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The calculation of the procwsses taking place in ramjet com-
bustors is a complex problenm.

Both here ([5] and [7]) and abroad ([1], [12], and [13])
attempts have been made to develop such a calculation method. .

Usually, the pesition of the flame, the pressure drop, and the
change in completeness of combustion along a combustor with & flame
propagating from a point-ignition source are determined. In a num-
ber of works (e.g., [T]), this problem is worked out for a flame
front of finite width.

The most preclse mathematical solution has been cbtained by
A. V. Talantov, who worked out the problem by introducing, as did
other authors, a number of simplifications (a homogeneous mixture,
point-ignition source, constant parameters of turbulence across and
along the combustor, etc.). However, these simplifications do not
make 1t possible completely to overcome the following difficulties.

(1) Ciosing the system of basic equations, which is neces-
sary to obtain the solutlion, requires the application of auxiliary
conditions, These are not always chosen on sufficlently substanti-
ated grounds.

(2) The precise dependence of the velocity of turbulent flame
propagation on the initial paremeters (u', ug, etc.) is not known,

(3) There is no uniform view about the way in which the width
of the combustion zone of a turbulent flame (or combustion time) should
be determined. Experimental data on the determination of the width
of the combustion zone are few and contradictory.

In -hls connection, it is felt that the correct solution of
the problem must be found. Thls is the purpose of the present work.

1. Survey of the Literature

The solution of the problem of flame propagation in a cylin-
drical tube with ignition from a point source was attempted by Ya. B.
Zel'dovich, @. Tzyan [H, Tsien?], G. I. Taganov, A. C, Scurlock,
J., Fabry, etc, These authors attemp.ed to solve the problem for a
.aminar flame (the thickness of flame front being infinitesimal and
the velocity of flame propagation low in comparison with that of the
incident flow). In other words, the flame was considered as a zone
of combustion products separated from the fresh mixture by an infi-
nitely thin surface (the flame front) at which heat is momentarily
emitted as a result of the combustion reaction; the temperature then
rises abruptly by several times,




Such & simplification ie too unreal, In practice the wldth of
the combustion zone may be substantial and must not be diaregarded

{see [4] ang [8]).

Such & problem was worked out for a cczbustion zone of finite
width by B. P. Skotnikov and, later, by 2. V. Tslantov [7].
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Fig. 1. Diagram of a flame in & tube

In calculating a combustor the problem 1s usually stated as
follows., The combustor has & constant cross section, The mixture
is ignited at a point on the axis of the flow, Befors entering the
combustor, the flow is one-dimensional. The static pressure at the
combustor's cross section 1s assumed to be constant (Fig., 1). The
laws gover 1lng changea of temperature and velocity in the combustioiw
zone in the transverse direction are considered to be given. It is
necessary {0 find a method for calculating all the parameters of the
flow In an arbitrary cross section i/, The following values are de-
termined: the velocities of the fresh mixture {wc) and of the com-
bustion products (wn), the temperatures of the fresh mixture (T¢) aud
of the combustlon products (Tg), pressure (px), the ordinate of the
initial flame front (yc), and the ordinate of the end of combustion
zone (yp). The equations given below are used for the solution#,

The energy equation for a fresh-mixture flow 1s
2 b ]
6To+ A mme, T4+ A 55,

§

where T, and.wb are the temperature and flow velocity at the combusto:

¥X11 the basic equations absolutely necessary for any calculation of
& combustor are glven below.



entrance, respectively; or, after transformation, it is
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M, 1s the Mach number at combustor entrance,

The equation for the adlabatic process ig
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The energy equation for the flow of combustion products is

o
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The equation of conservation of mass for the entire flow is

o
P°w0F0=Pewc (Fo"’Fc) +?nqul+£ ?.W,dF. (4)
[

where P,, Fs and Pp are the densities of the fresh mixture and the
1ombustgon products, respectively [sic], in the initial cross section;
bg and wy are the density and flow velocity of the mixture in the
combustion zone; F, and Fp are the cross-section areans of the com-
bustor and of the flow of combustion products; and Fo = F, - (Fyg + F,)
represents the area of the entire flow mimis the flow of %resh mixture;
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The equation of quantity of motion is
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or, after making simple transformatlons,
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The equation of conservation of mass of the fresh mixture is
feu -1y (Fo—Feu-n) Wegs 1y == g {Fy -F.) w,, *'."cput as, (8

where Pgny 1s the average density in a portion between nelghboring
cross sé€ctions, and AS is the area of the flame front between those
sections, or, in a dimensionless form,
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In order to solve thls system of equations 1t 1s necessary to
introduce additional conditions. In works [7] and [11] these condi-
tions are not similar and, therefore, the final results differ,

