(¢c) The reaction mechanism in the ignition

process.

. The spontaneous combustion of pure hydro-
carbons by adiabatic compression was studied by
Jost and reported in BIOS Final Report No.532.

For such reactions he obtained pressure-time
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traces of the type shown in Fig. 3. In his con-

siderations of such a curve, Jost assumed that
very little chemical change occurred, and so the
increase in the number of molecules in the sys-
tem was slight. Thus the value of the absolute
temperature cou;Ld be' calculated from the
pressure, and dp/, dt taken as a measure of the
rate of temperature rise dT/dt. The first delay
period could be approximately represented by an
exporential temperature function. Assuming the
action during this delay period to be purely

' thermal, the rate of heating would be given by

the equation

dT/at = ceEB/RT cecssssesecse(ll)

Jost calculated 97/at for aifferent velues of t
from an experimental curve, amd so 6btained va-
lues for ten ol = tan 9%/at. Consecutive values
. of tanel did not, however, bear the same rela-
tion to each other as the corresponding values
of eE/RT, when a reasonable value of E was
used. Thus he cdncludad that in the first in-
duction period a chain, and not a .thermal re-
action was proceeding. He also concluded that
the rate of change of reaction velocity with
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teniperature A in ‘the region c-a Was™Té¥r-tovo—great
to be accounted for by a thermal mechanism. For

the evaluation of the second dela,y period, de-
velopment of the tme _val{J.e of the rate of the
primary réaction and use of the hypothetical

final level for this reaction enabled the dotted
curve for the second part of the primary reactin
to be drawn in Fig. 4. Thus, two possibilities , |
.arise : - 7

' (I) Accepting the analysis which alloired the

second part of the primary reaction to be drun

‘in Fig. 4 resulted, as suggested by the asnna—
txie S-form of the primary reaction curve, in the
“Mclueiox‘x that chain breaking occux;rﬁ at the

end of the primary chain 'reaction. Partly over- |
lapping this was a secondary reaction which

could have been of a thermal nature, although

Jost -favoured the concept of & chain messenisa.
(1I1) Othprwiée, & reaction velocity with nega-.

- tive temperature coefficient, becoming zero at

the point of inflexion, was indicated by the

course of the pressure rise. This reactlion,

whiﬂh wmild follow on the primary reaction dnm-
Gm after the veiooity-maximm (first podmt ~ _
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of inflexion), was considered by Jost to be
unlikely. - | o
BIOS Final Report No. 532, referring to an

interrogation‘of F.A.F. Schmidt, gives a diagram

of a preseure-time plot obtained by him in an
adiabatic compression apparatue. In this diagram
the appearance of two separate delay periods is
not" evident but in the delay period that does

appear, there ooours:a slight pressure rise

corresgonding to a temperature increase. This is

feuggested'as the reeult'of“eiothermio reactions
of both the thermal and chain types proceeding
during the delay period. The fact that when
evaluating the delay periods by an equation of
type (3) the value of "n" generally lay between

1 end 2 was thought to indicate that several re-

actions were prooeeding simultaneously.

Further evidence for occurrence of chain
reaotione in the ignition prooees was furniehed
by Zeise ER who evaluated some reeuits'obtained
in an adiabatic compression apparatus on the ba-
sis of his previously mentioned subdivision of
the ignition delay into a slow prereaotion pe-
riod-followed by the true ignition reaction.

>




‘ ‘
.h , .

)

A .




¥ Y Ve
” I/

[1]
SRR
» l -
» / ;

1 k| 4

44 ;
4 Fi ¥ # 2 7 S -

Lot
Fie. S. -

.- Unsatz = TRARLFORMATION
Qaau-nonsc.-e&\\mm\exar\‘ 2
Tzt = g {2

QeacTion  VEsoQTY

- 4
.‘—"




L ‘i
il ke,

.26
~ _The slow prereaction period gawe ‘a linear log U
ve /0 grapn, the gradient of which gave acti-

vation energies of the order of those found in

- the kinetics of reactions with free radicals.

'c.: The Mechanisn of E:nioaive Gas Reactiems.

