here be made of another se-

30 made in bombs shaped

ries of experiments
like combustion chambers. The purpose of the
experiments was to clarify the factdrs affect-
ing heaf losses in engines. The fact that the
heat loss up to the pressure.maximumﬂoccurriﬁg
after ignition decreased with increasing initial
bomb pressure emphasised the the:modynamic ad-
vantage of supercharging internal §ombustion
engines. Consideration of the relationships of
pressure and temperature after completioﬁ pf

reaction resulted, for the heat transfer co-

efficient in the empirical formgla
0.
Ugl4 ﬂ\ ( ) ocoooooooco(lO)

This differed considerably from an earlier re-
lationship derived by Nusselt. The heat loases
in small bombs were found to be very great, and

it was concluded'that it is advantageous to build
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an engine with a few large cylinders rather tham
with many small ones.

Experiments have been reported 49 whichA
were made to investigate the theory that the
eﬁergy losses in a knocking engine are due to
the greatly increased heat"transfer coefficient
of the fuel/hir miiture and exhaust gases under
these cpnditions.,In these experiments - propane-
alr mixtures in avcylinder‘weré fapidly com-
pressed by means of a.piston. The gas mixtures

' were'then suddenly‘releaséd into a combustion

chamber and' ignited while in the turbulent state.
Flame photographs and pressure measu;ements were
takeﬁ. The calculeted heat transfér_coefficient
for combustion with violent oscillation was some-
times as much as 20 times greater than that for
combustion with demped oscillation. Thus abnor-
mal heat losses do occur during knock.