In A, V. Talantov's work the egquations needed are found from
the condition of "equality of the required and available time for
the streamtube.”™ The available time, when the motion is along the
line of flow 00! (see Fig, 1), 1is

>

Ax

At -
Foey .
The time required to complete the combustion process can be found

when the law of burnout of mixture in the streamtube is known in
terms of time:

A Aty =ty —Eagi-ays

or
LR R | (10)
Yep

where Ax is the distance between neighboring cross sections, wgp 18
the average speed of moftion of the mixbure hetween those sections,

tn 18 the total time of combustion of the mixture in the streanmbudbe,
and tg{i-1) 1s the time during which the mixture remains in the zone,
beginning with the moment it crosses the initial boundary of the flame,

In additlion, the author makes use of an auxiliary approximate
condition first introduced by G. Tzyan [9]. Equations (1) and (3)
are employed:
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or approximately
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Finally, the portion Qg of the heat libgrated at any cross

section as related to the total heat Qp availadle in the mixture
‘burncut) can be found from the reiation

pee e Bl (12)

0 Q
where ZI; and I, are the total heat content in the mixture at cross
section ; and at the initial cross segction, respectively.



After transformation, one obtains
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The system is closed when the laws of change of the psram-
eters of the combustion zone are known and the integrals in the
equations (5), (7), and (13) ané evaluated. Tulahtov assumes that
the law of change of velocity and temperature in the zone is lineap,

The most questionable point in Talantev'!s caloulation methed
is his introduction of a chawraeteristic combustion time in g turbulent
flow& the ?g?busticn time is selected on the basis of the author's
own data. '

The accuracy of both the methods and the results of measuring
Tgp are debatable, This matter is discussed in detall below.

Virtually the same equations [(1), (&), {6). and (8)] are con-
sidered by B. P. Skotnikov,

The following additional conditions were used to solve the
equations:

(1) The connection between ug and upg, (where up, is the ve-
locity of combustion products along ghe compustion axis) was determined
in the form of the relation '

tpg=V 1= (ul~1),

where T i1s the degree of preheating,

3

- by

(2) Tne law of change of the velocity profile along the cross
section of combustor (and of the density profile) was defined &s para-
bolic.



(3) The dependence 07 = 5 ~ figof the width of the combustion
zone in a radial direction was taken in the formbgp = f(ng), for
which experimental data were utilized.

= the radius of the initlal boundary of the flane;
Mg = the radius of the boundary of the flame combustion
proguets,

The calculation by B. P. Skotnikov is also not entirely cor-
rect, The definition®p = £{7N,) is incorrect, since 8gp depends not
on g but on &, which 15 the distance from the point of ignition of
the fuel mixture. Therefore, the author!s calculation data are true
only for the single case where w, 8, ¢ , and X are constant; changes
in these or other parametsrs would also change the dependence dx = £(1g).

In Yu. A. Shcherbina's work [11], the calculation of burnout
benind one or several ignition sources is presented. On the baslis of
rhat calculatlion, it 1s possible to construct temperature flelds at
any distance from ignition socurces. It is assumed that the flame
front is oscillating lrregularly in relation to scome average position
a, with some mean square deviation O from that average position. The
value of. % can be found by means of Taylor equations for given 1 , € ,
and X.

At present, the value of ug cannot be determined analytically,
and, therefore, the author has found an empirical dependence, up =
f{ug, w,0). When up is known, it is possible to find the value & = £{x)
and consequently to calculate the temperature profile and the complete-
negs of combuction in a given cross section of the combustor. The
following observations may be made regarding [Shcherbina‘'s] work [11].