In the reaction theory of N. Semenoff, the
criterion of an infinite reaction speed for ex-

’plosive conditions in a chain branching reaction

leads to the conclusion that both branching and
breaking must be first order reactions. The
assumptions, however, of a stationary condition
and qonstant branching probability used as a ba-
sis for Semenoff's calculations do not corres-
pond to conditions in practice. i
Eufflihg 46! therefore, considbred the ge-

- neral differential equation fdr the time change

of concentration of chain oarriers
do \ £(c) . (12)
R"o'fk“oic" (c) e0csssssoe

in which the speed of chain branching is pro-
portional to the concentration of the starting
material and that of the chain carriers. Using

as a basis equation (12) and the equation

- %% = kl cic _oooooooooooooooooooo(13)
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he investigated the time factors of theoretical

reactions having chain breaking of the first

second and'simultaneots £irst and second order.

i.e. £ (c) a_ac,....................(14)

2 (e) = 1(0)2 eeeeiiiaiieeeneaa(15)

£ (c) =8ac +b(c)2 cereeernnns.(16)
Calculated transformation-time curves and re-

action velooity—time curves for first order

breaking are shown in Figs. 5 and 6, respective-

- 1y.
The differently shaped curves were obtained

from different values of kg, the velocity con-
stant of the chain breaking reaction. Similarly
celculated curves for second order breaking are
shown in Figs. 7 and 8, and are of a type that
had been frequently observed in oxidation re-
actions, (e.g. Fahlbusch loc. cit;), although
an explanation was previously lacking. Thus,

from the experimental curves, it appears

’possible to make & conclu51on as to the order

of the dhain breaking reaction. From the cal-
culations with first and second order chain -
breaking processes, making certain assumptionp
about the pressure influence on the different

chain breaking processes, an explosion limit
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curve was calculated with the upper aﬁd lower .
limits typical of a chain explosion. |

Mnffling considered that it was difficult
to determine if explosion occurred with strictly
or almost isothermal transformations, end it was
vtheréfare best to use the term 'explosioﬁ' only -
when transition into heat exﬁloéion occurred.,
" Bxplosion ls usually taken to mean the complete
consumption of the reactants in a veryv short time,
but in first order breaking reactions 100 %
transformation onl& occurs if there is no chain
‘bresking; since, as seen in Fig. 5, the transfor-
mation’ depends on the ratio kyoy.: kg This diffi-
‘culty does ﬁof occur in reactions involving
 second order chain bresking since these re-
actions néver gquite come to a standstill. The
velocities reached are of the éame order as in
' reactions with first order bresking, and are
often sﬁfficiehtly higﬁ for the procésses to be
considered as explosions, particula:ly as where
second order chain breeking occurs cenditions

favour a thermal ezplosion.




D.) Flames.
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Hubner and Klaukens ‘derived an in-
direct method for determining the true thick-
ness of the luminous zone of the inner conevof
a bunsen burner fleme, from the measurement.of
the intensity distribution of a photograph of
the flame. The zone width observed depends upon
the radial distribution of luminous intemsity in
the flame, and although the distribqtion of lu-
minous intensity in a photograph is not the
same as this true radisl distribution it was
shown to depend-upon it.
Statidnary'flames.and.gxplosions at low
pressureé were studied 27 using acetylene--
axyggn; acetylene-argon-oxygen, acetylene-air,
propane—air,_pentape-air and benzene-air mix-
tures. Both forms of combustion could be obtained
down to the préssure limita'impcsed by the ex-
pefimental equipment (3 - 4 mm Hg for acetylene‘
mixtures). Tube diameter and'gas‘flow had fo be

increased, however, as the pressure was lowered.

The limiting piessﬁre for stationéry flemes va-

ried inversely with the tube diameter.




30 -

At very low pressures the thickness and vo-
lume of the luminous cone of the flame were re-
ported to be considerably increased. Sander
however, considers that the volume and thickness
only appear to increase because of oscillations

of the flame.

