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EFFECT OF THE DESIGN 0? STA BILIZER ON THE CHARA CTER ISt L 3F SMOOTH

BIJEWING OF LIQUID SPRAYED FUEL.

K. V. Kakhovskiy , F. N . M ingaleyev , Ye. D. Iesterov .

Page 98.

In work are jiven the results of the invest,igati ,n of the effect

of the character of the su pply of air at the root of t h~ f u e l  flase

of in jector on th? range of siooth burnin g of the liqii~ a tonized

fuel. It is shown, that the flaseout in stabilizer with leaning—out

of uixture in certain cases is given rise to by the transition of the

process of sicrodiffusible coabust ion int o kinetic re;ion.

• One ~f the s st  isport ant requiresents, presentet to th e

cosbuetion cha.ber of gas turbine engine, is the provision for a

j broad band of siooth burning in the casera/cha sber in nil engine

paver ra ti ng s in f light.. Vi th flig ht operation are poesible the ca ses

of powerfu l i .poverishient or enrichment of fuel—air si~ture in the

calera/cha mber with sharp jettisoning or increase in en ;in e

revolutions. In order to avoid the extin tion of (in., in the

— ~~~ • ~~~~~~~~~~~ ~~~~~~~~~~~~~
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camera/cha m ber, wh ich can lead to the emergency of ai:cr aft , it is

a.eessary to have dat a on the range of s.~ oth b urning during a change

ti the airetream da ta at the entrance into the camer a/chamber (P2.

?~, ~*.)
. In tk. ca mera/chamber of the GTD ~gas -turbina enginej,

oacurs the process of the co.busti on of the sprayed fiel/p r opellant

is a t.r bul.mt f131 whic h is studied to a lesser degree than the

• proce ss of the com bus t ion of unifor , fuel—air mixture. t t  is

concea led by for., is necessary the accum ulation of ec p.ri mental

material on the investigation of physics of the combu st ion of

heterogeneous mixt ure and mechanism of the stab ilization f flame.

Page D9.

Fig ur e 1 give s the typical region of smooth burning in the

c..bustio. chamber of GTD , whi ch is limited to two br u cavay

characteri stics of the camera /cham ber :

the character istic of alean~ fl ameoia t 4

bbs charac teristic of *richu fla meoat.

~h. region of smooth burning of uniform mix ture, condi tionally

sbesn on Fig. 1, has a form which is cbar acter ize~ b y the form of the

characteri stic of *lean W disruption /separation. Dun n; th e supplying

~~~ P~.4 ~~~~~~~~ 
• .~~$ f  ~~~~~~~~~ 

• ~~~~~~~~~~~~~~~~ 
• -

~~~~~- ~~~~~~~~~~~~~~~~~~~~ ia—.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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throug h the imject or of vaporous fuel/propellant, the ~h annct er i stic

of “lea n” flameout approaches in for m an analogous characterist ic

during the combust ion of un iform mixture (1]. Consequ antly , th e form

of the characte r in tic of “lea n ” flame out ,, the bo.ogen ous mixture to

a aon~ ide r ab le degree is determined by t ha condition )f feed in g the

fuel/propellant. The charac teristic of “lean ” disru ption /separation

can be con dit ional ly d ivided on 3 stab i l i ty regions wit h respect to

the velocity of air (Fig. 1):

1. Region &~ The excess air ratio daring f laneout is

pr oporti onal to air speed (c1I~c~ -..W~~.

2.  R egion B~ The excess air ratio during flameout doe s not

depend on air speed (cL~~
2
~con st.~
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Fig . 1. Region of smooth burning in combustion chamber of GTD. 1, 2 —

ch aracterist ic of “ lean ” disruption /separation ; 3 - chara:terist ic of

“r ich” disruptio n~ sepa ratio n ; —— — the re ;ion of steady combust ion of

u nif orm •i xture .

Keg: (1). The stat. jet. (2) .  Centrifugal injector . (3~ . legion of

smooth burning. (~) . •/s.

Pa ge 100.

~~. Region C The excess air ratio during flameout is inversely

pr epor tional to air speed (c~,-J ~).

In works N. T. bortni kova is given the explanati on of the
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mechanisms of fla.eout with leanin g—out f mixture in the chamber

operation of combustion in different regions on air s eed. In chamber

operat ion in stability region A*, f iaseout occurs as t resul t of the

cessa t ion of fuel  atomiza tion by in jector durin g th e d ecreas e of the

fuel consu mption in the region of the low air flow rates. Flameout in

chamber operation in stability reg ion 8* is determined by the

c~pdition for existence of the diffusion front of flam e, i.e., by the

condition a1 .

The stability of the p rocess of combustion in tha f i e l d high air

speeds Ct is determined by the relationship/ratio of tha tile of fuel

evaporation ~~~~ to b. retention t ins of (eel— sir mix t ure in the zone

of circulatios ~~~p by cond ition ~~~~~~~~~~ 
1. Depen ding on the

thermo dynamic  and aer odynamic flow para meters, the extent of the

reg ions of smooth burning viii change and possible the cases when

r.qion 8* disappears as a result of the joining of re;i3ns ** and C~ .

In view of too coiplex a situation, in which occurs the process of

combustion in fulL-scale combustion chambers , in this  y ork  cond ucted

ex perim ental inve s tigation of the stabili t y chara cteris t ics of f lame

~,,- J(w) during the combustion of the liquid a tomiz e d f u e l  on

seperat. stabilizmrs in connection with f ron t  egu ipmea t~ device of

combust ion chamber of GTD.

Descript ion of experimental instal lation and procedure of study.
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The expe r ime~ tal study of the chara :teristics of snoo th burning

of the liquid atosized fuel was conducted during the installation

whose schematic was represented in Fig. 2. &ir with temperature

t1 . +10 • 20~ through the throttle plate was fed along duct to

stabil4zsr 1. P1.1./propellant (kerosene tS—1) with teaperature

t., - proceeded to the injector through needle valve/gate 5.

The combustio; of fuel—air mixture occurred in the atiosphere.

Page 101.

The types of the stabi lizers being investigated ire r e p r e s e n t e~l

ii~ Fig. 3. Inject ors in stabilizers the :en t r ifugal , si ng le—channe l

with di ame ter nozzles of sprayer d~ = 0,75 
~~~~

. v

The experimental procedure consisted of followjnj. After the

inflammation of mixture from the extraneous f la me j et was establ ished

the assig ned a i r—pressur e  d i f ferent ia l  on stabilizer t~ P 1 Dy gradual

decrease or incret se in fuel consumption with the aid of needle valve

was achiev ed the conditions/mode of the extinction of flam e in

stabilizer. The air speed in the opening/apertures of stabilizers

varied in the ran;e V~,= 0—100 mfs, wh ich corres pon ds to the speed

range of air in opening/a pertures and slots of front

i
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equipment/devices of the combustion-chamber linings of 3T0. The flow

ra te of a i r  wa s measure d with the aid of gra duated d ia phra gm, the

fuel consumption it was determined from the discharge characteristic

of injector.
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0
.

1~~~~~~ /II

Fig. 2. Measuring circuit on installation. 1 — stabilizer; 2 —
in jectcr ; 3 — grad uated diaphragm; 4 — the throttle plate; 5 - needle
valve/gate ; 6 — the s t op  cock.

Key: (1) . Air. (2) . fuel.

Page 102.

A jump/drop in the pressure fuel/propellant on injector t~P7 was

located through piezoseter through the value of the coln.ui of

kerosene in piezometer relative to the axis of inja:t r. For the S

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~•• ~~~~~~~~~~ •
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analysis of aerod p ’namic f low pattern, was conducted the measurement

of velocity fields in the section/shear of stabilizer wi ta the aid of

total pressure tube.

Results and analysis of experimental data.

On a stabilizer of the type A , was :onducted the investigation

of the effect of the supply of air in se:tion Il—Il aid ILL—Ill on

the ch~ara:teristi: of “lean” flameout. in initial version the

stabilizer was made with the annular slot with a heiget/altitud e of I

mm in section 1V— 1V , in the remaining sect ions of opening/aperture

for the su pply of air , they were absent. The study of combustion

stability was conducted in the small speed range of air in

opening/apertures 5~ =40—6O m’s, that somewhat impedes the analysis of

de pen&.mc. c~~, =5(W0) but it permits to evaluate  the effect of the

charaat.r of the supply of air over the length of sta itizer on the

absolute value of the excess air ratio during flameout.

- • __________________________
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- (~
)

Fig. 3. Types of stabilizers.

Key: (1) . SlOt . ( 2 ) .  Type . (3) . blades.

Pa ge 103 .

During~ the decrease of the  fuel consumpt i on , the  comb istion zone was

reduced along the length and approached a~ end/ face of s tabil izer,

the extinction of f l ame  occurred within stabilizer. The measurement

of velocity field; shoved that in stabilizer is formed the zone of

circulzation fi because of the ejection of air in stabilizer by the • 1

annula r jet, whici escape/ensues from slot (Fig. s~. Fuel  combustion

in preflam eout conditions/modes occurred in the zone of circulation .

L’r •~~J L•. . . - -
~~~~~~
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c~#g~’ot -j r ~~ ~~~~ if

~~~\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-,• ~~~ ~~ 5

(i~ i?a..’~ ~~~~~-~“e~ ~~~~~~~~~~ i-I

,.,

‘\ (ma’L’najarn~~~o d??L6~Q

• •
~ F iq. ~~. ~~chaaia. of the stabilization of flame in stabilizers.

key ’: ~1). telocity field in cross sect . ( 2) .  a/s. (3). Stabilizers of

ty pe ~A “and 1. (iI). Stabilizer of type C.

Page 104.

Observation of the character of the discharge of fuel/propellant

behind blast nozzle under t h e  cond itions of f]ameout shove d that the

injector d oes not virtually spatter fuel/propellant with jump/d rops

- 
•
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iq pressure A~~ 4 0 1  • 10~ 1/i’ and fuel/propellant esce pa/ensues

from stabiLts.r by separate stveams. For an improve.ent in the

quality of fuel atomization in preseparatiop conditioi s/modes at the

reet of fuel flame in section lI—Il, arrange/located at a distance of

3 mm fro. blast ri zzle, was conducted the air through 5 tangential

opsei~Wapertures with a diameter of 1.5 mm . The ez~ess a i r  ra tio

~~~~~~ d.rimg disrupt ion/separat ion increased from 0.35 to 0.9 (Fig. 5).

