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The s t udy of the co mp lex i ri terac ti ye nature of chem i cal

reac t io n s occu rri ng in heterogeneous flame sys teiiis presents

a c h a l l e n ging, b u t  fo rm i d a b l e , problem. The d i ff i c u l t i es

inh e rent in cx trac ti rig useful in formation from such sys tems

,I re often complicated L y a hi gh degree of spectroscop i c  noise

and , in the case of pyrotechnic fl ames , the transi ent and

opt i c a l l y dense nature of the sys tem. One pro m isin g approac h

to gai ni ng a mea n ing ful  i n s i ght  i n t o  t rans i ent  co mb us t i on

processes involves the use of a compute r automated experimen-

tal con fi guration to implement hi gh - speed mapping of the

des i red fla me species.

The important considerat ions wh ich determine the type and

speed of the opt ica l  scanner , readout e lect ron ics , ari d data

acquisi  tion sof tware have been eva lua ted  arid considerable

adva nces have been made in the development of data handl in g and

display al gor i thins so that a max imum amount of usefu l in fo rma-

t ion can he ex t rac ted  from each study .

A var iety of cri ten a were consi dered during the des i gn

stages.  These inc luded:

(1)  Scan Speed
(2) Desired Number of Data Points
(3) Observat ion Reg i o n
(4 )  Photometric Accuracy
(5) Error Detect ion
( 7 )  Experimental  F l ex i b i l i t y
(7) Capability for Perfo rman ce lI iejr,idi n’~

Whi le  a var ie ty  of success ful low —speed fl ame mappi ii expt ’r i ‘ -n t  S 
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have been performed employing stepper motor techni ques to posi t ion

a flame in the opt ica l  vie w path of a rrronch ro nrato r ( 1 — 3 ) ,  such

approaches are not s u i tab le  for a hi gh—speed system. A var iety

of opt ical scanning techniques were considered in regard to the

required perfo rmance c r i t e r i a .

FLAME M A P P I N G  SYSTEM

The approach which has been pursued is based on a multi-

faceted scanning mi rror concept . Scanning systems based on

multifaceted mirrors offer a reliable , relati vely inexpensive

approach for providing sufficient speed and spatial resol ution

for the task at hand . Radiation can subsequentl y be re f lected

onto the entrance s l i t  of a monochrom ator to provide maps of

intensity at a se lec ted wave leng th as a function of locat ion .

Other approaches , such as vi di cons etc . , were bypassed due to

t h e i r  cost , ve ry limi ted dynami c range , limi ted wavelength response

and inherent depe ndence on optical fi lters for wavelength isola-

tion when operated in an X — Y spac ia l ly  scanning node.

Unfortunately scan mirrors having the des i red geometry , are

not available commercially, dictating custom fabrication . While

this mi ght at fi rst appear to be an ambitious undertaking, problems

associated with holding precise optical tolerances , both on the

offset ang le and radius for each mi rror surface , can be easily

sidestepped through the use of the proper sof tware correct ion tech-

ni ques . In effect , when an array of poi nts is being translated

into a map, the data values are assi gned locations offset by the 
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~‘~~Ui ~‘ lI (I I r ’e~~ t ion t 1i i .  I o rs .

The s y ,  t em , wh i ih h~s been developed , is s hoa n in ri ~~~~

1 — 4 . Ihe te n — ia~. et s ’, arirr i ng liii rror emp loy’; 3~i nnr square rid rr -~ rs

The f r r ~ t Ii ye f a ce t s  a r’e set  at zero , v i i i ’  , two , th r~eC , a rid four ’

(i( ’ l;rel ’ . . The r ie \ t  f i v e  fdLi ’ts ire s e t  at hal f d e q r t ’ t o f t  , I t

c ( c d t  m i  , i r i  ‘‘ t r i t e r - la ced ’ ’  ras ter  for ma t wh ich  ca n I t ’ ut i  1 i I i i’

I r rc r ’oas i rig the e f f e c t i  ye sca r i n i  r ig speed wh e n necc~ sary . A syii~
chr~irii :1it ionr pu lse  is dI’rI ved by d e f l e c t  i n - i  the he rr I r e - i 1 .5

n~4 he ii urn—ne on l ase r ’  onto a photoconduct  I ye de tec t  or’ wh ich  has

been sui ta hly ous i t ion ed and m a s k e d  to ~ :e l v e  the laser ’  hi’ ,rrli

onl y du ri rig e x a c t  al i ynlnlen t w i t h  a s ing le  ui rror. The Si  q nra l

from the hi as ed pho to ce ll i s conidi t i oned w i t h  ,r vol  ta qe comp a

~ito r , conver ted to TTL log ic  l eve l s , and us ed fo r’ a ll suh~ e iuent

og dun n each i nd i vi dual fl arne sc a n t .  Photo ns Oflhi t ted by

the var ious ar ’eas of the f l anre under ’ t u t l v  are se 4 o en t i  a ll y iT—

f l cc ted from t Ire sca n (ii rror on to a pi ri liol e i r is  , 1 .0 mm in

di ante te r ’, placed in front of the mor iochro nra ton er r t r an ce s l i t  . 5 -