As a matter of fact, the author does not in any way take into
account 1in her calculation the effect of the combustor walls on the
development of combustlion and the formation of the flame. Therefore,
thre calculation 1s true only for some particular cases for which the
dependence & = £(X) was found.

Satisfactory agreement of calculation results with the data
from experiments by other authors was obtalned. However, all such
experiments apply either to conditions in half-open combustors or to
comparatively short combustors, where the wall effect 1s insignificant.
Such agreement 1s not surprising, since the authdr employs the empiri-
-2l dependence, ugp = f(uH, w, @), derived from these same experiments.
Actually, she considered the position of the flame in the combustor,

Ne = f(xj, as being given, when in fact it must bé found as a result
of the calculation. '



2. Preliminary Observations

Before turning tc the description of the propcsed method of
valculating the combustor, we will discuss in more detall some char-
a~teristic features without which no cecaloculation of any combustor could
be carrlied out. Two such baslc features are the veloclty up of tur-
bnlent-flame propagation and the width &g of the combustion zone of
a .urbulent flame %or the value Tgp, i.e., combustion time, analogous
ir. meaning to 9p).

At present, it 1s not possible to calculate theoretically the
value of up. In a number of investigatlons, zttempts have been made
tc determine experimentally the value of ugp in an open flow of homo-
g ~eous fuel mixtures. The question of how to determine ugqp is a de-
t.-atle matter (see [2], [s5], [9], and {10]), and since the results
“. experimental determination of up depend on the method chosen they
“for considerably with different authors. 1In cases where the de-
«dences up = f{(u', ug p), as found by various authors, are more or
c.s similaf [3], the absolute values of up differ considerably (thus
w1 (1 to B)u! Y A cnange in the absolute value.of up affects con-

ii=rably the results of calculation of Ne and r = £(x). Moreover,

ne has ever mea zred up in any combustor. Therefore, 1n order to
~~1ve thils problem, xe made an attempt to determine the values of fi
ny .tllizing the results of the processing of experimental investi-
<u tons of burnout in the combustor.

-t

<
-
[

The matter of determining the & or T,n is still move contro-
tal.

In Talanf~v'c work (8], there is a derivation of the thecret-

dependence. Yap = £{ , w, w', uy), and a comparison between this
rniience |, 1c] and experimental results. The derivation of these
cretical dependences, as carried out by the author, is far from

o self-evidenut, and the experimental determination of Tap gives
r2> a number of cbjections.

The author calculates the combustion time in this way. He con-
.4 ¢ the combustion of an individual nucleus of fresh mixture, cut
U b, turbulent pulcation from the initial flame surface and surrounded
4 swabuction productoe. This assumption 1s not obvious. Further,
. 1. tov assumec. that oSuch a nucleus of fresh mixture starts burning
-2 surface with a speed at the initial moment of

o 4
11“=ua+l(mmo_l_ ,
(i



where K,, is a coefficient in which the effectiveness of pulsation-
speed ac%ion is taken into account (the value of this coefficient is
not determined), w!'y and /, are the initial values of the pulsation
speed and of the dimension of the source, respectively, and I 1is the
running dimension of the nucleus, which burns with the speed uy = ug.

Also, no allowance is made for the increase in normal velocity
due to the small dimensions of the source, i.e., the sharp curvature
of its surface. .

The author writes the equation of combustion in the form

dl=udy

and after integration he arrives at the final form of the equatlon:
=B 422
) &
.1t 1s assumed that Ky, = 1.

Fig. 2. Diagram of right circular cone of flame

1 - combustilion zcne.

The entire derivation is based on many a priori assumptions,
and therefore the results cannot be considered as proved.