For a more e f fec t ive  effect  on fuel  f lame in section Il- Il , were ma de

6 radial opening,’a pertvres wi th  a diameter of 2 mm wh i c h  in

oomparison with ta ngential ones ha ve the large depth f pe netration

of air jets. The i uantity of air, ap plied at the root of fue l  flame,

in creased 2 times.

~
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N

ai Iat . .
— LLLi ~jo 1t~

Pig. S. Characteristics of “lean” flameout in a stab iL i ze r  of the

ty pe A.

key’: ~1). Cony . Plameout . (2). Section. (3) . a/s.

Page 105.

As a result of the supply of the air through radial

opening/apertures, the excess air ratio of fla meout iacrensed 2.5

times ( d~ -2 ,0). Consequently, the quantity of air, applied at

the root of fiel. fin.. , has consid erable effec t on the range of
• s•eotk burning of the liquid atomized fuel. The consideration of

- ‘-~~~~~~ 

- • - - . .•• •.-.--- --



-, -- --.— --- -
~
-• ~

---•
~~~~~~~~

j •
~
--

~~’ ~~~~~~~ 7~~ ~~~~~~~~ ~~~
I 

_

~~~~~

-- - - - -  

.-•-

DOC = 7820*1101 PAGE 14

dependences for a stabilizer of the type  A shows tha t w i th  an

increase in the air speed in opening/apertures the excess air ratio

during flameout decreases, that permits us the conditions~mo de of

disruption/separation to relate to stability region C*, i.e., the

process of combustion in preseparation coii ditionsfeode is limited by

the process of evaporating the drops of f u e l/propellait. The supp ly

of air in section Ill—Ill, arrange/located at a distance of 10 mm

fr om blast noZzle, does not affect characteristic ~~~~~1, =j (W,) in the

ra qge of air speed s W~ =*0—50 mIs, but it prevent. decre ase ~~~ durin g

iqcrease W 0 (Pig. 5). It is possible tq assume that in this case

appears the supple .entary zone of circulation I, which is form ed

because of the ejection of air by central jets (Fig. 4). The zone of

circul ation M can serve as the supplementary source of the

stabilization of flame and contribute to more rapid evaporation of

the  drops of fuel, providing the transition of the coali t ions/modes

of flameou t from stability region C* into region BS, there ~~~ it

does not depend on V,,.

More detailed study of the ef fect of the characte r of the su pply

of air along the length of fuel flame on the range of smooth burning

was conducted on a sta bil izer of the type B, in this case, the air

speed in opening/a pertures changed in the range W0=’e0-9D ./s.

Investigation was conducted on three separate stabilig ers. Combustion

in pr.sepn ration conditions/modes occurs in the zone of circulation ~

• 
-

. • . .  .——--—--- 
-•---- 
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C

(Pig. 1$) and in a stabilizer of the type A. During the investigation

of the effect of a quantity of spattering air on the re~ ion of stable

combustion, the air was fed through the annular slot of different

height/alt itude in the end/face of blast ;ozzle. The r esu l t s  of

iijvestigation are represented in Fig. 6. For the analy sis of the

effect of a quantity of spattering air on the characteristic of

“lean” flameou t on Fig. 7 are constructed dependences

c~~=J ( ~ =~$a_) with 50=const. From the •zamination of Pig. 7, it is

evid.* that there has an optimum value uf the relativ, area of slot

in the end/face of the injector FK~~ O,45 .
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PIg. 8. Wegioi~s of smoot h burn ing in stabiliz ers of tip . ‘B “and C.

key: (1). De signat ion. (2) . Section. (3). “Rich”

disruption/separation. (Is). Stabilizer. (5) . a/s.
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_ _ _ _ _
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rig. 1. De pendence of excess air ratio during “lean” flameou t in

stabilizer of type B on quantity of spattering air.

Key: ~1). Designation. (2) . Section. (3) . n/s.

Page 107.

C~~sequently, a considerable increase in the  quant it y of spattering

air ~~~~~~~ leads to decreace ~~~ an d to the con tract ion of an

entire field of smooth burn ing, wh ich is explained by  the prevai l ing

effect of the retention time of mixture in stabilizer in comparison

with an improvement in the quality of fue l atomizatioi. The effect of

the quality of fuel atomization’ by injector on combustion stability

is also confirmed by the results of experiment (Pig. 9). When making 
S

a small scratch (d=0. 1 mm ) on the nozzle of injector nozzle fuel cone

becomes asymmetric relative to the axis of stabilizer, which 1eads to

the impoverishment of fuel-air mixture in the place of the deviation

of fuel flame fros the wall of stabilizer and as consequence - to

• early flameout. Figure 9 depicts to the region of smooth burning in

stabilizer during a change in the quantity of air, appl iel thr ough

ce;tral opening/apertures in section Il—Il. With an i~crease in the

qu antity of air, supplied through central opening,’apertires, occurs

the ~~ntractiou of the region of smooth burning, wh ica , po ssib ly,  is

ooqnectad with th. decrease of the retention time of fuel- air mixture

La stabili ser.

-

~

—- — 
~~
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~~z~ *_#.. ~~ 
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V~ Icek

Pig. 8. Effect os the characteristic of ‘lean ” flameon t in a

stabilizer of th~ type B of the quality f fuel atomiz ation by

injectcr.

Key’: (1). Designation. (2). Section. (3) . a/s.

Page 108.

It should be notel that a stabilizer of the type B made it possible

to obtain smooth b urning at the values of a jump/drop in the pressure

fuel/prope llant AP7 =~ O I/n’, i.e., virtua lly before the comple te

failure of fuel. I stabilizer of the ty pe B can be used in combustion

chambers, to which are presented the requirements of the provision

for smooth burning when ~~~~ 100

The study of the effect of the premixing of fuel~ propellant with

A. —. — S 
— - — S
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air on the charact eristic of “lean” flameout was carried out on a

stabilizer of the type C whose design concept was represented in Fig.

3. The premizing of fuel/propellant with air makes it pos3ible to

obtain goo d fuel atomization with insignificant jump/I rops in the

pressure fuel/propellant. An increase in the air speed in the range

W~z50— 100 n/s does not virtually change the value of the excess air

ratio duri ng “lea i ” flameou t (Fig. 6). The aerodynamic investigation

of flow pattern shows that in stab ilizer is formed tw zones of

circulation M and L, the zone of circulat ion N bein g cir cu lar  vortex

pair. During the lecrease of the fuel consumption, occurs the

extinction of fla.e at first in the zone of circulation L, and then

iq the zone of circulation N.

—-~~~~~--~~~~
- -

~~~~~~
-
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rig. 9. legion of smooth burning in a stskiliz•r of the type B.

Key: (1). Designation. (2). Section. (3). “Rich”

disruption/separat ion. (4) . a/s.

Page 109.

The best s t ab i l i z ing  abil i t y of the zone of circulat ion N is

explained by the h igh size/dimensions of zone and the p ssibility of

the closing/ shorting of f lame f ront  on the ring of edd y~ vortex .

We analyze th oroughly the form of dependence c~~~~J(W,) for a

stabilizer of the type C. In work (2) was cond ucted ti, study of the

mechani ism of combu st ion a f te r  screens at a i r  speed 20 -140 ./s , when

fuel/propellant  was introduced wit h t he  a id  of the swi r l  in jec tor  

~~~~~~~~~~~~~~~~~ 
S
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into wake a f t e r  s:reen. E x p e r i m e n t s  showed that  the  s i ze/ d imens ions

of flame jet weakl y depend on the speed of a i r f low, v i i ;h  serves as

the conf i rma tion of  the  mechanism of m ic rod i f fu s ib l e  t u r b u l e n t

com b ust ion , i.e., occurs the d i f fu s ion  combust ion  of s m a l l  vo lumes  of

fuel/propellant ii vapor ph ase, distributed in airflow . During an

increase in th e  ve locit y of ai r f l o w , occurs the t r an s i t i o n  of the

process of microdiffusible combust ion int o kinetic relion, i.e.,

combustion period will be determined not by the time of mixing , but

chemical reaction time. D. A. Franck—Kamenetskiy ident ifies the

transition of comoustion into kinetic region with flaieout . During

the  s tudy of combust ion s tab i l i ty  in a s tabi l izer of t h e  t ype  C, the

size /dime n sions of combustion zone in p re f l ameou t  con~ it ions/modes

did not v i r t u a l l y  change  d u r i n g  an increase in the air speed .  D u r i n g

• the decrease of the fuel consumpt ion , the color of f l a m e  va r i ed  f rom

yellow to azure. The azure color of flame during combustion in

preseparat ion cond itions/ mode attests to the fact that oc~ urs the

• S~ comb ustion of vaporous fuel/propellant , but not the drops which

during combustion color flame the yell ow. Thus, the color of flame

and the char acter of dependence 
~~ 

serve a s  the

confirmation of tie fact that in stabilit y region 8* in preseparation

condi t ions/m ode o:curs the process of m i c r o d i f f u s i ble  combust ion .

