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INVESTIGATION 07 EXCHANGE BETWEEN RECITICUIATION ZONE B EHIN D

STABILIZER AND EXTERNAL FLOW AND SONE PROBLEN S OP PLANE STABILIZATION

T. A. Bovina

I

INTRODUCTION

We know that coubustion stability ihen a flaue is stabili zed by

leans of poorly st reamlined bodies is achieved by continuous ignition

of th. fuel mixture of combustion prod ucts from the recirculation

zone formed behind the body. However, the specific iechnnisa of this

ignition and the phenomena of flameout ba ys not yet been thoroughly

studied. Sole researchers (see, for exe pl. (1]. and (21) believe

that Combust ion stability behind the stabilizer is determined sole ly

_ 
_ _ _ _  _ _



ITT

DOC a O 62 I PAGE 2 
-

by the thermal state of the zone of reverse currents. It is also

believed that the relationship bet ween the time that the mixture

remains in the zone behind the stabilizer and its combustion time

determines the stability of the combustion process. These theories do

not, however , address the problem of the place of ignition of the

fresh mixture behind the stabilize r and are not confirmed by

experimental temperature measureme nts in the zone. Evidentl y it would

be bet ter to study the phencue non of stab ilization not from the

standpoint of balance in the zone, but from the standpoint of the

heat balance which is externa l wit h respect to the zone, since the

amount of heat carrie d into the external flow deter mines the course

of develop ment in it of the chemical reaction which occurs under

certain conditions prior to ignition.

Thus, from our standpoint , the stability of the process depends

not only on the ignition source, but also on external conditions ,

i.e., on the amoun t of heat received by the fresh mixture and , in

this connect ion, the manner in which the chemical processes develop

i n i t..

thus, it is b est to begin our study of the stabilizer wit h the

patterns of heat exchange between the recirculation zone and t he

L exterual flow.

- - - -

_ _ _ _ _ _  _ _ _ _ _  ~~~~~~~~~ 
- --— -- -- -------- —~ —~------
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STUDY OP MASS EXCHANGE BEHIND THE STABILIZER

Based on the peculiarities of the flow behind a poorly

streamline d body, we assume that the exchange between the zone and

the flow occurs primarily as a result of turbulent diffusion.

We also assum e that the relat ionship between the diffu s ion

coefficient of the zone D4 and the diffusion coefficient of the

oncoming flow ~~~ flow velocity 
~A’ 

and the dimension of the

stabilizer d
T 
is achieved in the form of a simple dependence

(1)
-
~~~~~ 

p
a

which satisfies the boundary conditions.

Here k5 and ka are the coefficients of proportionality.

This dependen ce was later verified experimentall y.

Por the recirculation zone we found qo method of directly

determ inin g the coefficient of turbulent exchange. However , it can be

indirectly determined b y the magnitude of the average time that the

_ _ _ _  - - 

~~~~~~~~~ ~~ 
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gas remains in the zone behind the stabilizer.

The average time (average time of exchaa e)~~~u ~~termined as the

ratio of the volume of the zone to the volume flow of gas thro ugh it.

In the case of diffusive exchange

V P
(2) v.~. j fr

vhet 
~.,  .idr1,—r.present the volume , surface , and average radius

of the zone, rsap.ctively.

If we know the average time and the dimensions of the zone, then

from this formula we can calculate the average coefficient of

diffusionS.

