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1NCREASING ™EE RATE OF COMBUSTION BY INTAODUCING AM Ilﬁh‘l‘ ADMIXTURE
by
H. B, B;lkhnsn
{(Presented by the Academician v. ili. Xondrat '_yev. February 10_. 1962)
1. I.et.uu consider & system in v;hich. the comb'ulatioI; procéeds in a tinouc

B

mode of operation, but the heat emhsion is ccncentrated in one narrow :onc.
i

For the rate of combuntion of mch synemc the lollowing expreuion (1) will

be valid . .7 .-ﬂ:-:;“. T ‘ m~l/,'°u-n ume
- .' B . | L} (1)

where m (é/‘cm? . .s;c) is the .mau rate of compu.stion: _Nom (c:al/tm3 * sec) .
is t-he réi;e of the volumetric heat eh‘i‘s‘aibnj‘at T::’ T m“": q(.ea‘llg)jl the
heat of the reaction. | I o X

From (1) it follows that 1n steady equal conditions the mass rate of
combuetion increases witkh the reduction in the hut of the combustion. The
sense of this result proves to be trifvial if g cranges excluoively on account
of the introduction of an inert adirixture, i. e., an admixture which does not
react with the original system and do;| ngt have a catalytic action, It 1
unnecessary, furthermore, to remark {kmt at least in the case of the addition
of s0l4d particles, there probadly do not exist completely inert admixtures.
In this sense the concept of inert ad.mieture proves to be only a limit case
to which the real admixtures may onl; to some degree or other be approximated.

Let us mark with a prime the val'_ues relating to the system with inert
admixture, TFor the heat of the comlﬁntion ver grum of mixture with admix-

|
ture one muy write

7 ={—bqe (2)
vhere & 1s the weight fraction of the adnixture and Qo = const ig the heat of
the combustion of the active (unadulterated) substance. The rate of the

enission of reat in a unit of volume of the flow we will write in the form

ST mpel
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‘Qunc = qo‘m-?'wnug c_nree—n LI (”

i

vhere g, «nd @'y, . &re taken per ;ra'.n of active sudbstance.

.By disregarding anc B we get from (1) — (3):

1 /’“"unc R (T;iuc)‘ )
' m 1—¢ ]/ Qe E * )
In (4, the increase in »' in provortion to the decrease in the heat of

combustion is described by the multi;élier 1/( —& ) vhich gives the top 1limit
of the possible increase. of m' for dcjé:iuﬁi of the introduction of an inert
admixture (thus, with £ = 0.15 n' at the limit can increase by 1.175 times,
at £ = 0.20 by 1.43 times, etc.). ;

HBaving divided m' from (4) by m.! where m relates to the initial system

- . ! g r:uxc Pusxc
(E o’ l = 20) we'ill ‘et 'm‘;l-~ ‘_E T)uxc wlll‘ﬂ : (5)

Bei‘e with the increase in ¥ the multiplier 1/(1 — £ ) has an effect in the

direction of increasiném'/m, while the lowering of P'y. cc/T e e0d 8, /Opare
influences in the direction of decreasing m'/m. The resulting value of m'/am
in the case of introducing an inert ;uixmrc can be smaller or greater

than unity but not greater than 1/1 f—g); The sense of the multiplier

1/(1 — &) in the right side of (&) énd (5) becomes clear if one presents

m' in the i%rm of the sum of the flc;w of the unadulterated substance and

!
the flow of the inert admixtures .

Tt (= b, (@

Yor mass rute of combustion computed per gram of unadulterated sub-

stance we obtain

-.n'uv s(le=fHM~ ‘/ %%ne R(Typne) . (7)

1. e., m'___ can only decrease with the increase inf, but nlat/n s al-

axt
ways lees than unity. In this way the member 1/(1 —£) represents an in-

crease in the mass flow for account of mixing in of mess of the inert

substance. e e !