D ur ing  the st udy of a s tabi l izer  of t h e  t y p e  B , a lso was

observed the azure color of flame during comb ustion iu preseparation

______  ______________________________________ - . 
~~~~~~—
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condit ions /mode , b ut the  character of dependence cc~ =J (v10) can be

attributed to stability region C*. since the  excess a i r  rat io  dur ing

“lean” fla meout decreased with an increase in the air speed. rhe

compar ison of the region of smooth burning in stabilizer with the

region of smooth b urn ing of unifor m mixture, undertaken from work [3]

(Fig. 10) , indicat es the great similarity of the re ; ian s  f smooth

bu rning on i t s  geometry.

Pa4e 110.

It is possible to assume that in a stabilizer of the t y p e  B the

flameout is given rise to by the transition of the pr~~ ess of

microd i f fusible  combustion into kinetic combustion , whic h serves as

the confirmation of D. A. Franck—Kamenetskiy ’s hypothe sis.

~~ •L~~~~~J - 
- - --_________
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Fig. 10. Com parison of the region of smooth burning in a stabilizer

of the t y p e  B wi th  the region of smooth b u r n i n g  of u n i f rm m i x t u r e .

Kel: (1). Uniform mixture. (2). Heterogeneous mixture. (3)

Designation. (SI). Type of stab. (5). Section. ~6). kg/cm
Z. (7) .

sphere. (8). cone. (9). Gasoline. (10). m/s .
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SPECIAL FEATURES )F GAS— DYNAMIC (JET) STABILIZATION 0! & FLAME IN

FLOW OP A COMBUSTIBLE MIXTURE WITH A HETEROGENEOUS COM POSITION.

I. P. Notylinskiy, V. A. Kosterin , ‘Lu. S. klekseyev.

Are investigated the limits of smooth burning luring the

gas—dynamic stabilization of flame in flow of heterogeneou s in

composition of coibustible mixture.

It is shown , that the parameter, which are de te rm in ing l imits of

the stabilizat ion of flame, is the excess air ratio in the zone of

circulation (zone of return currents).

In combustion chambers, the f eed of fuel/propella n t in to

airflow , as a rule , is cond ucted in  imme lia te  proximit y of f l am e

holders. These for ming in cases combus tible mixture  is h eterogeneou s

in comp osit ion , and  wi th  the  in jec t ion  of liqui d prope l lan t — even on

phase. This substantially complicates the examination of the

— 
S ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S
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processes taki ng place and creates supplementary difficulties in

identification of the parameter, which is determining the limits of

stab le (without flameout) com b ustion in flow.

The limits of the stabilization of flame in trace after the

poorly streamlined body for hetero geneous k~o— phase flows were

examined by V. P. Dunskiy ( 1J .

The thorough analyses of the stabilization of flame on the

poorly streamlined bodies in flow of hetaroqeneous in composition

evapoi~ated comb ustible mixture are carried out by B. ‘. Lebedev.

Page 124.

S In contrast to known works in our experiments, are studied the

special feature/peculiarities of the stabilization of a flame in the

no;uniform flows on the adjustable by the size/dimensions and the

chemical coapGsition jet—edge screens.

The schemati: of experimental installation is represente d in

Fig. 1.

Air wi th compressor was supplied to co•bustion c’amber 1, where

it was preheated before the assigned tempe rature because of the

S- - S —rn
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combustion of certain quant ity of kerosene.

Uniform combistibie mixture was crea ted by the feel of

fu.l/prope lla~ t - kerosene T—1 — into a i r f low th rough

collector/recepta:le 2 , ad jus tab le on suff ic ient  d i s tance  from

experimental section 4. For an improve ment in the mi xin;, was

establ ish/installed mixer 3.

Heterogeneous mixture was obtained during the supplying of the

fuel/propellant through swirl injector 5, adjustable u tbe axis of

duct towards airflow with differen t distapc s (L,=600,350,575 mm ) from

flame holder. Angl e of the atomization of ijiector - )Oi S’ at the

pressure fuel/propellant 140 atm(abs.).

The tem pera tur e of com bustible mictur e  in fron t f the

stabilizer of flam e during tests remainel the constant, e;ual to

973°K. The speed of flow changed in the range 70—150 (/ 3 .  Air of the

stabilizing jet was preheated in a heat exchan ger before temperature

of 520°K. In the •ain line of the supply of this a i r , is

establish/installed the inject or fo~ feed ing kerosene, whic h •akes it
S 

pessible to change the composition of mixture  over a wide r ange

(dur ing tests d.’ — øø 4

Ga s—i~~aa.ic flame holder 6 (Fig. 1) has the foll win; geometric

- - —~ - • —5-
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parameters: the di ameter of tube 22 mm , the width of slot 0.8 mm , the

angle of the blowi ng—in of jet of 135°. samplin g for gas analy sis

from the zone of return currents was conducted through co3led probe

7. Sam ple/tests were analyzed to the carbon—dioxide c ateu t and

oxygen .
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Pig. 1. Installation diagram.

Key: (1). Air which stabilizes jet. (2). Fron compressor. (3).

fuel/propellant. (54). fuel/propellant.

Page 125.

S 

Th, temperature of gases in the zone of return currents was measured

byl the platinu m—pla t inu m—rhod ium t hermocouple with an t e n n a  joint , S

fastensJstrengthenad. to probe 7.

The limits of smooth burnin g were remove/taken in the assigned

condi-bions/mode by of decrease or increase (the “lean’ or “rich”

re gion of combustion) in the feed of fuel/propellant in to flow to

complete flameout after stabilizer. In preseparation conditions/modes

(0.9—0.95 from maximum impoverishment or enrichment) was measured the

temperature and the composition of gas in the zone of return

currents.
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The calculations, carried out accorling to the procedure of K.

N. Yerastov ( 2], show that the injected kerosene for the ~uperatures

accepted an d the s peeds of flow an d the selected distances

evaporates to 75-9.5o/o. The evaluation of the traject . riea of drops

shows that the large/coarse drops (d>60 ~a) do not fall into the zone

of circula tion, but they burn directly in flame front. this gives

grounds with certain approach/approximation to count the combustible 
S

mixture, f lowin g to flam e hol der, to unif orm in phase, but with the 
- 

S

heterogeneous in section composition of mixture. 
S

Results of investigation.

Figure 2 depicts the maximum excess air ratios of un i fo r m and

heterogeneous combustible m ixture dependiqg on the excess air ratio

of jet of constants to tempera ture an d speed of flow an d the constan t

hydrodynam ic param eter

a.

Y -
~~w w

where V, W — jet velocity and flow ;

~P~P~
- d.ssit y of jet and flow .

k -~ 

S ~~~~~~~~~~~~~~~~~~~~~~~~~
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Both for  unif orm ones and heterogeneous ones in com position of

mixtures dur ing the enrichment of the stabilizing jet the limits of

smooth bur ning are shift/sheared into the region of “Lea n” mix tures.

Extreme point s in curves correspond to the left to the limits of S

the stabilization of flame on the jets of pure air. Dun n; the

enrichment of jet by fuel/propellant the curves for different
S 

distances between the injector and the stabilizer (different

S heterogeneities) converge into two points. At these p ints in the

flow of gas af ter preheatin g cham ber, burns only the fuel/propellant, S

supplied to the stabilizing jet.

Page 126.

Flameout is achiev ed by impoverishment or enrichment of the

c.mpo~iition of the •ixture of the stabilizing jet. These, are the

modes of operation of the so—called gas—dynamic precom bust ion

chamber.

The approach/approximation of injector to flame holder displaces

the limits of smoo th burning into region of more than  “Lean ”

iiztures, wh ich is connected with an increase in the het erogeneity of

com bustible mixture in the section of the camera/chanoer.

‘Al
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It is completely obvious that the limits of tha itabilization of

flame , designed by the average/ mea n composition of mix tur e  in

heterogene ou s in com posit ion flows , will depend not on ly on the

distance between injector and flame holder, but also f r o m  the

charao terist ics of injector (angle of atomization , the ;uality of its

prod uct ion) ,  of si ze/dimensions of expe r imen ta l  sect ion , etc.

Ev e r y t h i n g  e n u m e r a t e d  does not make it possible to  obtain

su f f i c ient ly gener al laws d urin g the stuly of the limi ts of

combustioa in het.noq.neous mixtures in the usually alopted

coordinates d~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 -



-~~~ - 
5 SS — -,-- -~~ --S -‘ -.5- S :y

~~~~~~~~~~~~~~~~p~~~~~j .~~~~~~~~~ 

-5-
,, ,

DCC 782045402 PAGE

- • S — - 5 S~ — ~___ - -— 

~~~~~~

~1 • —~~~ ---- S —I— -

• a • • 5 4 P 0 g :0 si

r ig. 2. li mits of the stabilizatio n of the flame: . ~s;o~ w • 115

•/s; o l— L ~~~~~~~~ (unif orm mixture) ; ~~ — ~ 0O mm ; 04 — 350 mm ; eo — 175

m~.

Page 127.

Figure 3 depi cts those measured by the gas anal ysis f t he  field

of the excess air ratios pered , by fla . holder under conlitions ,

close to separatbn ones (Fig. 2), when .. (pure air)

It is evident that combustibl e mixtire in the center of

overenrich .ent and the •ore powerful, than nearer is arrange/l ocated

S injector to stabilizer. Since about stabilizer flows only the part of

the flow near the axi s of d uct, then it is possible to assume that 
S
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the fla meout will be determined from the mid section, but  by the

local ex cess air rat i os in the zone of circulation.

Figur es 4 and 5 depict th e results of the measuremen ts of the S

loca l excess air ratios 
~~~~~~ 

aid of temperatures of gas 730T in the

zone of return curren ts under conditions close to separation o nes

(F ig. 2) .