(FOOTNOTE: The valu D, was assumed to be average for the entire

• zone. The corresponding coefficient of ~~oportionalit y in equal i ty

(2) was included ii the value r • END FOOTNOTE ICe

Dsterlinatiom of the a verage time waa a problem of indepen dent

and cot. general interest*..

~~~— --
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[FOOTNOTE: Recently we became aware of study (3], in which the

exchange behind a stabilizer is also studied and a method is proposed

for determining the time that the cold currents remain, which does

not differ basically f rom the method described here. Only one value

for this t ime is given, namely, for a conical stabilizer 64 mm in

diameter at a flow speed of 3.8 m/s. The shape of the s tabi l izer  and

its flow conditions do differ from ours. END FOOTNOTE]

The method of experimentally determinia~ ~~~~ 
was as follows. A

secondary mixture, easily carried along by the turbulent movements of

the medium and whose presence could be established in some way ,  was

introduced into the zone behin d the stabilizer. After the stationa ry

process between the entry and remova l of the mixture was established,

the supply of it was cut off abruptly and the time change in its

conceetrat ion from equilibrium to zero qbserved. In this case the

change in concentratio n should be subject to the following law :

L (3) C~~C,.c

where C0 is the concentration of the miztvre at the initial  mom ent in

L .— -- - —-- - -  -~~- ---- — 
- - _—•“--_ •_—•-•••——•_-- ——‘ -.•----••~- ,s r a&& - ~~~~ ~~~
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time, i.e., at the moment that its supply to the zone ceases;

— the constant coefficient for the exponent — tine during

v~ich the concentration of the mixture decreases e times. Numerically

this quantity is equal to the average time that the gas r e m a i n s  in

the recirculation zone during the stationary process. If we determine

it from equation (3) ,, then we get the value for the average time.

In practice the value was found as follows. In w o r k i n g  wit h

cold currents, tobacco smoke was introd uced into the zone behind the

stabilizer. Portions of this smoke were capable of reflectin g the

light incident on them. During combustion an aqueous solution of

ccmmo m salt was injected into the zone. In the hot zone the  water

evapor ated, and the  sodiu m vapor which was formed radiated the

light..

( FOOTNOTE: It was experimentally confirmed that the a m o u n t  of

injected water and its time of evaporation have no su bstant ia l  e f fect

on th.. thermal regime of the zone or the radiation of the sodium

vapors. END FOOTNOTE )

The light reflected or radiated by the particles was captured by



r ~~~~~~~~~~~~~~~
-
~~
--— 

~~~~~~~~~~~~~~
—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
--

~~~
---

~~~~ 
--

~~~ 
-
~~~~~~~~~

—- --- — -
~~~~

I~ 
- -

~~

- — •  — - -

~

• - - -

~~~~~~

- ------ --

~~

•-—•— —- —• — -

DOC a 0621 PAGE 7

a photomultiplier, and the developed current was amplified and

transmitted to an oscillograph for notation. The work was conducted

in the region proportional to the dependence of radiation on the

concentration of particles. The dependenc. of the current strength

(voltage) on time, according to our estimation, should be exponential

when the glowing particles enter the zcne — curve ab, and when the y

are carried out — curve bc (Fig. ta). Yet :, since we used an ac

amplifiers, at the amplifier output, i.e., at the oscillogra ph input ,

the change in the strength of the current in time should be as

follovs:

(*) I~~~ !j ( .’.
_. ’s)  ~~

(;;—I)

where U0 is the voltage corresponding to current I~ ; R 
— res is tance

of circuit and shunts; v~ — time constant of circuit.

(FOOT NOTE: Selection of the ac amplifier is explained by a number  of

its advantages aS compared to the dc amplifier, both with respect to

the simpli city of the circuit and work stability and greater accuracy

in determining ~ with the aid of oscilloqrams. END FOOTNOT!]

____________—---

~~~~~~~

— -—
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The oscillograms took a form similar to the curves shown in Pig .

lb.

por convenience in determinin g v,, from these curves we obtain

the relationship between the time correspQnding to the maximal poin t

on curve (points b and e in Fig. lh~i , the time cons t an t  of the

circuit, and the t ime  spent ( in  the zone]

(5)
‘S ~e

Depssãemce 
~~~~~~~~~~~ 

ekes ‘~ —c~ii~~t plotted is the fo r m of a cur ve ,

which was used in determining I
ff •

The calculated values of the change in the strength (voltage) of

the current in time were compared with experimental values t a k e n  from

the oscillograms (Pig. 2). There is an amazing coincidence bet ween

the experiment and the calculation, leading to the deduction that , as

assumed, the change in the concentration of glowing partic les in the

zone does follow the law of (3) and that the obtained formula (5) is

suitable for deter mining r .  