[ TN
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2. The form of the multiplier w'mm/w on the right side of (5) de-

makc

rends on vhether the inert admixture consists of gas or solid particles. Ve
will be interested only in the latteﬁ case. .In this case the partiul pres-
sure of the active gas is equal to the full pressure, but part of the volume

of the flow V', 1s occupied by mrtides. Hence

e[ )] ()

wvhere ordinarily 1 — VY &1,
In the case of admixture of 'eoli:d":partfél'éi“with_ 'lltﬂe__heat capacity
(especially such a'l"fl‘a.‘v. Re, etc.) 1t 1g very eagy to go'v_e'ry close to

the limit value . m e R o
‘ \ I R )

Ngt..urally. the given particles ('nl, indeed, the most soli_d particles)
in the experiment can.turn out to be :not compl‘etely inért with relation to
the system selected. In thia case tlhe exverimental value of m'/m will Dbe
doterrgined by the joint influence of dilution. catalytic effect of the par~
‘ticleg (vositive or negative) and the reaction of the part-ig:les with the in-
itial system. cdrrespondingly the efxperimental value of m'/ui does no't have
to be close to 1/(1 —§). L

i
3. It is of interest also to consider the relationshiv of the linesr

o Initisl system System with admix-
without particles ture of particles
condensed| gas - two-vhese
phase (k-| phsse| phase | flow

phase) :
Deneity of gasified g
components p
Density of particles P Pras P i
_— - Py Py
Average density ) N N » o
Linear rate of combustion e jhid ;’(1 )
Volumetric share particles “ v ‘ v
Shere of area of trans- = - . .
verse section occupied - - S, s,
by varticles ,
e
STLF MERE
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rates of combustion (relative to the condensed vhase) for the case where
the s0lid particles adulterate the condensed system components of which
are then gasiﬁe& {before the beginning of th. eaction),
Let us introduce the symdols sht;wn at the bottom of the vreceding page.
For brevity we consider the case only of quite smull varticles the speed
and temperature of which in any section of the flow are equal to the speed

and temperature of the gas. ' In this case one may write

S e e T he=Si=SE, ] (10)

vhere ordinarily u'<€ v' and correspondingly Vi, = S',<Z1. Tor fine var-
an
ticles their weight share in the k-phage A in the two-phase flow is the

same. Besldes, we vgn make use of the relationships (valid for particles
. : ‘ ! . A :
of any sise): . C e -8
| ’ ,E A M
o P
! _V.=3-=—;:-z- (12)

ofaving det&imined the mass rate ‘& the combustion as m' = Pcph’ and
m = pu we will get for the ratio of the linear rates of corbustion of the

syatem with admixture of s0lid varticles and without admixture the follow-

o ‘o RTAG T:llt 1=
ing expression: %T%%§(l+—&1)(lfV.) ”(-i.-i:) —

; 5 . (~13)“
in this exvressior the first multiplier A= 1 + _E__ -P—. which in-
1 —E 64
creases together withg glves the top limit for u'/u, In thie case A can
change formally within arbitarily wide limits through the change in eley.
However, comvutation shows that the value u'/u for the completely inert
particles ordinsrily turns cut to be less than unity and only in rare cases

slightly exceed it,

The presence of the multiplier A= 1 4- TQT -g— in (13) 1s connected
—& fy

with the epecific two-phase flow. Actually, if for the single-phase flow

(system without particles) the preservation of the flow of the

- [ S0 N -t e o m -

e
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»ass 1s written in the form ! , .
. : PU = Upal, (14)

“then for the tvo-nhno flow (1n the ny-tan with admixture of .ona particles)
ve hnvo ; pu’ = Opayt’ r—s' (15)

bt 4 v = v' then from (15), (14), (12) and (11) there follows:

1 ' € Py’

i. e., with identical rate of combustion relative to the gas the ratio

n'lu would 1mediatoly equal A.
Sl OF TITUE

The sense of the difference between (14) and (15) consiests in the fact

e

"that in the k—nhase ﬁne mrticles occupy a greater vart of the uection
 then 1n the two-uhase flow (sq>s .‘). 1. e.. the gasification ie accompanied
by an exnansion of t.he.ga- l‘n.terally.‘ Corrnnondingly with v' = v one uhmld.

have u'=>u. ' o !

1 expren ny thankn to A. I, Bely&yev. 0. 1. Leypunskiy. A. G, I-trntov.
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Y. B. Librovich and 3. V. novoshuov for their dhcuuion of tho‘ork.
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