In order to determine ¥gop, the width of combustlon zone 5To
was measured along the axls of the right circular cone of the flame.
In a number of works (e.g., [4]), 1t 1s shown that the value of bgq,
depends on the distance X to the ignition source; this is in no way
accounted for by Talantov. Such a result can be determined from an



clezentary anclysis (sec Pig. 2), thuos:
ty definition S .

e -
(1 >

t{ 18 possible to consider aprroximately

i =2 Zand % _ 4
hid ' w 21
«“i.cre x 18 the distance fron tic flanw-cone aperx to thc base of tie
tuiner, d 18 e élameter of the burner, and T 18 the radial widt..
¢l the combtuation zone. Prom tihis
L,

("1.3.' .
e D= const., = u' ',
{=Aie for small x; *)
i,ee A}/ 20, foOr lurge x. (**)
Since up dces not depend on x the value of Top in Doth I0lic
i(®) und (®*®). de¢, endz cn the distance to the ignition source. This

~cint 18 not counsidered at all in Talantov's work, not to mention the
:oct that, generaily, the cnaracteristic of Teopr 18 quite relative.

In rcalit, the combusiion time in a turbulent flanc 1is
olemined in the siwe way o6 that in a laminar flame:

!

ey

*H

Accousding to the modern views regarding turbulent combustic::,
stuted for vxemple in [14), {153, and other works bastd on Shchelkin's
,nysicul model, tiic width of tne combustion zone of a turbuient flose
iz deiined by the depth of curvaturces in the flame front under the oo-
ticn of turdbulent pulsation. Tne cu:rvatures and also the pulsaticn
o tne flame frc:nt are determined by the stati cal value of the mcon
otutistical displacewent of the fiame clement » “hﬁt’ according
“o whet was said ubove, results in the equality bq = VY°.

*

If no allowance is made lor the effect of normmal velocity
und autoturbulization (as a result 9[ smoothing effect, normal
vilocity reduces the quantity (Y?)3/%; this turns out to be jJustified

‘n a number of cases), the juantity (¥7)3/3, con be calculated
ticcretically:
(V%) *=1x for x & "'. (11)

(P1) =V ELT for « > «': A

- 10 -



Thus, to determine the value 8q ~ (¥8)3/8, statistical process-
ing of & great number of instentane cuz positions of the flame front
is required.

In practice, however, the determingtion of the width of the
combustion zone is usually carried cut by meesuring {lame temperature
with thermocouples or by other inertial measurement methods.

The data obtained by means of ionization-type pickups slong
the width of the combustion zone may be of definite interest because
such a measurement method 1s quite sensitive and makes it possible to
reglster individual flame oscillations,

In {4], the wiath of the combustion zons was determined by
fonization-type pickups rapidly moving across the flame (Pig. 3) in
an open flow and in a cylindrical combustor, The speed with which
the flame was crossed amcunted to about 0.5 m/sec, while the veloeity
of the incident flow was 2 5( m/sec, Actually, not an instant®neous,
but an average-time picture of the distribution of ionization current
in the cross secticn of the flame was taken in this way.

¥ N
| 5 . &
v ] T | ~ l
-] g
1 ;
5 E-A
T . Y - A t’;ﬁf‘fx;l ’*"r'{:,;/é‘/, /'

/ oW
: 1

Pig. 3. Determination of flame .boundaries
by ionization pickups

1 - homcgeneous gausoline-air nixture; 2 -

mixture-igniting source; : - direction of

motion of an jonization piclup across the

flame, 4 - typical plctures of the distri-
buticn of ‘onization current, 5 - products
of complete combustion of the mixture

It 13 known that in the region of chemical transformations,
. g., of the laminar flame, an increased ionizaticn can be observed;
it i&¢ Just this phenomenon which makes 1t poasible to separate the
region of chemical trensformations from fGhat of the products of com-
vlete combustion in a turbulent f{lame.

- 11 -



The width bqy, of the combustion zone (along the radius of flame),
determined in [4] on the basis of relationa from the probability theory,
should {allowing ~1% measurement error) amount to

3, = A6{7Y " (16)

In order to verify the correctness of such a relation, the re-
sults of experiments from [4] were processed in the form of the re-
lation

. %- /(X). vhere
8 i T

- x
T ."Q,\"::2

1,6 a4

On the other hand, relations {14) and (15) are known,

As seen from Fig. 4, the quantity Oq/4,6 found and the values
of (y)?/# calculated from equations (1u¥ and (15) practically coincide.
The velocity of the incildent flow, the fuel-mixture compoaition8 and
therefore uy,, d4id not affect the value of . Also, the value Yp did
not change as a result of the specific conditions under which 1t was
determined — 1in an open flow or in a cylindrical combustor. The re-
sults obtained have also been confirmed by the data in [11].