:iII: :.~ ~~~~~~~~~~~~
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The accuracy of determining v~ by the given method w a s  ± 7_ R ob .

The work was conducted in a chamber of rectangular section of 90

i 180 mm. St abilizers (V— shaped) , from 20 to 60 mm in d i m e n s i o n  w i t h

an apex an gle of 300 , were installed at a distance of 253 mm f rom the

edge of the chamber (se e the scheme in Fig. 3) .  The speed of the flow

varied from 10 to 70 m/s for cold injections and from 60 to 160 n/s

during combustion.

The turbulence imtensity of the flow varied from 5 to 20°/a. The

excess air ratio m — from 0.8 to 1. 145.

Homogeneous g as—air mixt u res were used.

In each regim e 10— 15 photos were taken.  Afte r these were

processed, the average of was found.

Prom general concepts of diffusion exchange we might expect the

following dependences of on the dime nsion of the s tabi l izer  and

the speed in turbulence of the oncosiag flow. With a change in the

stabi hizer dimension and ratio ~l is •~*ation (2) cha nge in

proportion to d
~t
. Then , v ,.~ should be pioportiosal. to
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- where K1’ and K2” are constant.

Or, if K~ can be ignored, then can change in proportion to

d .
CT

We know that in technical tubes the vale. ~.t remains constant
.5

when the speed of the flow chan ges (self—similar tk.ory) . The n , as

follows from (1), quanti t y SkOild also r.. .in constant

S

Since we know that the dimensions of the zone remain virt ually

unchanged with velocity, then ~ should change in reverse proportion

to th. velocity of the flow.

When a turbul izin g grid is placed in the flow , the d i f f u s ion

coefficient of the flow increases. Wit h an increase in the  d i s tance

from the grid the intensity of the turbulence falls, while scale

1, i:creases. Yet, since in this case the decrease in intensity is

more abrupt than the increase in scale, the valee should

d cline as the distance from the grid increases. We might expect that

i~ this case decrease linearly, while will increase in the

asic ratio.

presented in pig. Is for the case of a cold flow when d = 50 mm
or

_ _ _ _  - - — “
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-
. are the experimental dependences of on the stabilizer dimension

- and the speed and turbulence intensity of the oncoming flow, along

• with the change in r~, along the zone.

- As we see from these curves, the o~~siaed results do agree wi th

the theoretical premises. h~#t’  ~~4444.4I C-’-- ~~~• e-.~t-.- “~-‘ ~~~~~~~~~~~~~~ -~~~~~~~‘~ 4.,

From the experimental values of at diffqrent~~~,and at

constant and different stabilizer dimeqsions the values of the

average diffusion coefficient (D9) in the recirculation zone vere

calculated. -

• The experimental data are approximated by equation (1) at values

of constants Ke = 1 and K2 = 0 0014 (see rig. 5).

From equation (1) we see that whew 4.4

-

- The value of for the smallest stabilizer ~~~ = 20 mm was

equal to 0.13 mm, while the value of ~ , determined by the

- 

Optjca1—diffusio~ method, was equal to 0.12 m m *.

• (FOOTNOTE : Optical—diffusion method descr ibed in more detail  in (I s ).

PID FOOTIOTE)
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Such close values seem to indicate the correctness of determining D1

and Evidence of this can also be found in the fact that the

values of D
3 

which are indirectly determined through v~ were close to

the values of the diffusion coefficient in the mixing zone, which

were deter mined by means of the optical—d iffusion method*.

(FOO PROTE: The thin tube through which the smoke was admitted was

• placed on the edge of the stabilizer. With the aid of phot ogra phy and

subsequent processing (assuming that the values of the pulsations

were the same in the direction of both axes), the value of the

diffusion coefficient in the mixing zone was determined. EWD

FOOTNOTE ]

These values (d0r 50 mm ) are presented in Table 1.