- S 
~~~~~~~~~~~~~~~~~~~ 5 5 5~~ -
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rig. 3. Fuel distribution before the gas—lynanic (jat-elge) flame 5

hold er in the praseparation condit ions/modes: 1 — unif orm mixture ; 2

— 600.m pressure fuel/propellant 8 and 22 atm (abs.) S

respectively; 3 - ~35O mm pressure fie l/p ropel lant  5 an d  14 .5

at m (abs.)  respectively.
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Fig. I~~ Compositions of m ixture in zone of r e tu rn  c u r r e n ts  (zone of

circulation) under conditions , close to Se p a r a t i o n  ones:

4,, .25,0; W — 115 m/s; O— L — 00 - 600 m m;  -35L) m m; ~
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S 
‘
~ Fig. 5. Te m peratures  of combustion products un der conl ition s, close

to separation ones, in the “lean ” region of the  combuitiou :

~~~~
— 25,0~ ~w — ii5 m/s; 0 — L ~= ~ 

; A — 600 mm; Q — ~5O me an~1 0 - 175 mm.

S 
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Is obtained interesting resul t - wit h the

preservat io n/ r e t e n t i o n/m a i n t a i n i n g  of the constant  h y i r o d y n a m i c

parameter  ~ the flaineout a lways  begins wi th  the c o n s ta n t  excess air

ratio (a nd , correspondingly ,  to the  constant  t e n pe r a tir e  of gases) in

the  zone of return currents regard less of the fact , w i t h  w h a t  degree

S of heterogeneit y the combustible mixture attacks to f L a m e  ho lde r  and

•1 by the m i x t u r e  of what  composition is stabil ized f l ame .  This is

explained by the  fac t  that  at the constan t hydrodyna .i c pa ramete r

the size/dimensions of zone, retu r n  :urren ts ani none of

circulation, and also field of velocities, pressures , t empera tu re s  in 

—
~~~~~~~~~~ ----—— 5----— A
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all preseparation conditions/modes remained in effect constant [3].

Because of th is  t h e  ava i lab le  t ime of the  f low of gas in t h e  zone of

cinculatio n was cons tant , t herefore, was constant  in m a x i m u m

conditions/modes a n d  the eg ua l to it delay time of inflammation ,

depending unambig u ously on the t e m per a t u r e  of the i ; ni t i n;  gases

(c ompositi on of m i x t u r e )  in zone. On the  basis of th is  d u r i n g  the

invest igat ions of the stabil ization of f la me in the flow of u n i f o r m

mixture, the excass a i r  rat io in the zone of c i rculat ion is t aken  as

the de t e rmin ing  parameter  [ U ] .

In uniform fLows [3] the length of the zone of retmrn currents

and diameter are t h e  func t ions  of the d e s ign ( 6 9 , p0, d,)  and regime

e ) par ameter s

Assuming t h a t  in t h e  f irst approx imation, the size /dimensions of the

zone of r e t u r n  cur rents (zone of circulation) s u b s tan t i a l l y  do not

depend on the homogene i ty  of the  composi t ion of m i x t u r e  by the

section before the stabilizer (Which is indirec ly zoafirmed by

comsta nc y 
~~
‘ and r in preseparation cond i t ions/mod3 s  fo r  t h e  f lows

• of unifor,  and het erogeneous m i x t u r e ) , it is possible to selec~~,

also, for heterogeneous in composition flows as the deter.inina

pa rame ter the excess air  rat io in the zone of c irculat ion.

S —- -~~~~-~-~ ~~~~~~~~~ ~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
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How ever , it is n ecessary to note that the considerable

approach/a pprox imat ion  of injector  to f l a m e  holder (less t h a n  175 mm )

leads for t he  selected regime para meters to an  increase  in th e

port ion of the n e -e v a p o r a t e d  fue l/p rope l l an t, which , in  t u r n , ch anges

the limits of smoo th b u r n i n g  a f t e r  f l a m e  holder because of existence

of phases.

Page 130.

S 
For rel iable provision select ed d in the zone of circulation it

is necessary to k n o w , wha t  part  of the fLow before the flame holder

form/shapes this  composit ion in the  zone of c i rculat ion.  In

exper ime nt ! in stable combustion behavior , was suppl ie d to the flow

before the  stabilizer through the cooled probe aqueous solution Nc& C1.

Prom the beg inn ing  o the  dyeing/ colorat ion of the zon e of re turn

curr en ts, was determined the s ign i f i can t  dimension of t h e  region of

fl ow ( the  “tube ” of  flow).

The analys is of the obtained results showed that wita an

increase in the hydrodynanic param eter ~~~~, in the si*e/dimension of

the slot of the blowing— in of the stabilisipq ~et ~~,, ~n d also of

tur bulence level ~ the significant dimension of the •tube ” of flow

increases.

5— 
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The chosen “tube” of the flow before the gas-dynamic flame

holder is conveniently calculated with the aid of coefficient .
~ [4].

titilizing simple dependences, we will obtain

F’ — 
rrt 4 G rv 

+ F ~ -~~— -&- \ (1)m1 ‘ r~J ’

wh er e ~~~~~~~~ — a mixing factor;

~~ry ~ 
quantit y of gas of the flow, ejected by the stabilizing

Grv 
— quantit y of gas of the stabilizing jet;

Lw - weight density and speed of flow;

— area of the tube of gas—dynamic flame holder;

- area of experiment al section;

- mass flow rate of gas through the experimental section ;

- coeff i:ien t, d.p.ndimg on the turbulence leve l of flow and

eqms i to 1— 4.8  in the range ~~~~~~~~ ~ 4 io%~

_ _ _ _  S 5 5~~~~~~~~~~~ SS-- S~~~~~~ ~~~~~~~~~ 55 --~—~~~ - 5- - -



;
r~ 

~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~

5- IiT~TiI: 1TI~ ~~~~~~~~~~~~~~~~~
‘— 

~~~~~ 

-~~~~~ - -‘ ‘—-
~~~~~~ _ _ _ _ _ _ _ _ _

DOC = 782 04402 PAGE

S — valu e f mas s exchange between the zone of ci rcu l at ion

after the poorly streamlined body and the incident flow ’.

FOOTNOT E ~~. In the value of mass exchange, is accumulated at present

considerable experimental material (T. A. Bovina, ~~. Vinterfeld , E.

L. Solokhin , B. A. Silant’yev, etc.). ENDFOOTNOTE.

Page 131.

S The comparison conducted showed that  the ra t io  of the  measured

“tube” of flow to that calculated by formula (1) is close to one

(Fig. 6). Satisfa:tor y agreement is obtained also during the

comparison of the measured excess air rat io ~ in the zone of return
S currents with those designed by the  averages  c~ in t ae “tub e” of

S flow and the known values of mixin g factor $~ and

S Thus, knowin; m~ and the flow of the gas of jet G rv , it is

possible to calculate an area of the “tube ” of flow and a quantity of

gas, ejected from flow.

These investigations mad e it possible to establis h that the

mixing factor i’ conditionally in troduce d for the ca l cu la tion s of

local ones ~ in the aone of circulation , •akes clear physica l

sense.
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There is no doubt that dependence (1) can be utiliz ed for the

calculations of th e stabilizat ion of f lame not only in hete rogeneous

ox~es in com position of mixtur e, but also in heterogeneous ones

accord in g to speed, temperature, degree of contaminatkon and so forth

flows.

Conclusions.

The approach/approximation of a fuel injector to flame holder

(in particular to jet) increases the hetero geneity of fue l

S distribution accor d in g to the section of the camer a/ch amber and

displaces the limits of smooth burning, de signed by ~~ an d into

the region of more than “lean” mix tures.

__________  
- -  

S S_ _ ___ ~~~~~___•~~~~~~
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However, the characteristics of the disruption/separat ion of a S

similar form are not common/ge nera l/total ones, sinc e they inclu de

the characteristics of injector. Therefore for the evaluation of the

stabilization of f lame in heterogeneous in composition of mixture

flow as tha t being determin in g, one should take the excess  air rat io

in the zone of circulation (zone of retur n currents), formin g as a

result of cooperating the part of that encountering heterogeneous in

compo~ ition of f low and jet in the general case of any  var ia ble

composition .

In the case when it is possible to disregard the existence of

phases of com busti ble mix ture a nd to examin e it only n y  hetero geneous

L 
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in composition, selected by that being determining thi excess air

ratio is numericaLly equal to the excess air ratio in preseparation

conditions/modes in the zone of circulation after stabilizer in

uniform on phase and composition of mixture flow.

Ls determined the region of the  flcw before the f l a m e  holder ,

wh ich form s the excess air ra t io  in the  zone  of c i r cu l a t ion, and  is

proposed t he  method of its calculat ion.  S
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STABILIZA TION OF F LANE IN G A S — D Y N A M I C  P RECO N BU STI ON C}I A~ B ER S.  
S

N. Sb. Gilyazov, V. A. Kosterin , F. K. Smorodin.

Are given the results of the experimental investigation of the

stabilization of flame in gas—dynamic precombustion c’ambers in the

f lows  of d i f f e r e n t  speeds and temperatures . Are explained the special

feature/peculiarit ies of the carburetion in  zon e of r ec ip roca l

velocities, Is ma le  an a t t emp t  at the general izat ion of t he  obtained

characteristics. Ls proposed the method of calculation of se para t ion

limits accord ing to the parameters of the incident flo w and jet.

Gas—d ynamic precombustion chamber is equipment/device for

co.busting the liiuid or gaseous fuel in the high-spee d airflow or

mixture of air wit h combustion products. Its name it sas called as a

result of the fact that the zone of circulation, ne:essa ry in

precombustion chamber s for flame stabilization, is f o r m e d as a resu lt

of gas—dynamic  int eraction wit h the c a r ry in g  f low of ;ms  j e t  ( fuel ,

S -~~~~~~~~~ -
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the  oxidizer , for  example , of air or t hei r mizture~ , t h e  suppl ied

fr om housing precombust ion chamber throug h the a n n u l a r  nozzle  across

the main  f l ow .  The schematic of g a s — d y n a m i c  precombust ion chamber is

given in P ig . 1. F uel/propellant for  combustion is suppl ied wi th  the

stabilizin g jet in the atomized and eva porated state r directly into

the zone of circulation through arranged/located here in jector (1].

Gas—dynamic precombustion chambers according to operating

principle are the adjustable combustion chambers. Transverse

size/d imensions th em can be regu lated by a change of feeding

stabilizing gas.

Page 131$. S

Gas—dyna mic precom bustion chambers it is expedient to utilize for 
5

S

heating of gas in a f t e r b u r n ers turbojet  a n d  by p ass engines . They can S

al so be applied as the adjustable camera/chambers f o r  tn e  p rehea t ing

of cold a i r  dun n; the t wo— stage process of combustion .

In th is ar t icle  are given the result s of the ex per imenta l

investigat ion of the stabilization of flame in gas—d ynamic

precombust ion chambers. Ar~i given stalling characteristics with

different size/dimensions of precombustion cha mber in the flows of

different speeds and temperatures. Are explained the special