The 350 rim focal 1 enq Ui f / h .  ~ GC A McP hrn’son LU 700 ronicr chr or i ra I or

equi pped wi th a 11 ~i) I h um 5000 A b lazed  11 ,1 Ii rig rnovi des re—

so 1 u t i on of app,’ox i ma tel y 0.5 A. Pr’esen Ii y • a R2l 2011 pho tomu 1 —

t ip  l ie,’ tube is mounted in a Paci fi c Photo mnme t .n i c Iris t rurr ier i  t

housin g cc rnt ai n i  rig a n I rite gral hi gh—speed p n’e iimrp l i fi er wh i ci, can

be e it h e r  ermn p 1 eyed or bypassed at  the opera ton ’ s des i r’e

The si .lnal is s uhsequeri tl y fed t o  a modi fi ed K e i t h  1 e,v Iris t ,‘ii—

merits Model 417 hi gli— sp e ed p i coammime ter whose output  c i g r i d  1 i s

di gi ti zed under ’ conipu tei’ connmr rnan d w i t h  a Burr’ Brown Rese a rch Mode l

-
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ADC-80 hi gh-speed (20 usec /data point), ten bit resolution ,

analog to di gital converter . Analog display is provided by a

Tektronix RM585A oscilloscope equi pped with a type 86 hi gh

speed plug-in . The output of the analog to di gital converte r

is subsequently t ransferre d th”oug h a set of paral le l  line

d r i v e r s  to a special computer interface and finally a Data

( enera l NOVA 2—1 0 computer containing 16K words of nmremor ,y.

Mass data and software storage is provided by a Xebec XFI)-

200 dual dr ive disc system , while plotting is performe d by either

a Tektronix 4010 graphics terminal or Ilewlett - Packard-Mose ley

Model 135 X -Y plotter.

DATA MANIPULATI ON

Computerized data reduction can provide a variety of capa-

b i l i t ies  which would not be possib le ut i l iz ing less powerful

approaches. In addit ion to reducing the mechanical tolerances

required for the rotat ing mirror assembl y, problems associated 
4

with va rying mni rror ref lect iv i ty can be el iminated through em-

ploying the proper correct ion factors . The very .erious problem

of s h o r t  term “flicker ” noise can be substantially reduced using

wei ghted smoothing techniques in both time and space. Consider

that a s ing le data grid is obtained con ta in i ng  rando m ly h i gh and

low va lues.  A response surface can be snm ioothed considerabl y by

employ ing a wei ghted average of each of the nei ghboring grid

points . When the system is being scanned at a rate su f f ic ient l y

faste r than the rate of change of the phenomena under study ,

addit ional smoothing can be obta ined by f i t t ing a function to

_____________ 
_ _ _ _  4
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time res pon. e obs erved a t  a cei ’ t ‘ i i  ni 1 oca t i on a ’~ d wi I qh t e d

average ba sed on Li rim e . Tin s procedure is tl in qr. r i i ; i i ’ I  iii

Ii qure  5 . A srmr oo ( hod Li m mm c ox tr1ipo 1 Li ted s en ‘‘~ o f  Irm a j1S c,r ni

s ub s e q u e n t ly he q& ’ nme ra t t ’ d  on demand. Additio n al ] v * 
when i t

is Va Ii 0 t o  a- ’ ’.uine t i n a  t t in t ’ fl a mm re under study i c V I I I F , i i ’ t  ni , r l

a b o u t  it s ve rt i cal , r x i s  , equi va l e n t  p01 ruts on ( ‘ d i  i n s i u t ’  m u ,

ci t i m e r  he s i nmrp ly  aver age d together or used inn so nic none romp 1 ox

st at is Ii c r 1 t rea t.im ien t.

Tine presen ce of  pheniomerr a occu r r i ng  on t i me s ca les  las t i n ’

than tire t o t a l  s ca n s p e ed  cair he de tec ted I n two ways

1 . Cor u mp a ring the si goals observed fromm u two adjacent

ni rr o r s  (wh I d r  ane o f f s e t  one degree) w I ti, tIi~ t
observed fro inm t i re In t.erirr edi ate .ini g l e rmmi ri-or on

t u e  o p p o s i t e  si tie of  tire S c ar _ n e r , ca n he useful
f or  do t enn mr i iii r ig the p re ser mce of t rans i er r ts o n

t i  n m m e sc a le s  rican ’ tire total sc an speed. Fl qu r e

hA shows tire absence c. f m ajor cin an rges as an gles

of 0 degrees air d 1 degrees are co m u mpar cui wi t.h
0 . 5 deg rees fo i l  owi m u g  a 100 nir i lii s eco nid del .ry
w iu i le  60 ind i cates short t ennm va r ia t ion .