a4,
e i v § ennd v 4 B et i Il guid 4
A8 —t : . P -
e s 4 [y SRS Y TR S N
r ”1’-""‘7
a'[: p— 44 -} 4 S :/’4-’.'1 —f 74
| ]
- - [ G SIS S VR S b 4 e SRS B Sk SR
//
ao' - Ean sandis shaael cod -'1)}/ - - r-«-v — - - g = }-—
<]
- 4 - ﬁ-«am- -~ 44 -k 1»—,-.-4---1— -
il (dﬁ, - )
»w%» - jn e —~—

BV T R TR T S AT RV Y S Y R T

Pig. 4, The dependence of the value of the mean
square displacement of the flame on the relative
distance to the ignition source

—— - C8lculated values of the mean square dis-
placement O; O - experimental values of 5§, found in
open-flow installations (W = 35 to 50 m/sec and

@ = 0.5 to 1.3); @ - values of Bp in cylindrical com-
bustor 145 mm in dismeter (w = 3§ te 75 m/sec and

a = 0.7 to 1.3)

- 12 -



3. Proposed Calculation Method

The foregoing discussion indicates that, in principle; the
calculation of a combustor is feasible, As was done in & mumber of
the works discussed above, the equations (1), (ﬂ?, (6);, and {8) can
be used as a basis. Also, G. Tzyan's condition [9] can be used, as
was done by Talantov, {o close the system of equations., Finally, the
last equation needed for the calculation is the relation

3~ (M= f(%)
{see tke equations (14) and (15)).

To calculate the position of the boundarles of the flame and
of the burncut, one should know the values of changes in velocity
and temperature in the cross sectlon of the flame rather than the
values %p or Yop. As the processing of experimental results shows,
the temperature profile along the cross section of the flame is quite
complicated {Fig. 5). In [11] 1t is shown that the temperature pro-
file can be determined by means of the relationship

T -7, 1
ce o e P )],
M Tou--To 2“ ® (0}

where (=7 ; =¥

®{t) i1s a Gaussian integral obtained from the table,

However, such a law of temperature change makes it impossible
to integrate equation (6); (a numerical integration results in ex-
cessively cumbrous equations).

fnalysis of the existing experimental material makes it possi-
ble to find a more simplified solution. The law of temperature change
is introduced in a linear form; then, the entire change in temperature
from T, to Tygax takes place 1n the zone at the depth

r‘,' =33 (J = V?-?)

The coefficient "3" 1s found as a result of processing many ex-
periments (see Fig. 4). In other works, e.g. [6], the law of tempera-
ture and velocity changes was also assumed to be linear, but at the
depth of ~ 697),

- 13 -
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Fig. 5. Experimental and theoretical dimensionless
temperature profiles behind a single stabilizer.

(A linear law of temperature change is assumed in
this work: solid lines.)
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¥, -
Thus, we agsume ‘rsm?":rft —1) + 1,

The change of velosity with &g i1s also assumed to e linear:

, ' a,m‘:,;:: (u,-- ) +4,.
After all simplifications, the system of eguations for de-
termining Wg« £{X) appears in the form:

:..—:XS!‘; (17)
li, == /[ bl»-ﬁ g+l. (18)
Jote _
R b1 {19)
g
""?’:l. H (m)
3&33&/(«\?). 3@-“7!3""!95 (2!)
g teomes ol
Sets - n "‘“ SR LY A (e~ Tew-n)%
'} ) J]"w ntredd o
(22)
,.,_.-.P +V (23)
whore Js %\,
P b m)
Amﬂ-"ﬂ'i
9 T
LT
Q w o

It is neceseary to find: ¥g %y, Wg Uy B, O, W, and AX.

The known values are: My, Ap, k, Up, vy, and up

- 15 .



There are eight unimown values and seven equations; however,
one of the unknowns is an argument (8.g.;%¢ or 8%). Therefore,
there is 8 sufficient number of equations to find the sclutien.