The results of the experiments conducted during combustion are

shown in Fig. 6. We learn that during combustion in a flow with

tubular turbulence can be expressed by the dependence

Is
’

-t

_ _   
_ _ _ _ _ _ _ _

• ____ -~~~~~~~~~~~~~~~~ --~~— - ~~~~~~~~~~~~~ ~~~~~~~~-~~~-
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The time that the turbulent flow remains (in the zone) during

combustion is 3.7 times greater than in the case of the cold flow.

This is apparently explained by a decrease in the total level of

turbulence in the combustion zone, indirectly indicated by decrease

in the gradient of average velocities behind the stabilizer. Just as

in the case of cold flows, v~ decreases as the turbulence of the

oncoming flow increases (Fig. 6b). In a range of change in a of fr om

0.8 to 1.45 (rig. 6C) the time (that ~t remains jfl the zone) remains

virtually constant, apparently explained by the very s l igh t  change  in

the di f fus ion coefficient in the give n ra nge of a.

INVESTIGATION OF STABILIZATION NECHA1IISN

As indicated, the change in the concentration of g l o w i n g

particles in the Rome occurs according to the law of (3)~ i. e..

eq uation ~~~~~~~ is correct for the speed of change jfl the

concentrat ion. It is obvious that by anal ogy to the processes of mass

and heat exchange, the following equation will be correct for the

speed of heat exchange

~~
__

~~ ftC~~~.,,C~TJ

g 
_ - - - -

~~~ _____ - -~~~- - _ -
~~ -~ - _____—- _-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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where y , T represent specific weight, heat capacity, and

-: temperature of the gases in the Zone, respectively; y.1C,,, 7.—
represent the values of the same parameters in che oncoming fl ow.

To de termine the amount of heat which is removed from the zone

to the ext ernal flow temperature, measure ments were taken in the zone

in steady regimes, regimes close to flameout, and at the moment of

flameout. The measurements were taken by chemical analysis and wit h

the aid of a thermocouple *. -

(POOT NOTE: All tem perature measurements were taken in the region

bounded by the surface of the zero horizontal velocities in the so

called z~~ e of “reverse currents.” The boun daries of this zone ,

unlike the recircu lation zone, are easily determined experimentally.

END FOOTNOTE)

• The graphics (Fig. 7) show the dependence of the coa p letness of

combustion #, meas ured by chemical analysis, on the excess air ra t io

for different flow speeds and stabilizer dimensions.

The measurements show that combustioq completeness in the zone

is sufficiently high — 0.96-0.97 — and that it does not change

_ _
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as flameout approaches, either with respect to a or with respect to

v ,, up to regimes which are rather close to flameout (a = 0.9

This indicates that the temperature in the zone is close to t he

theoretica l combustion temperature for the given a.

In rig. 8 we see the temperature field over the section of the

zone, measured by the thermocouple.

The upper half of the diagram corresponds to the regime of a =

1.56; ~~ 143 m/s (t~~ = 1360°C); the lower half corresponds to

approximately the same regime of a = 1.58, although to a velocity

wh ich is 1.5 times lover — ~ = 90 n/s (t cp = 1355°C). These

measurements, as we see frou the diagram, also indicated t h a t  a

chang. in velocity did not lead to a change in the average

tem perat ure in the zone.

Temperature measurements at the mome~~t of flameou t were t a k e n

with the aid of a thermocouple, which was placed in the center of the

zone. The readings from the thermocouple and the flameout indicator

were recorded on film. Deciphering of th. film revealed that the

tempe rature in the center of the zone, in the case of a constant

va lue of a and an increase in V,7. 
remains constant right u p  to

flam out, i.e., the beginning of the a valanche—like tempera ture  drop

in the zone. The f lame , according to the indicator, is completely

- - -—------- — ——------- — — 
- 

_n~ -
~
-.

~~
----- 

~~~~~~ — 
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extinguished within 0.02—0.05 8.