~~~~~ 
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feature/peculiarities of carburetion in the zone of reciprocal

velocities. Is mad e an attempt at the generalization of tee obtained

charac teristics and development of the method of calci lation of

separation limits.

Investigation was carr ied out on the precombusti n caniber ,

establish/installe d in the flow core of gas in the section/shear of

the duct with a di ameter of 200 mm.

Fuel/propella nt (kerosene) into precombustion c h a m b e r  was

supplied in were heated to 330~ 1O°C compressed air thr ougi the

jet—edge collector/receptacle, arrange/located in the cylindrical

part of the housing of precom b ustion chamber .  Hea t ing  compressed  air

was conducted in heat exchanger. As a result of the fact that into

air was supplied a consider able qu antity of fuel/propellant, for the

best mixin g of fue l/propellan t with air an d increase in the

uniforsity of mixt ure after collector/receptacle was

establish/installed multiturn worm conveyor. Fuel—air mixture

escape/ensued thro ugh the annular slot at angle of 1350 to flow

direct~ion, form in ;  gas cur ta in .

______________ —— S~~ 
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Fig. 1 . Schematic of gas—dynamic precombustion chamber .

Pa ge 135.

Stalling characteristics were remove/taken as follows. At given

speed s, pressures and tem pe ratures  of f low and jet via of e n r i c h m e n t

or leaning—out of mixture of jet, with the 
S

preservatiori/reteition/maintaining of the remaining parameters

co.nstant/invariabl e, was achie ved rich or lean flameout. rhen

precoabustion chamber  was s ta r ted  again.  I n  preseparat ion

conditions/m ode we re measured t he  f low r a t e s  of air of hig h and  low

pr essures and the parameters of flow and jet. Figure 2 ;ives

se para t ion limits according to the exc~~s air ratio in jet c~ of the

constant velocity coefficient cf incident flow .
~~~,
. 0,18, bu t  d i f f er en t

temperatures of flow and hydrodynamic parameters of jet 
~~~~

. ~~~~~~ The

cha rac t e r  of a c h an g e  in the separat ion limit s with ot h arm )~,, (from

L 
- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S - ~~~~~~~~ - 
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0.114 to 0.55) is a nalogous given. From curve/graph it is ev ident  t h a t

the separation boundaries during an increase in the hjdrodynamic

parameter are displaced to the sid e of richer mixtures . W i t h  an

increase in the temperature of flow I~~, on the con tr ar y ,  they are

displaced to the  side of lean mixtures.

_ _  
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pig. 3.. Se paratioc limits according to the excess a i r  r at i o in jet

~~~~~ 
of the velocity coefficient of incident flow ~~ s 0,18

Key: (1). illegible.

Pag e 136.

The mechanism of the s t ab i l i za t ion  of f l am e  on th e  j e t — e d g e  S

screens, t h e  excess air ra t io  of wh ich  is identical o:

i n s i g n i f i c a n t l y  di f fers  fro m the  excess a i r  ra t io  of t h e  in c i d e n t

flow , is studied i n  su f f i c i en t  detai l  t 2 , 3]. In the  f i r s t

approximat ion, it is possible to count that in gas—dyn amic

precombustion chamber the mechanism of the stabilization of the flame

in principle of the same.

L~~~~~
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aowe ver , an essent ia l  d i f f e r ence  between in the jet and

flow in t he  case of ga s—dynamic  precomb ustion chamber  iatc~~duces in to

the mechanism of t he  s tabi l iza t ion of f l a m e  a series of specia l

fea tu re/pecu l i a r i t ies . For example , the t e m per a t u r e  of t he  gases ,

wh ich ignite fresh m i x t ur e , is det ermined by the  local ~om position of

mix tu re , t h a t  are formed with  the  d i f f u s i o n  mix ing of t he  jet , which

co ntains a large g u a n t i t y  of fue l/ propel lant  (evaporat e d  a n d

S ne—evaporated)  , wi th  f low.

For the  calculation of the local impqrtance of the excess air

ra t io  in the  zone of mixi ng ~~~ in work CII ] is introdi ced coefficient

m a ,  equal to the  ra t io/re la t ion of the weight  quan t i t y  of m i x t u r e ,

ejected by jet from flow the weight of gas of jet G~ 
S

W ork [ 5 1  e x p e r i m e n t a l l y  shows , tha t  ejected by jet and the

entering the  z L n a  of m i x i n g  q u a n t i t y  of gas 
~~ 

from the  incident

f low enter s f ro m t h e  t ube  of f low with diamete r ~~~~~~~ gas , which

4 takes place out of tube , does not fal l  in to  t he  zone of mix ing  and

does not p~~~t i c i pat e  in sha pin g of loca l on es ~~. in t h e  zone  of

reciprocal velocities. 
S~

S

The com pariso n of t he  areas of tube; of f low be fo re  s t a b i l i z e r s

4
- 

j



_~~~~~~~~~~~~ - -—-- ~~~~~~~~~~~~~~~~ ‘
~~~~~~~