- °r ! }
o ' R4
7
4 N
3 .
§ 4 k*i
’ .a—"""';y J/
)24 /
2 S
,’W"‘
w12 6 % 18 X

Pig. 6. Posl!tions of flame boundaries — according
to Talantov's caleculation (1) and according to the
calculation by the proposed method (2). [3 - calcu-
lation results by the proposed method with ugp =
2.26 m/sec; (the curves "2" were found for w =
50 m/sec, up = 10 m/sec, and T, = 288° abs.)]

These equations make it possible to carry out the calculation
in stages, from one cross section to the next, by the method of suc-
cessive approximations,

To compare this calculation method with that of Talantov, the
example given in [9] was caleulated for the following initial condi-
tions: w e 50 m/sec, up = 10 m/sec, and T, = 288° abs. It should
be noted that the value chosen for ugp in tﬁe example is considerably
elevated, Under ordinary conditions at € = 0,05, the values of ug
are, as willl become evident, noticeadbly smaller than those given.
The results of such a calculation are shown in Fig. 6. It can be
seen that, as it was to be expected, the initial positions of the
flame front colncide quite closely for both calculation methods;
however, the final position of the front differs considerably from
the data in Talantov's calculation. For a more correct comparison
of both methods, the fact that the values of up used by Talantov
d. ffer considerably from the real one should be taken into account.
This is due to the fact that was determined on the basis of the
front boundary of the flame and that such a determination is incorrect
(see [2]). In reality, as follows from the eflculation based on our
experimental data (which should give a true amount for up), wp = 2,26 m/sec
for € « 0,05 and @ = 1,2, Under the same conditions even for somewhat

- 16 -



smaller values of uy, Talantov'a equation {7] gives

up = 5,3(u')e 7(uy)°'® = 7.7 n/ses.

When ths value » 2,25 mn/sec is used and the position of
flzme boundariss is calculated by the proposed mathed and then com-
psred with the calculation according to Talantov, & considerable
discrepancy in the results is seen (see Fig. 6).

In ordsr to calculate the total length of the combustor, it iz
necessary to find 2 method for detexmining the coordinates of ng in
the cowbustor cross sections wheren, = O,

In this case, it is recommended that the following self-evident
rejation be used:

L, =822 w3 _“32.

Gy 8yity
where L3.p 18 the width of the combustion zone sliong the line of cur-
rent and ugp 18 the average flow veloeity in the cenmter of the com-
bustion zong L3.r3

8cg + By
awa-- R

In many caseg, it is possible to assume approximately Ugp &= ug;
then, the final expresaion is

2
— iy,

L, =3 e

In a number of approximats calculations, when the shape of
the curve ne = £(x) can be disregarded, the calculation of the position
of flame boundaries [W¢ = f£{x)] becomes subatantially simpler. In
such a case the total length of the cold portion of the combustor (to
the point where the flame touches the combustor walls, i.e., a8t nc = 1.0)
remains practically constant., In this case, the entire calculation
can be carried out [by] assuming the flame front to be infinitely
thin, i.e.,, by finding the curve n¢ = f(x), and then finding the
value 6¥ = 30 for each running value of x. Tre calculation is carried
out as follows,

To be found: =z, uc ; ung , nNe

s, =Av: h o14-20-,
a + tpTo

ew U b e
,:,:.:;iu b _._B/ LA ACH ..
r{tafts  Ugftc)
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In connection with the fact that the data on absolute values
of up are of great interest, it is interesting to caloculate the
values by using the usual research results regardling combustors
(e.g‘, on the basis of the change In static pressure along the com-
bustor, z = £(x)). It is not difficult to construet such & ealculia-

tlon system by using the eqations given above. The caleulation
fequence 13 as follows, :

¥ 2
b=
‘:310—?9 (25)
T, == %, (26)
] Em‘;._..._‘ ) -
gc::: k-.l 2 + 19 ( )
—o M
Tk STV TR 28%
- g ot {
7 Mo

7= g//:{z G = s (ot wff . (29)
VG

-) +(—5-)] ezt %e1)? [Ax3 + {5 — %]

§ Y]

n.=—33p+ ngzpsQS (30)
[+ e
lc — 8y "':
p = un 'ﬁc- It

Let us now turn to the examination of experimental results
of research on burnout in combustors,