Thus, the obtained results indicate that the zone of reverse

curreqts is filled with products of complete combustion, and ,

consequently, flameout is not related to the insufficient time that

gases rema in in the zone of reverse current, as believed by certain

researchers.

If we investigate the movement alcng the recirculation zone of

an element of the hot mixture and its exchange wit h the zone and  the

I’ external current, then we might  assume that the determining factors

in th. stabilization process are the a mou qt of heat a r r iv ing  per unit

volume of the fresh mixture and the time of movement of the  m i x t u r e

along the service of the zone. The obtained experimental data on the

exchange and tempe rature in the zone, along with data on the  change

in width of the mixing region, i.e., the region of heat d i f f u s i o n

behind the stabilizer, made it possible to qualitatively examine the

change in the amount of heat arriving per unit volume of the fresh

mixture as the working mode of the stabilizer changed and , in

connection with it , the movement of the point representing the

- -
. beginning of combustion of the fresh mixture in relation to the

surface of the zone. It was found that the distance from the edge of

the stabilizer to the beginning of the flame should be

proportional to the  speed of the flow and time required to pre pare

_ _
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• the mixt ur e for cc~mbustion , conditionally called induction t ime

(6) i-.i~~~

Th is tine includes such components as the time required to hea t the

cold nixture in the separated volume by mixing ~~~~ and t he  t ime

required to develop the reactions. This last t ime depen ds on t he

kinetics i.e., the induction time as understood in the theory  of

combustion of homogeneous gas mixt ures

We can assume that if the time of coqtact of the combustible

mixture with the surface of the zone v becomes greater than  the
K

preparatio n time of the mixture for combustion then n orma l  work

of the stabilizer will be impossible.

Actually, if an element of the com bustible mixture moving along

the hot surface of the zone, has not mana ged to ignite , then , as it

crosses the limit, it is even less likely to ignite, since its

temperature begins to fall, while as a result of this

progressively increases. Then the condition for the cessation of

flame propagation into the fresh mixture can be represented by

equation (6), while the value of I is equal to the lengt h of the

zone of re verse currents L 3 , whic h in our case equals 3.5 d cr

- -

~~~ 

. - :~~~~~~~~~~~- : 
--_ _ _ _ _ _ _ _  

- -
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(7) ~~~~~~~

To check this hypothesis on the movement of the origin  of the

flame relative to the zone of reverse currents, me asur emen t s  of the

positiaons of the flame boundaries were taken f or different working

regimes of the stabilizer. The measurements were taken by an

ionization sensor. It was found that the -beginning point of

combustion of the fresh mixture moves away from the edge of the

stabilizer as the mixture is depleted and the velocity of the

oncoming flow incr eases. In regimes which are close to f l ameou t ,

• combustion begins at a significant distance from the s tabi l izer , at

the e~d of the reverse current zone. This can be illustrat ed b y t h e

following diagrams. In Pigs. 9a, b, and c the distance along the tube

radius lies on the Y—axis, the distance along the reverse current

Zone — along the I—axis. Points correspon d to the beginning of the

chemical conversions — the flame front bosndary.

Prom these diagrams it is apparent that  as the m i x t u r e  becomes

depleted, the origin of fla me expansion moves awa y from the ed ge of

the stabilizer. Neasuring the distances to the point of the origin of

expansion of the flame shoved that ~ changes in proportion to the

— 
v.lo~~ty of the flow and is exponentially dependent on the

temp eratur e which corresponds to the give n a value of the mixture.

_  ~~~~~-_ _ _

_ _ _ _ _  - --—— ~~~~~ ~-~~-
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• we can assume that as a resul t of th. intensive exchange , the

mi xing time is small as compared to the kinetic tine of induct ion.

Then, according to (i) , since ~~~~~~~~~~

where I is activation energy, 1 — the gas constant, P - reaction

temperature.

Hence it follows that the results of the experiments in

coordinates -b.L and •bould lie along a straight line wi th  an

angle of slops shoee tangent equals 1.

When the results of the experiment were processed, it was found

that for all measu r ed values of t • the point at these coordinates

ar. grouped near a straight line (see Pig 10) . The points

correspond ing to L ieneout regimes lie along this straight line, if

the valu es Of k lie along the Y—axis, where P, is the spee d of

flaneout (see P ig. 11) .

Thus, processing of the results of the experiment shoved that

apparently th. factors which depend on ki netics have a greater

significance in this process than mixing factors. Hence we might

conclude that to expend stabilization lim its we must select fuels

~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- --