_
~~~7~ 7~~~~ ~~~~~~~~~~~ __________

DOC 782014403 PAGE

with the a reas of the cupolas of gas—dynamic stabilizers or

precomb ustion chambers in flows with approximately identical

t u rbu len t  char a cteristics shoved tha t the ratio/rela ti on s

IFDm4
- —  _ _ _ _

F — P ~~~K CT

5 
re main  cons tan ts  wi th  di f ferent  ones ~ ~~~ 

T~,, (Fig. 3). Here 
—

diameter of cupola wi thout  combust ion .

This result c a n  be used for the  constr ~uction of t h e  s impl i fi ed

method of the calculation of mixing f ac to r s  m 1, and c on s e g u e n t l y ,

lecal ~~. in the zone of the  reciprocal veloci ties  in p r e c ombus t i on

chambers in the parameters  of the inciden t flow and j e t .

Page 137.

f i x i n g  factor

a , ct &

~ ~ , fr~D ~1 — - ~~f
-~ - ~~~~~~~~~~~~~~~~~~~~~~~ 

~.) = - _~~~~~~~~ 
I’llre~1 - G 

~~ 

— 

~~ 
..~ J°v ‘4, ‘s).~ E~•

The d iameter  of cupola is calculated f ro m the par ameters  of t he

incident f low and j .t t 6 )
— O,L,9

D K — d
O

+ K
I

&
O S V  ~~npi~ fr , — 135°; ~ . 16,0.

Key: C l )  . with.
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A f t e r  substit ut ion D K and  simple coqversions, we w i l l  ob ta in

rn ~~~~~~~~~~~~~~~~~ ~~~~~j~o3~~”)f 
d 1 

~- 

T~~
(t()

~ )R~ 1.
~~ 

4j~~,d, [
~~ (d,+ & ,~~~ j~ ~

Expression for  m 1 is analogous wit h t he  dependence , obta ined  by T. B.

Palatnik and D. Zi. Temirbaev [7).

The excess a i r  r a t io  in  the  zone of reciprocal veloci t ies  is

calculated f rom k n o w n  f o r m u l a  ( 3 ]

0 rn, (i+— w--~--)*(1+ EL .)

1 - j
~~
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S Fig. l~ . Generalized dependence of separatios limits of gas-dynamic

preco.bustion chambers.

Page 139.
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In Fig. ‘4 limits of the stabilizatio’4 of the flame of

ga s—d y na mic precom b ustion chambers , ob tained  at d i f f e r ent

tempe ratures, vel cities of inc ident  f low and in h y d r o dy n am i c

parame ters, are generalized in the form of dependence [8]

S 
w

L P  T”1 J ’  ~$ W W

The length of the zone of reciprocal. vsloeities was ca lcuieterl from

the formulas  of wo rk [6].

Both “lean ” an d  “r ich” of the b ounda ry  of b r eak a i ay  of f l a m e

sat isfactor i ly  the y are generalized in the  adopted co r li s at e s  (P ig.  S

4) .

Utili zing the obtained generalized dependence and the proposed

pr ocedur e of calculation of compositions , wer e designed separat ion
S limits by c~ (solid lines in Fig. 2). Calculated curves will agree

sufficiently veil with the dat a of experiments.

Coflc iuaions.

1. Cond i~~ted experimental investigation of limit; of smooth

bu rning of gas— dynamic precombustion chambers.

2. Obtained analytical expression for calculation of mixing

S s 5
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factor in parameters of incide nt f l o w  and jet.

3. Is g ive n ge n e r a l i z a t i o n  of se p a r it i o n  l imi ts  )f g a s — d y n a m i c

precombust ion chambers from parameter

W OCT

t p  T t ~~~~~~~~~~
1Y’

~
’

3
3 w ‘w

REflRRN C !S

1. 3 a c v a ~ a 0. K . ,  IC 0 0 ? 6 p H H B. A.. H ~.P. Cno—
cod cTa6~ JT~t8aL~ t14 801W ~

)
~ 6HHH a za~epa.x rOpeiw~ nos~~’uiuo-.peaic—

THHIItIX AbHZ’a-rejjufl. ABTC~~CK00 C8KJ10?OJ1bCT8O 1 131162. BnnneToub
iIaOdpOTCHIII ~ )M~4ToT a 110 ~oJzaI~ waodpeTouxa fl oTxpum fl npIi
(5
~I CC(~~, 1960, )~ 16.

2.K o c T e p H U  B. A . , I u c u a~~y~~ i~w w  A. FI. Hc—
S c~e~Qoba!iHe ~~~xawi~~uU cTathtILHHa~~1x fl &~eul4 Ha ra HaL~rt~oclua

eapanax. 41i~Y3, “A.bItaw1c~,HaH ~~~~txU ”, 1967 , m e ~ mdl.
8. It 0 0 T a p ~ ~ B. A. n ~~~~. CTu6~iJ~ Hat~ta rnIa~e~n~ HaCrpy~x H H0H0?C~W0 801]~ OC~ H~lDeHc ~1Eau~m( ropeH1~ ci~ece~ ~

noroKo.~.pB, v.5, 1 3, 1969.
4. IC ~ c ~ a p H H B. A. H sip. 0~ u~e~-mo atccncp~uel~m~t~_

HtLK z~arnnix no npe.j~ena~1 CTH HJIH8aI 4l~tM wiai~e,m iia crpy~X. MBY3,
La aL~~okn~ad T exFo(Ra ” , 1968, 1 3.

5 . MO T u ~~~u u C K H ~~ 11. fl., K o c T e p & i u  B. A .,
A ii e K c a a a 11. C. Oco~oioioc~ raao na~i14ecxofl (cvp y~..
Hofl ) CT HJU!~aL~tH fl11a~0HH B 11OT0~0 HeoJu1opo~Hon (no coc~a~y)
roplotlofl c’iuc~i. T’pyj~u }CA}I (Hocr0 ~u~~ cdop~ i~ ) . -

6 . K o c v a p H H B . A . , X H c , . 4 a r y J 1 ,~ ’~~H A. fi.
S Bn~t~nHe yrila B~~ri~a Ha ra~og~nIa1s1u1-y HeepHux c rpy~ H CHO (~ U8~I

flOTOl (0. Thy.’w KA~t , aun.101, 1968.
S 7 . f l a , l a T H i ix ~1.L , T e M H p 6 a e B j ~.E .

K pacwei’y TpacKTcp Ha OCe c4Mh4~ TpHc~Hoa CTpy~1 a c:-iocsw~c~ I1OTORe .
Te~~Ha H ll~ Ui~THR8 tra~ni~1 raaa , 1~ 4, 1958.8.

~~~
p H i

~
M a H

~~~
. A. ,

~~~
e H H e T B . , U B H K

weHeuHe peHynbraToa Hay4Hux HceJ~e.~oBaHHfl no aonpoca~ rcpe~ z
x padom flpflMoro4In~x j  trarej iea. Bonpocu ropeH~~ H

S 01110CC BO.flH. qemeprHlI CHU11O3I~y)J (Ho~~yuapoJuiu1l) no aonpocaw
rq eiuix w To 1Iawj~ Iuta ao,n . U . ,  OdopoHr.1s, 1958.

-. - - —- -: 
~~~~



:! L~ — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

DOC x 78204403 PAGE

Received 20 April, 1970.

4

________ S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -‘-.------ — —



r~ ~~~~~~~~ 
“ 

— - - - - 5 — - -  — - ~~~~~~~~~~~~~~~~ ~4~ 7
— 5 - -- --— -

DOC = 7820141404 PAG E

Page 141.

CALCULATION 0? COMBUSTION CHAMB ER WITH FLAME HOLDERS .

V. A. Kosterin , B. A. Rogozhin , V. T. Dudk in .

S Is presented the met hod of calcu lation of direct-flow combustion

chamber t a k i n g  i n t o  ac count the  f l a m e  holders of d i f f e r e n t  types

~oorly streamlined and jet—edge).

Ire given examples  of ca lculation and coaça rison wi th  the

results of experiment.

Beat supply t o  the  dri vi n g/m oving gas in flow , b~ limitation by

walls, is typical for the combustion chambers of the iir— reathing

and compound engiies.

Parameters of f l o w  at the ent rance  i n t o  the  camer a/chamber and

its transv erse size/dimensions are def ined during th e  c i l cu la t i o n  of

the opt imum thrust and economic engine characterist ic ;  t ak i n g  into

-— - -5-  _ _S S
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account its •ake—up  on f l ight  vehicle and are assigned is in i t ia l

data for calculati on and planning.

In to  the tasc of ca lcula t ion, enters the determi~ ation of the

pesition of flame edges , change in the pressure , t e m p e r a t u r e , speed

and combustion eff iciency of fuel/propellant along th~ length of the

ca mera/cha mber .

Question wite the position of flame front in the d r i v i n g / m o v i n g

fl ow in pipe of constant  cross—sectio n dur ing  ignit ion f rom point

so urce was examined  in works [ 1—5]. it was assumed th a t the  fresh

mixture and combustion prod ucts are divided infinitely vit h the

f ine/ th i n f l ame front, in which abruptly are changed the parameters

of gas.

Pa ge 142 .

For the f ina l  width  of t he  zone of combust ion , ch a ra ct e r is t ic  S

for real combustion chambers, the most comple te and precise

mathematical solution is obtained by A . V. Talantov [
~ , 7].

Analogously this game problem solves K. P. Vlasov. [8]. Difference,

in essence , consi3ts in the selection of the conditi on , closing

so lution f o r the calculation of t he  wid th  of combust ion zone.

_ -
~ 
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All the a vailable calculation methods are carried out for

comb ustion cham ber s w ith point source of ignition. In real combustion

chambers, for example, in ramjets and TRDP [ jp~~ - turbojet engine

with after burner ), the degree of blanket by flame hollers reaches

40-500/0.

Ln the set—fort h method is considered the presence in the

combustion chamber of flame holders and their effect n combustion

characteristics.

sy in vestigations in the in tens i ty  of t u rbu lence  du r ing  S

interact io n of the car ry ing  flow with mechani ca l an l  jet—edge flame

holde rs [ 9 )  it is establish/installed, tha t  the  in tens it y of

turbulence in trace after flame holders reaches 40—103o/o. In the

re main ing  region of the  camera/ chamber , is retained t irbu lence  of

incide nt f l o w  (5— 100/0) . With  this sharp d i f fe rence  to turbulence

levels and the me~ hanism s of combustion in different regions ,

probably, will be different (10]. In connection w i t h  t h i s  the S

mix tu re , which ent ers the camera/c ha mber , it is exped ien t  to b reak on

t~ o pacts.. One par t of the mixt ure with composition , in the general

case diffe rent fro m the com position of the main flow , bu rns in

“tebe”, (including and the high—temperature tu rbu len t  zone

circulation), in t race a f te r  stabilizer it is calcu l ated f r o m  the

egeations of chemical kinet ics [11 , 12]. Another part of the mixture

‘!~~~~~~‘9v.~ - ~~~~~~~~~~~~~~~~~ —— - S S ____________________ — 
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burn s in “annular channel” around “tube” and is calculated from the

eq uations of gas d ynamics and combustion in the turbulent flow ,

analogous in work (61.

The separa t io n of f l o w  on two par t s  is conducted on t h e  basis of

the  research of gas dy namics of in teract ion f lame ho l l e r  w i t h  f low

(13].

Let us exami~ e charac te r i s t ic  for  engines  cy l i nd r i ca l  combust ion

chamb er. S

Page 143.

Besides the adopted assumptions in works (6, 7] about the

un~di.ensionality of the incident flow at the entrance int~ t he

com bus tion zone a~ d flow of the products of the complete combustion

and about  the con s tancy  of static pressur e over the cr oss section of

the camera/chamber , are accepted still following:

1. The combustion of mixture occur/flow/lasts in the

ne—communj cat .d  channe l s .

2. In cen tral “tube” m i x t u r e  burns  behin d flame front,

perpendicular to i ris of camera/ch amber . This flame fron t is

— - S - -________________ - 5— — --—-— —--5  _5~5 
~~~ -
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arrange/located in the section of the blowing—in of the stabilizing

jet or in the section/shear of mechanical stabilizer .