2 . For v e r t i c a l l y syr u m i me t n i ca ]  sv ’ .t e mmms , tr ’ ,ins i e r r t s  o rr
t i  nine s t , j  10S near a Si  niuj l e hen :onita 1 sca rr  an he

del ec ted by cv ruip ~r n’ i n j  the  n— i girt han d s i de w i t i r

tire l e f t  i ra nid s ide .

Tire abi l i ty  to genie ra Li ’ I F i ree- di mm m en r s i on ra 1 11 aim m e maps can p nov ide

cons idera b le  addi ti o nra l ir is i gi rt  i nit o t’l a ui me p ro c e s ses  . Unr fortune—

ate ly 
* 

the t ecirni qu c  i an only he app ] led wii en r ti re 11 arne  s y ’, t cnn

is s u f f i c i e n t l y  syim r ni m e t ni cal and tr a m m s pa re nt . Wim i 1 e tlmn se re—

c~iui r’em mr e nr ts . m e  not rmm e t dun rig comm rbus Ii on o f  r m r a m m v  p v r o t  ec imr r i c

(levi ces , tire a pproach can be Very use In 1 fu r  deve I r.rpi n j  a

--

~ 
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bet ten undo ns t .n .t i m g o f  a va n ’ ie ty of Com m it ) US t I on p ruces ,e -

An i r rv o r t t , i  Abel i n  teyra 1 (4—8)  is used to cr pproxi mm iate t Ire

fla nre at  any one v e r t i c a l  irei ght a s a set  of sy immiet ni al

c i n’d ]r’s (see Figure 7).

Dur i rr q a scan at a s ing le hei girt , a mnr easun - enmm e nn t IS 10 —

ti a l l y made .it posi Lio n 1 tinr o ug h the outer ci rc le .0(1 t ire

prese nce of the obs erved spec ies in reg ion) A is e v a l u a t e d

(see Fi gui-c 8 ). An observ at ion is niext  made at  l ocat 5 i o n ? ,

which , fo l low ing  a correct io n for tire con t r ibu t ion  made by

the amou n t  of reg ion A observed , y ields tire si gnial due to

reg i on B , etc . Cont i nuat i on of tiii s approach a] lowS obser-

vat ion of the processes in the other reg ions. Severa l major

pro hlenms ar ise  when this s i mmmpl i f i ed  approach is used even in

env i ronnients w h e r e  sd f— absorpt i  on is not si gn if ic a n t  due to

the re la t ive noise inherent in spect ra l  data .  The noise prob-

lenis have been adequately so l ved  using an appro ach whi cli has

grown out of the method developed by Cre mi ren -s and 01 nrkebak ( 7 ) .

Techniques for correct ing sel f— absorpt i  orr are currently being

developed using a conmbination of en uni ssionr and absorpt ion pro f i les .

CURRENT AND FU TURE STUDIES

The experimental system is current l y ab le to genie i-ate

e ither 600 data point nimaps every 150 mmm i Ill seconds or 300 ( tat a

maps every 75 mm mi 11 is ecnrrds . Exam mip los of  s ucir m ui r j r s Li no s irow nr

in Fi gures 9— 14 .  Add i t iona l l y, s can speeds of 33 m m ii l l i s e onmds

and 16. 5 nm i l l i secon d s are to be im ple m nmeni ted in tire near fu ture .

The current p ni nci pie 1 i mu ta ti on I s Ura I the hi gh — speed u t i l e  n v

- .  
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ava il ,ihl e in ti _ re co ru m puter is very rapi dly f i l l ed  w i th  data ,

seven e l y 1 i mii i ti rug tire nuimiber of mm _ raps wh ich  can be acqui roll .

Cons iderab le  progr ess has also been made toward develop-

i rig i ; ip roved a] qoni th mns for obta i n i  rig three—dimmmens i onal pr-o h les

on a v a n ’ ie ty  o f  f l a m e syste m mus using botii low—speed and h i gh —

S;’~~ i I mmm a pp ing . Present capab i l i t i e s  for obta in ing iii gir-speed

U rr e e—d imnu ensio nal naps in spec t roscop ica l l y  noisy fl ammues are

show n i n  Figures 1 1— 1 4 .

SUMI1PLRY OF EFFORT

The pr incipa l object i ves of this project , to desi gn and

develop capab i l i t i es  for ob ta im ming  combust ion and exc i ta t io n

data fronr flame systems on a ti me sca le  co mpatabl e w i th  pyro—

technic f lares h a v e  been achieved and the next phase , a c t u a lly

mapp ing pyrotechnic fl ares , is ready to beg in. The total

number of direct labo r numan hours inc luding principal inves-

ti qa to r , three graduate ass is tants  ari d other support pe rso nn e l

has exceeded 1600 hours . Al l  Naval Air Systenis Coni iiiman d fun ds

have been spent.

The progress achieved within this period ind icates t h e

hi  ghi potential inirerent in extending the obse i-ved spectral

reg ion into the infrared and reconf i guring the systemmi for

studying actual pyrotecirnic fl a res.

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