Spectroscopic invqstigations have been made .

on the flames-nhich originate from the reaction
of atomic oxygen with acatylene or methyl alcp-‘
ol 22, With methanol it was found that the hy-
droxyl groups alreadj present in the aicohol |
played no part whatsoever in the hydroxyl
emission spectrum. With the acetylene flame, the
weak bands occurring between 3000 and 4000 A,
which von Vaidya had attributed to the HCO ra-
dical, were investigated. The emission spect;um_
of C,D, #as also studied, wheréby it could be
ascertained that the band carrier contained
hydrogen.

These "hydrocafbon flame bandé" were alsn
‘reported 32't0'hgve been qnife_clearlj observed
in the emission spectrum of the flame in a die-
‘sel engine..In a spnrk ignifipn engine Zeise 92
obéerved that in the decrease nf intensity of
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the OH bands at 3064 A when kmock occurred, only
part of the fine structure (rétational lines)
near the band head disappeared. The intensity
of the lines further away from the band head was
not decreased so much. This phenomenon was
attributed to an induced predissociation of hy-
droxyl‘radicals by collision, a process which
wduld be of importance in furnishing chain
carriers for preflame reactions.
Further_information on the reactions
occuriing_ih}flames'is given in BIOS Final Re-
port No. 532. In diffusion flames of rich mix- |
tures of hydrocarbons burning in air, cracking
occurs with the formation of carbon pa:ticles,
and the location of the cracking zone depends
on the stability of the hydrocarbon. Thus ben-
zene breaks down on approaching the flame front
and the carbon éggregates do not penetrate thg
front but are carriédbupwards and discharged
from the tip of the flame. Acetylene, being more
thermally sfable, is partially decomposed in the
burning zone, and the carbon, having & relative-
ly slow burning rate is, fér the most part, dis-

charged from the outer boundary of the flame.
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Formation of hydrogen in the cracking process
results in flame disturbance. At very high flame
températures, of the order of 8000°C, dissocia- -
tion of,fuels.ia reported %06 to cause the for-
mation of NO and CO instead of water and carbon
dioxide, as in combustion at lower temperatures.

The effect of turbulence on the ignition
velocity of a coal gas-air mixture has been in-
vestigated in véffical and horiéontal tubes 76.
Using spark ignition, the flame velocity in the
direction opposite to that of the gas flow was
;méasu:ed by iénisatiop gaps. Both with in-
~oreas:l_.n'g-fre-sh gas ‘velocity and tube diameter
the ignitionlvelbcity increased, but not as an
ezplicit function of the Reynblds' number. The
ignition velocity, howevei, ﬁas affected by |
the flow conditions inside the tube. From the
experimental results two equations were de-
rived for the ignition ﬁélocity, - one for
‘laminar and the other for turbulemt flow.

Laminar flow 2z = (32.5 D + 2.375)v -489

.0..0......00...(1})
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Turbulent flow z = (42.1 D + 1.963)v «595

Ceeesssecsaseaness(18)

Turbulence cannot be characterised by one
quantity; and Damkohler 2 attributes the diffe-
ring influence of turbulence on flame speed to
the size of the turbulence eddy (equivalent to
the Prandtl mixture path) relative to the lami-
nar flame thickness. Eddies are classified as
coarse or fine, depending on whether they are
greater or less than the flame thickness.

Flame velocity was shown 3 to increase con-
siderably with the onset of fine spherical tur-
bulence, and to result in distribution of the

-fleame front over & wider zone, so increasing the

burnipg_rate.

Using propane-sir mixtures E. Schmidt et.
al. 60 studied the influeénce of turbulent move-
ment of gases on their combustion rate. Flame
and Schlieren photographs were taken of the com-
bustion iﬁsiqé a long steel tube fitted with
gless windows. With the combustion tube closed
at ohe end,.the flame velocity when the gas mix-
ture was ignited at either #he closed,brvépen

end was found to be alt ered by vibrations and

turbulent motion.of the gas inside the tube.




34
When the eombﬁetion tube was closed at both ends,
hoﬁever, ignition of the propane—eir mixture at
one end of'theAtpbe gave a flame, the velocity
of which was malnly influenced by pressure and

temperature changes.




