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RbGULARITIAS OBSKRVAD IN MIXTURES OF LIQUID

FUEL DURING IGNITIQN

V. I. Blinov

1. The ignition temperature of & liquid is the lowest temperature for this
liquid at which the emergent flawme will not be extinguished,
we shoved (1) that in the case of the ignition of individual 1iquids in a
cylindricel tube
p=pe(l — e, (1)
where p is the saturated-vapor pressure at ignition temperature; po is the atmospheric
pressure; b is the distance of the surface of the liquid from the edge of the tube;

b=75-10 MR/p DT D, 18 the diffusivity of vapor at 0%; T, is the ignition

i
temperature in °K; 8 is the number of moles of oxygen required for the combustion
of one mole of vapor; Mo is the number of moles of oxygen entering the flame in 1
sec; R is the universal gas constant,

P, G. Ipatov showed [2] that relation (1) holds true for binary mixtures of

liquids if we put

Do=Dyi--Di: 5=F, R ¢ ."'2’2, (2)
where yl and ¥p ere the mole fractions in the vapor phess of the mixture ccmponents,
P. G. Ipatov found the empirical dependences of the ignition tempersturs on the

composition of idesl and nonideal binary mixtures of liquid, but did nct explain
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"which do not greatly differ, we may essume that

these _dependencos. In this paper, we atteupt to explain the dbasic regularities in

the variation of the ignition temperature with variation in the composition of

mixtures of liquid fuels,

2, It follows from (1) that the ignition temperature of a specific liquid anmd
of mixtures of liquids is ejual to the temperature at which the saturated vapor
pressure p is equal to l—exp (=bh),

Since the value of Mo may be considered the seme for various meterials, given an

invarieble radius of the tube eand an invariable concentration of oxygen in the

atuosphere, when P, = eonst for mixtures of liquids, the ignition temperatures of

[10 =] 7'6'1 l‘i\’loR/"[)o'ri = ean .,

then

Ty (3)

It Dae changes slightly with a change in the composition of the miitures, then
at the given value of. B for a mixture of the given two components p"oonst. In this
case the dependence of the ignition temperature 01(°c) on the composition of the
1iquid and the vapor phase is grephically represented by curves which coincide with
the curves which give the relation between the boiling temperature Gb end the came
position of the phases at constant pressure, determined by relation (1),

It is clear that the curves e!Lo‘(x) and Oi(y)' vhen b is veriable will differ
from Ob(x) and Ob(y) at constant pressure, but the character of the curves 01 and
ob will be the same. Thus, in the case of Donideal mixtures, with a maximum on
the pressure curve there should be a minimum on curves 01(1) end ot(y), while the
ignition 'tomponturo of the mixtures is lower than the ignition temperature of the

sdxture components, These curves were obtained by P, G. Ipatov iz @ study of the

¢ x and y are the mole fractions of & component in solution and irn the vepor
phase,
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following mixturest ethanol + benzene (see Fig. 1), ethancl + toluens, methanol +
+ benzens,
For mixtures wvith s minimum on the
pressure curves, the depsndence of 0‘

on  and Y should be represented by curves

with mexima., The addition of one com=

ponent to suother in this case should lead
to the formation of mixtures, the ignition
temperatures of which are higher then
Fig. 1. The dependence of the
ignition temperature on the come 01 of the pure components, The minime
position of mixtures of ethanol
and benzene, and maxims on the ignition curves should
correspond to the szeotropic mesasures,
In those cases where the mixtures are ideal or close to ideal, the dependences
0‘(x) and .Oi(y) should be represented by monotonic curves close to the correspond ing
boiling curves, which is also confirmed in the work of Ipatov (al.

In the work of Ipatov [2] it was found that for ideal mixtures of toluene and

benzens, oi(y) is represented by s straight line. This is easy to explain in the

following way. For ideal mixtures

é

.:‘1 —_ |)y B

P = ot (P — Pig) Xas X0

sk S=, (4)

where p1° and p20 are the saturated vapor pressuresof thé pure components at the

ignition temperature of the mixture; x, and Vs are the mole fractions of the second
component in the solution and in the vapor phase,

If the value of b for the given mixtures changes only slightly wben x, changes and
Af b is constant, the pressure [ will be constant for all practical purposes; let

us designate this value of p es p'. Then frew (4) we find that

o' p=p (1 (a'=1)y,l. (5)

FID-TT-62-103T/1+2+4 o3e




Let us now designate the ignition temperatures of the mixture and of the second

component as 'rn and T2 measured in °K. Let 'l'.'m--'l‘2 = 0 and o/‘l‘2 << ], Now we may

| assube that

|

Since the saturated vapor pressure is determined by the relation p = ae ’

) where Q is the molar heat of vaporization

: 'Q9]= (6)

= e = L
Pu=a exp( = o L) “e“p[_ RT, = RTS

Q
&=a ————-—9 = = 9
””e‘p(zerz ) ( an )

vhere Py is the saturated vapor pressure of the second eoé.ponont of the mixture at

ignition temperature '1‘2.

Since the value of q' changéa slightly with temperature, it follows from (5) end

(6) that
e=T-—T,=0.— dg = a, -+ Goife.

where U and a_ are constant; ‘n and Ozlro the ignition temperatures of the mixture

2

and the seco.d component,
Teking into considerstion the fact that 9 = 02 when y, = 1 end 3, = 01 (0l is
the ignition tempersture of the first camponent), when y, =0, we will bave
= — (¥ — ¥y (1)
Relation (7) egrees with the empirical formula found by P. G, Ipatov,
3. The lowest temperature of & liquid at which its vepor formwith air a
mixture which ignites in the presence of am ignition source is called the flash-
. point of e liquid, The flashepoint On is closely related to the low
concentration limit of the ignition of s mixture of vapor and air, This relation

may be deterzined in the following way, The ignition limit
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where V' and V. are the volumes and Py and p, Wre the partisl pressures of vapor and
air io a mixture. Since Py * Py 2P, when b, * 760 mm
p=176 Ik (8)

Evidently, in formula (8) R equals the saturated vapor pressure at the flash point,

J"l . Since the flash point i8
[
\- — . o close to the ignition temperature, we mey
i“\""‘\:;-:,_h use the above relations for the determina-

L — T e

tion of the limit of k, From (1) end (3)

wben f is constant and the value of bj is

| " ) small ‘

8 “d

J p = pobh = AlDg3. (9)
Fig., 2. Dependence of the igniticn
limit on the Composition of the Bearing in mind the fact that the values of

mixtures: 1, 2, and 3 are the ‘

results of tests (5] for mixtures, p in relatiocns (8) and (9) are similar, we
respectively, of benzene with

toluene, ethanol with Lenzene, and may write

acetone with benzene. The solid

lines were celculated from formula # = B/Dg, B=consl. (10)
(10)e The valus of 4 is taken as
the sane for all mixturcs; the It can be seen from Fig. 2 that formuls

value D_.was celculated from for=

mla (2?. pere the mole fractions (10) satisfactorily describes the given
of benzene in the vapor phase.

data, '

In conclusion, it should be noted that the ignition limit of mixtures is frequently .

determined b, the Le Chitelier primnciple. This prineiple,which 13 an application of

the displecement principle to mixtures of liquid fuels, gives results cloge te those

of the tests in & number of cases. If we use it, we would need six empiriecal coge

stants for the given deta in Fig. 2, while when we use relation (10) we need only

one eonstant determined from experiment,
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