In the present work, a cembustor of the simplest type, 150 mm
in diameter and with 1ts hot portion 720 rm in length, was Investigated.
& coniec stabilizer 12 mm in diameter was used as the ignition source

and for stabllization. Static pressures were picked up along the :om.-
bustor (see Fig. 7).
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Fig. 7. Diagram of combustsr measurement systen
and arrangement. 1 - Pesition of turbulization
grating; 2 - rlame stabilizer; 3 - transparent
windows; 4 - flame; 5 - static pressure pickup
peints

The followlng conditlions were made varisble: the veloeity of in-
cident flow and nmixbure composition «. The experimental results were
found in the form of the function z = £{X) for various initial con-
ditions.

Since the value R

in a given cross sectlon of combustor is known frem experiments, it
is possible to determine the yunning values of Mg, Ty, Uy, ete. The

values of 4 x and O are known {in this work, it was assumed that

; = O&?g, for these conditions, the value of O ig determined from
igo o

The values of Up were determined for individual portions dx
of the combustor, after which the mean value was calculated. The re-
sults of the calculations are shown in Pigs. 8 and 9. ‘

The values found for up were of the order 0.5 to 1.5 U'; this
agrees well with modern views about turbulent cembustion (see tlhl
and {15]). The relationships found, up = (u')°® ©0 °8 and up = ug
(in the range o » 0.9), are in satisfactory agreement with known ex-
perimental results, which give up = f£{u?, ug) ({15]), taking inte
account calculation exrrors.

The faet that the effect of u' (through the influence of w) and
uy on the value of up 4is somewhat stronger than that in [15] can be
explained by the effect of the ignition source. In the case of a small
ignition source, the completeness of combustion close to the ignition
source in the axis of flow, as 1is known, may be considerably less than
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Fig. 8. Relative change in the velocity of tur-

bulent combustion in relation to that of normal
combustion
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culation results from experimental data for w, =
50 m/sec, a = 1 1.6 [TEK = running]
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Fig. 9. Relative change in the velocity of turbu-
lent combustion with increasing flow velocity
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the usual 0.95 to 0.98., In this case, the ignition of the fuel mix-
ture does not start close to the stabilizer edges but further down
the flow; this 1s not taken into account in the calculation.

It should be noted that since under the majority of operating
conditions the flame front does not touch the combustor walls <1.0)
corrections for expansion of combustion products were introducegswhen
computing up during the calculation of up = f(ug), as was done in
Yu. A, Shcherbina's work [11].

Thus, finally, in the fiprst approximation it 1s possible to take

. A 'u' Y 0,6 ;tix T:al}

e o u!o( ®y ; (50 ) ("uo )(meo )‘
where ugp, = 0.092, w, = 30 m/sec, uy, = 81 cm/sec, Tpgx, = 2400° abs.,
and €4 = 0.05.

e

' ] ) ] v 3z

Flg. 10. Position of flame boundaries

1 - from calculation; 2(o) - experi-
mental points determined by the iloniza-
tion plckup method; 3 - boundaries
found by direct photography
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Fig. 11. Position of flame boundaries

1 - from calculation; 2(o) - experiment-
al points determined by the ionlzation
pilckup method.

Fig. 12. Position of flame boundaries

1 - from calculation; 2(c) -~ experiment-
al points determined by the ionization
plckup method,

In the case of the flame touching combustion walls,

Teres
7. 10
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I addition, & comparicon wa. made of the resultc of the de-
termination 7 . lame boundarics in a cylindrical combuustor by the
caleulatlion meoaod witn theose determined by the lonization pickup
method [2], and al.o by photography through a window in the com-
tuster, Az wcexn from Pigs. 1o to 12, good agreement with caleulation

ata wa. found.

«, Cunclucion

A calculation nethod Cor the . implest ramiet-type combustor
1. "reoented. The methed conciite in ¢losling the system of the basle
ga.-dynamic eguations (of fuel-nixture fliow) within a c¢ylindrical
tLbe with a polnt-iondtion fource, by introducing an auxiliary con-
Jition which definer the dependence of the width of the combustion
2one on the distance to the ignition source. The results of the
calculation were compared with come experimental data and were found
to be n good agreement with them,
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