In Figc. 1 , 2 represented the schematic ot flow after jet-edge

flame holder and the design diagram of tae camera/chamber. In the

kn ow n parameters of gas flow in section 0— 0 for calcuLati on , it is

necessary to know the parameters of gas in section 1— 1 .

The dia meter of “tube ” in zone is taken equal to the diameter of

the zone of circulation. For jet—edge flame holders, it can be

calculated by the formulas:

(~ )
D1~ D~~=o,78 + np~ p,. 135°;

Key: ~1) . w i t h

DTp~~ D3~ = 0,78- &( -~ + 12 q~~’9)- &‘°‘ 
(
fl~ j~~
,
_ 900.

Key: Cl) . with.

- - 

- 

I 

-

r ‘
~1
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Pig. 1. Schematic of flow.

Fig. 2. Desiq* dia gram.

Pa ge 11411.

Here d0 — diameter of the tube of jet—edge stabilizer;

b0 — size/dilensiOft of slot for the blowing—in of gas;

— angle of the blowing—in of gas;

rat io/relation of velocity heads of jet and flow;
y J ~~W S

S S~~~ 
- -5- -  

_ _ _ _ _  
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HO I
~~~~~~~~f• . degree of preheating .

A quantity of gas , passing through the “tube”, is determined

from mixing factor a1 for jet—edge stabilizers [111]. It is assumed

that entire gas of jet and ejected by the m gas f r o m  t h e  p a r t  of the

incident flow by size/dimension D~~ they occur/flow/list through the

“tube”

Gr G ~~~TPw 
r~ I

Grip G r~(rn 1+1),

where 6 — a quantity of gas , s u p p lied by the stabilizing jet .r~

In work [141 it is noted that the mixing factor m~ depend s in

essence on the angle of the blowing— in of jet and little it changes

over a wid e range of a change of the regime and design parameters in

combustion chamber . On the average it is possible to iccept for

~L o =6 0°—m * =2.5; ~~=90° — m 1 = 14.5;

= 135~ — = 6.5.

Pag e 145.
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During  the st a bi l izat ion of f lame on the jets, the excess air

ra t io  of which dif fe rs  f r o m  the  excess air rat io in f low ~~~~~~~ ~n

“tube” it is form/shaped mixture wit h certain Maverage N c~(~~ •Th e 
S

excess air ratio in this case is determined by the excess air ratios 
S

in jet and in f low , and also b y coefficiert m1:

rr~1(j t L ) + ( 1 + 6 J~~.)
TP I

ci~~~ ck’~L.J ci~~ ~~~L

Thus, knovin~ coefficient •j can be d etermined 6rT, ’ G r TP ‘ ~‘TP

and by the e qU a t i on  of continuity the diameter

D =~I 4m 1 G ry cia.
TP w V I!1~ ~~

where ~, and W~ - specific g r a v i t y/weigh t and gas veloc it y in t he

incident flow.

For fla me holders in the form of the poorly streamlined bodies,

we t a k e

DTP = D3~

S 
Coeff icient K 2 is the f u nc t ion  of si z e/ dimension and f o r m  of

stabi l izer , degree of b l anke t .  For s tabi l izers in t he  f o r m  of cone

with apex angles of 30— 60° and degree of b lanket 1O—3 )o/o, it is

JiT _ --~~~~~~~ --
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possible to accept K2= 1..30—1_22 [13]

.D
TP =

Coefficient K3 is the function of the sam e parameters, as K2. We take

K 3 0 .8—1 . 0.

From know n on es D T and ~ are determined the parameters of gas
w

f low in  section 1- 1.

The combus t io n e f f i c i e n c y  of fue l/propel lan t  in “t ib e ” is

calculated from t~ e equation of chemical  reaction ra te  C15)

E
dC, ~‘ -e

Page 1146.

A f t e r  a series of con versions , calculated equation fo: second-order

reactLon(r~~)+j.~.2)a ad half—angle of the expansion/disclosure of the

flame from t of 90’ (c=ctg 900=0) will take form [11 , 12]

- - 
5 5 5 5 S SS_5__ ~S -~~~

- i -
~~

--: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 5_ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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wh te —“
~~~~~~

-- the  first criter ion of similarity of Daukohier (12];
t xu .p4 .5

Z- —--~ --- — axial nondimensional distance.
1
~TP~

S 

Approximately criterion a can be es t imated accori in g to the

equation

a~ 
~~~~~~~~~~~ 5~~~~~~~

•
•~~~~~~~~~ 3

• e~~~~~t P&  M~1’~R T ,(d~L0 * 1)

where K — a constant;  it is accepted equa l to 1.14.108 m 3/s .kg

a, L~ 
— exces s air ratio and stoichiometric coefficient ;

T 1, P 1 — init ial temperature  and presswre;

0, R 1 — gas const ants;

L
K

(Dl,) — len gt h (or d iameter)  of combust ion c h a m b e r  (“tube ”) ;

RT~- -  ~~~~~~~~~~~ — cond itiona l temp erature , at w h i c h  b u r n s  the

belk of fuel/propellant (15];

E — activati)D energy;

— 
~~~~~~~~~~~~~~~~~~~~~~
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— average speed of the iotion of mixture alon g “tube”.

S K nowing combustion efficiency , it is possible to ca lc u late
S speed , tem pe rature and pressure gas along the length of cylindrica l

“tube” according t o  know n from gas dynamics  metho~ts ( f o r  examp le
[16))..

Page 147.

For the calculation of the parameters in “annular cha nnel” we

utilize the following equations:

1.. Th. equation of conservation of sass f~z en tice flow

~.w~(F0 - ~~~~~~~ 
Wc ( F~)+J j ~ W~~ ~~W

fl
(F

ft
— f ) ,  (1)

vbsr. F, — combustion chamber area;

- total sectional area of the flow of the products of
c~ abustj a~ , z•ne of combustion of “tube ”;

F,, —
, total sectional area of coibu~tion products and “tube ” ;

~~ sectional area of “tube”.
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Here and subsequently index 0 is related to th3 parameters in

the un distur bed fl ow, I — to the para meters of the section where  is
form ed fla me fron t, C — fresh mixt ure, P — combustion products, rR —

tube .

In order to p resent equation s in mor e convenient dimensionless

fo rm, let us introduce the following designations: S

u = - ‘C a = - — f r =

For that, in order to equation (1) and  fo l lowing,  int o w h i c h

en ter the integrals, they became algebraic ones, we consider the laws

5 
of a bhange in the speed and tempe rature in zone the known ones

u
~~
..-

~~~~=.f (?) ~1nd

.5 _______________ - The real law of a change in these values is complex

[7, 8] and has characteristic for the turbulent flames S - f i g u r a t i v e

form . With its sufficient accuracy can be approximated as linear

relatively Q

Pa ge 148.

Speed and temperature for this case will be written [7]

____________ -.5 ~~~~~~~~~~~ — . 5-  -— -~~~ 
.5
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A ,— r ~~~ u~~~~~(A~—~),

where

‘c,,’Z~ ~~~~~~~~~~ 
AA, — ~ U,, U~

After the con versions and the solution of integral, we will

obtain the final form of equation (1)

i_ rj~~~=~~
7

~ u~(i~~’f) + - ~~ u~ (~~~
—

~l
t

)+ast ~~~~~~~~~~~~~~~ x

~~~~~~~~~~~~~~~~~~~~~ A, (A a.
_A 1) ~~n.o J .  

(f )

5 Here are f u r ther 
~~~~~~~~~ 

q - q u a n t i t y  of heat , con duc ted  to  one
~~

kilogram of gas.

2. Eq uation of momentum

P,(F,- F7~) tf ,w
t (F0 — F1,)— p( r,_ F ) +fw :(F~~F)+

(2)

- 
S

or, with analogous to equation (1) by conversions, we will obtain

S . 5 S S_ S- 5 .5 S
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(i ~~~~~~~~~ . ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
—

S (2~

— 

~~~~~~~~~~~~~~~~~~~~~~~~ — 2~) +

+(A
a.~~~A ) l(rL _ ,

~~~~~_ A (A ..A)* (,~ eJ .
Page 1149.

3. Eg uation of conservation of energ y for flow of fresh mixture.

Flow we consider energy—isolated and adia~batic

C
~~

T1 +.
~~~=C~T~*4. (3)

We take coast. After which

— 
~~~~

-
~
- M ( u 6’—l ).  (3)

4. Eguation of adiabat ic curve for fresh mixt ure

(4)
’

or

-
~~~ ~•

(4 ,)
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5. Equation of conservation of mass of fresh mixture

(5)

where — a verage f l u x  dens i t y  of fresh mix ture  on sect ion bet ween

sections i and i-i ;

— f rosta l  sur face of f l ame  betw een these sec tions;

Uq — f lame velocit y in tu rbu lent  f l ow .  Dur ing  c a l c u l a t i o n  it is

determined from data in work [7].

Page 150.