~~~~~ ~~~~~~ - - - - -
~~~~ 
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-

- - which with equal heat—producing capacities have lover values vgur A

preliminary decrea se in this time for the fuel should also cause

stability to improve.

COICLUSIOW

Developed in the present study is a method for experimentally

determining the t ime that  the gas remains in the recirculation zone

behind th. stabilizer for cold currents and during combustion.

The method is based on the introduction into the zone of glowing

particles and their photoelectric registration. The accuracy of

• determining this time is from ~7 to t8°/~.

Quantitative data on this time and oq the coefficient of

diffusion for the recirculation zone were obtained.

The tem peratures and completeness of combustion were measured in

the zone behind the stabilizer. The mea surements revealed that  the

zone of r verse currents is filled with the product s of total

combustion (0 ~ 0. 96— 0.97) . The completeness of combustion doe s not

decrease as we approach flameo ut , either with respect to the velocity

or the composition of the m ixture (in th. direction of depletion) , 
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i.e., the temperature of the gases in the zcne is close to the

theoret ica l combustion temperature for the given a.

it was experimentally established that with depletion of the

mixture and an increase in the velocity of the oncoming f low , the

point representing the origin of combustion of the fresh m i x t u r e

moves away from the edge of the stabilizer. This movement in the

origin of the flame is proportional to the velocity of the f low an d

is expon en tially dependent ~n the tempe ra t ure which corresponds to

the combustion tempera ture for the given a of the mixture .

Proposed here is a system for explaining the mechanism of flame

stabilization behind a poorly streamlined body, according to which

th e determining factor  in the stabilization process is the

relationship between the ti me necessary for preparation f o r  the

mixtur e for combustion and the time of contact between the fuel

mixture and the surface of the zone. Processing of exper imenta l  da ta

shows that the factors whic h affect  the k inetics of the process

apparently play the predominant role in the total time of preparation

of the mixture for combustion.
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rig. 1. System of change in current force in t ime. a — dc amplifier;

b — ac amplifier. KE Y : (1) ml, (2) t , S.
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Pig. 2. Compari son of calculating curve V = f (t) with e x p e r i m e n t a l

data. KEY : (1) V, (2) , t, s.

I?Dxnftep e#wI
‘I 

~rs: 
~~~~

- 

_ _ _

Pig. 3. Scheme of working cham ber and block diagra. of eguipment. 1 -

loop oscillograph , (2) amplifier of photoelectric mul tiplier (UPU),
(3) supply block of photoelectric multiplier, ( ‘I) light , (5)
stabilizer, (6) valve. kEY: (1) Parallel light bean, (2)

Photoelectric multiplier 19.
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Pig. . Dependence of r on stabilizer dimension (a) , speed of f l ow

v (b) , intensity of turbulence (C) ,, distance to stabilizer (d)

(experiments with cold flows). KEY: (1) s, (2) n/s. (3) With ou t grid ,

( )  Grid at distance of 250 mm from stabilizer, (5) Grid at distance

of 150 mm .
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~‘ig. 5. Dependence of diffusion coefficient of zone on f low

par ameters ~~~~~ and stabilizer di mension ( d )

z—.4~~~~ø~~~ C—4 —Maiu~ ~ —~~~.19aata—~ — Na~~ *— d~~=~~~~.