If we designate

UT
_

w

th at we will obtain in a d ime nsion less f o r m , a fter solvin g r e l a t ive

to distance along the axi s:

T . - 
~~~~~~~~~ - - S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.5.5- _~~~~~~~~~ • 
- ~~~~~~~~~~~~~~~~~~~~~~~~~
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u~ (‘-fl ()~ u~(i-~~)J

V ((~X...1÷(~)J ü
T(’~~~~~

t ‘tC ,.j  

—

— (
~~~~~.

— 

~c~
_
~~

•

6. Eq uation of conservation of energy for flow of combust ion

products. Taking into account the conducted/supplied to one kilogram

of mixture heat in the process of the combestion

S 

2.Cp T, + . L +q. =c p r~#in . 
(6)

Conversion s, analogous to equation (3), wi l l  f in a l l y  g i v e

t~= G— ~j 1 M~ (u~ — 1). (6’ )

7.  Following method in work [6], let us write condition of

equality required 8t~ 
and available t ime f o r  strea m at

output/yield from combestion zone (Fig. 2)

A t ” - ~~- , ~~~~~~~~~~~~ (7)

where — compU te b urn—up tine of mixture in streai ;

- -.5 S S •~
_
~r:~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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— re tent i on time of m i x t u r e  in combust ion  iot ~e.

Page 151.

We take S

Wa 1•S Wr,w~ = ‘‘~~ 2. 
= -k- (u~ * ua . )  W4

.

Finally calculated equati on we will obtain in the fora

r1 ,. 
~~~~~~~~~~~~~ ~~~~~~~~ .

where

~—$

8. For determination of ordinate in (1’) let us write

equation of conser vat ion of mass on output/yield fr3m c3mbustion zone

f or f l o w , limited by flow line DD1 (Fig. 2)

ffl.wfl (ç— Ftp)~’,Pn Wn ( F n
_ 

F
TP) 

.51J p
~ 
w~ ci F . 

(8)

— — —S .5 .5 S- ~~~~~~ —— — —— .5 
- .5 5 .5
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In a dimensio@ess form

(~~~)~.
1Ln~( ’1 L 

—
~~)— (~ )~; ~~~~~~~~~~~~~~~ 

I

+v,~ 
______ .5 

f

.
f 

~~ 
fi
t 

) ( A a As)(’1a ?~j *

+A ~(k~—A ,) ‘~ 
~~~~ 
: 
~; J (8 ’ )

Page 152.

9. Disregarding heat loss thr ough walls, let us de t e r m i n e

pertion of isolated heat (burned down fuel/jropellant)

t 
,~~~

_

In the ex panded /scanne d for m

F 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

.5

Aft er substit utio ns and integrations we will ob t a in
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~ 
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- -~~i 
~~~~~~~~ 

(rL~ ~~~~~~~
~ (‘~~t i )--~ (u~ -u~)(r ~’ + 

~~~~~~~ rt :)J *~? M~ ~n 4 ~x

~ ej j .
Page 153 .

Just as in works 1~ , 
6 , 7) ,  it is possible to trite approxii~ate

relationship which escape/e nsues from (3’ ) and (6’ ) 
-

- (10)
-‘C

Given eqeations (1)— (10) composes syste. of equations for t he

ca lculation of the nosition of f lame and completeness of the burnout
~~, ‘t~ , u~, u,~, ¶~ 

, ‘ , , ‘) , t )
of f uel A - - - 31n the Nannul ar  c a a a n e l t t  of

stabilizer combust ion chamber and they are suitable osly fo r  the

ca lculation of middle section , i.e., where there is a fresh mixtur e,

co.bustion zone an d  combust ion product8( ~~~~~~ ~~~~ ~~ 
). For other

sections will  be obta ined the  pa rticular solutions of these equat ions

depending on the  schem at ic  of process. Let us point o~t the basic

spec ia l f ea tu re/peculiarities which wit h cer ta in  by convers ions  will

lead to calcula ted relationsh ip/ratios.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  S ~~~~~~~~~ - S •• ~
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Let us exami n e the  in i t ia l  section where  not in one of the

st rea . filaments it is reached com plete burnout (‘~~~ ‘~ — 
~

In eq uations ( i’)—QO ) it is necessary to nake the following

settings:

rt r j ,  U
fl

= U
$

$ ‘t
fl

._
~~t 3

) O = 0~~~ ,

where the mark 
~~~ 

designa tes the parameters on the boundar y of

hi tube N wit h W annul a r channel ” .

Condition (7) viii be written more siaF l y

—.5— = ~~~~~~~~~~~ 3o • _
. . (11)w,Q.t~ +u 5 )

-.5 -4p Q
~
._ . -_ -

Let us pass to fisal to the section where front/leading flame edge

achieved wall. ( — 1), a’~rnixture it burned dow n all ( 
~ 1).

Page 1514.

To more conveniently cond uc ’ the caicuiatioi of the parameters in

combustion zone in wall (in equations 1’, 2’, 7’, 8’, 9’)

___________ ____ S 
- - -~~~~~~~ ~~--- - ‘ 

.5
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I ns tead  of ~i isapp ea red e q u a t i o n s  (3) , (4) , (5) we r e c o r d / w r i t e

the  eq~uat ion of c o n s e r v a t i o n  of energy  i ~~~~ th.  w all (is

analogous with equ ation (6)) and the condition of t h e  e g u a l i t y  of

time (11) wi th the rep lacemen t of marks  by “P” and ;on •

while instead of t~0 in e q u a t i o n s  (1’), (2’), (9’) to write
I—

Ap pr o x i m a t e  relation ship/ratio (10) will take the for m
S 

S

e 1)

I

During the calculation of combustion in “circular ” c~ annel” can

be encountered th~ s case (for example, in below example in question) ,

when , because of the high flame ve locity in the turbulent flow LI1 , to

the  la rge  scale oE t u rbu lence  ç (large t0 ), tbe considerable

diameter of “tube” , initial section is ~io~ tened m d  in middl e

.5 section there viii be only combustion zon e (there are no fresh

mi x t u r e  and  p r o d u ct s  of the  comp l e t e  combus t ion)  .

In this case the system of eluation3 for initial and finite S

— ~~~~~~~~~~~~~~~ 
~~~~~~~~~ : - -  ~~~~~~~~~~~~~~~~~~~~~ _____
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segments wi l l  r ema in  previous. For the  calculation of m i d d l e  section,

it is necessary to bear in mind, th at

r i .~~h r

~n~~ 
Q~~~~’

and also for the calculation of finite seglent in the parameters with

marks P to present marks 3c~ 
and instead of C —

The calculation of “annular channel” one should ~u l f i l i ,

transfer/converting from one section to the next by s~zccessive

ap proximat ions [7). This course of computation sakes it possible to

calculate the heterogeneity in composition of mixture and parameters

of turbulence over the section of the camera/chamber (caused , in

parti cu la r, by the  presence of f l ame  holders) by chang ing the

ch aracteristics of combustion and t,.~ from one section to the

ne xt .

.5 
After the determination of the parameters of gas in “circular ”

channel and “tube’ the calculation can be refined, on t h e  basis  of

the condition of the equality of static pressut~e for en tire cross

section of the  cam era/ chamber .

Figur e 3 depi cts the results of the calculation f cyli~-idrica1

combustion chamber with flame holders during the combustion of
m (c.~~~ne 

-

-—- .5- --- — . 5 .  
_ _ _

-.5 .5 .5— 
—- —-c ~~~~~~~~~~~~~~~ -~~~~~~~~~ ----- —.=-

---.5----
~~ ~~~~~~~~~~~
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rig. 3. Results of calculation of combustion chamber with flame

holde r.

Keg: (1). rn/s. (2~ . s.
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Page 156.

49: 
5

.5--

V _ _ _ _ _

/
/ — - 4L . L 1

(~~~
••-
~~-i

•
~r 
, “ - -~~~~ r— 1) 4 “

0 #00 200 300 400 500 600 700 800 900 1000 4400 J200 s300 pioo

Fig. 4. Comparison of calculation and experimental data according to

combustion efficienc y of fuel/propellant: calculation - = 12 m/s,

t~ = 0.0055 s, &=1 , D ó=l50 m m , I~,., = 70 mm; experimen t - =

673°~; ~~~~~~~ 
= 1.14; W 0 = 80 m/s; ~~~~~ = 523°K; E~,= 111; ~~=135°;

= 0.8 mm. Combustion efficienc y t :  according to the gas

analysis: on axis —1 , over section — 2; with respect t o  a c h a n g e  in

the static pressur e — 3. Ch ange in the static pressure on wall — 4.

Keg: ~1). experiment.

- 
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Page 157.

The satisfactory agreement of the results of calculation with

ex per imenta l  data according to the comb ustion e f f i c i en c y  of

fuel/propel lant  ( r ig .  4) makes it possibl e to judge th e  correctness

of the proposed calculation method .

The combustio n efficiency of fuel/propellant for entire section

of the camera/chamber was summarized proportional to the mass  flow

rates of gas , flowing for “annul ar channel” and “tube”

G G Gr
~ _ _ _  

p tp )
‘
1 ‘TP~~~~ 

‘

Figure 5 show s the effect of the degree of the b lan ket of the

area of comb ustion chambe r by “tube ” (by st ab i l i z e r )  • which confirms

t h €  need t he  accou nt of f l a m e  holder  d u r i n g  t h e  c a l cu l a t i o n  of t h e

camera/ chamber .

Figur e 4 shows also the  curve of combustion effi:L ’n- y ,
I t~~~~ ) .

ca lculated employ i n g  the ap prox ima te  proce4ur m w hich m a k e ’  i”

possible to considerably lower the volume 0F calculet~ i v r k , without

leading in th is  ca se to sig n i f i c a n t  e rr o r s.
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Supplementary suppositions during the composition of the

approximate procel ure consisted in following:

1. The front/leading and rear boundaries of coab ist i on  zone were .
5

located throu gh kn own  values u~ . S

2. Values of speed and temperature  ove r  section of combustion

zone were accepted by constant

u3 - ~~~~~ V T -

Key: (1). and.

Thus , the  pro posed metho d mak es it possible to calculate
cylind rical com bus tion chambers w ith the flame holders of different
types ( je t—edge a id  streamlined poorly) .
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