Table 1.

~~~~ 
~~~~~~,

• 0,12 
• 

68 0,31
10 - 0,31 0.2 +0*

0.24$
0,21 31,1 - 0,496

31$ • 0,468 - 035+0,4
18 0,442
3511 0.927

.
~~ 33 0,652 - 0,55+0.6

• 15,7 0,514 
. -

• r ~~ ~ s.i
—•-----’~ .s1~~1.

__________________ ~~~~~~~~~~~~~~~~~~~~~ _ _ _
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KE y : (1) m/s , (2) According to formula (2) • (3) By di f fus ion  method .

r

4O~. — — L__ — —

0 S 10 15 ZOe .%
_ _ _ _ _ _ _  

~~~147 —

45

Pig. 6. Dependence of on ratio of stabilizer dimension to

velocity of flow (a) , intensity of turbulence (b), excess air ratio
(C) (experiment du ring Combustion). KEY: (1) 8. 
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_ _ __

• 
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~~~

iig. 7. De pendence of completeness of conbustio~ 0 on excess air

ratio a for different velocities of oncoming flow (from data  of

chemical analysis). a — stabilizer with d = 50 mm, • — 83.3, x —

112, 0 — 152.7, 6 — 87, 0 — v~ = 1149 mIs; b — stabilizer wi th  d =

20 mm, I — 76, x — 118, 0— 107, e’— v = 130.4 m/s; c — stabi l izer

conical with section of 60 mm; • — 83, x 125, o — v~~= 151.5 ia/s.

~~~~~ _ _

rig. 8. field of mean temperatures over section of re verse current

zone , meas ured by t hermocou ple . K EY: ( 1)  zone of reverse curre nts,

(2) Length . mm.

• 

• 
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- P do iio 
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• Pig. 9. Boundaries of flame front behind stabilizer, measured by

ionization sensor a — for values: 1 — a a 0.9, V,~ = 82.514, m/s; 2 —

a 1,1427, 7, = 80.2 n/s~ 3 — a = 1.68, ~~ a 81.3 ifs; 4 - = 1.72. V~
a 78.8 m/s; b — for values a — 1.375, V1~ = 80.3 •/s; C) fo r  va lue  1 -

a = 1.i52, 7, a 61.5 m/s ; 2 — a — 1.58, ~~ = 161 m/s. 
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rig. 10. Dependence of distance! from ed ge of stabilizer to place

where flame expand s in differut operating nodes of stabilizer. E

35.5 Ccal/mols, ,_s.~~.- • a, _i.. ~~~~~~~~ a.
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Fig. 11. Plameost charact.r iat ics of comical stabilizers o - d cr =

0.03; £ — 0.0*; 0 — 0.051; I — 0.025; / —  O.O~~ £ — 0.06 ; ~ — 0.05;

0.07— 000 I. _ _ _ _  s.
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DI~TRE Bt.rrION LIST

DISTRIBTJrION DIREC’r TO RECIPIENT

ORGANIZATION MICR0FI~ LE ORGANIZATION )IICROYICHE

A205 DMP~TC 1 E053 AF/INAKA
A210 DMAA~J 2 E 017 AF / RDXTR—W 1
B344 DIA/RDS—3C 8 E404 AEDC 1.
CO~&3 USAI4IIA 1 E408 AFWL 1.
C509 BALLISTIC RES LABS 1 E4l0 ADTC 1
C510 AIR MOBILITY R&D 1 E413 ESD 2

LAB/PlO FTD
• C513 PICATINNY AI~~ENAL 1 CCN 1

C535 AVIATION SYS COMD 1 ~~D/FI’D/NIcD 3
NIA/PHS 1

C591 FSTC 5 N I CD 2
C6l9 MIA REI~~TONE 1
D008 NISC 1
H300 USAICE (USAREUR) 1
P005 EBDA

• P055 CIA/CBS/ADD/SD 1
NAVORE6TA (50L) 1

NASA/KSI 1.

AFIT/LD 1
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