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F t i i i c t  i t I l l  1 ug aS .i coiiili i i t !  i t 0111 ~~ l I U  l t d  , ‘; . l ,  p • I I !  e \~ t i  i ‘I

medt urn r it  o lil i c :~ j t t ~ et I V i e  t r\ • it  t \
~ l l Ci tiL l I t i i I ~. . r ’  I t t  I’m . 111 I I I  I . 1

mer it  w ii I ii ia •~ a 
~ ‘~~~‘ t o  . a r i d  iv di., \ e  I c is  I Y L i t  I .~~it  Ic e i~~i ri e t c  r ‘ i

by ,iiiv iJtii(’ r ana l\  t • t l  ,ULI’ i t . ri t I i t ~t •~~ip i  i~~~I t lol l , th ..’ fl tI ’lo t l  i t  V .1 l l L i W ~~e l

of funet I Uris 0 5:0 111 I I C i t  UI Ulle ii et  it r k t ri ; ill,l S I V , ii uti ii: in i t t i  n 1 on

of Cl i i  s amlil e so l  Ut 11)11 , li nt .> I Cit lull it I Ii 11. 5 1 0  1 h g  it I sot , V Ipo I i  i ’ I ‘ i  r 1

s o l u t e  p a r t i c l e s  arLi . i ioni i  zat  ion  o t  t h e  v a p o r l :~;i t  i on  prod uct s . h t r i t ri i u r ; i t c i y ,

f l a m e s are 11( 1 1 i t r i o u s l y  Ilie~ f~ C i e nt  and  p o o r l y  un d e r s t o o d  ill low t I i c ~ a , IM I I  j i b

t h e s e  r e s u l t s  a i d  ( 1 1 [ \  t l i r ugh a b a s i c  un de r s t a n d i n g  of  hot’: e a t h  s tep  is ~i C C 1 l i —

pu shed w i l l  t h e  I i allK ~’ s i t i l i t v  be imp roved m a r k e d l y  ove r that .  n oi ,  a t t i i n a l . l l e .

In the past , imp rovement.s in f l ames  were der ived  l a r g e ly  t h r o u g h emp i r i c : i l

me an s . Var ia t ion s i n  f l am e — gas c o n s t i t u e n t s  and t h e i r  p r~ p or t i ons  w e r e foun d

to be most e f f e c ti v e  in  i m p r o v i n g  the  f l am e , a l t h o u g h  h u r -n L r  de si  gil , t a o  use

of s h e a t h i n g  gases , and  t u e  d e v e l o pm e n t  of di f fe rcnt  f~ arne shapes we re a l s o

found to be import a n t .  I l o w e v i r , because of the  comp lex  env i ron ment w i t h i n  each

f l a m e  and the  ~r i t e r r e~~: i t i o n s h . ip s  of v a r i a l ) l e s  a f f e c t i n g  t h a t  e n v i r o n m e n t , i t  was

d i f f i c ul t or i m p o s s i b l e  ti s i n g l e  out i n d i v i d u a l  f l u m e  p rop er t ies  for  o p t i m i z a -

t i on  . C l e a r l y ,  w h a t  wo o l  d it o  desi  r u b l e  wor d  d be to s e e a e nt e  a l l  v a r i a b l e s

cha r a ct e r i  t i te r . ,  i i t d  e mp loy t h e  r e s u l t s  of such charac t e i  i zat  ion to genera te

imp rovements . In  our I t h r  i - i t o rv , i .  t s uch i n ve st i gat u r i s  h a v e  been unde r w a y

for  some t ime , u t h e  pre A t l i t  r ep o r t  i n d i c a t es  the  u t i  I it ~ of those f i n d i n g s

in d e v e l i  p i i ~ ~~~ ~l l d  i m p r u C o d  I l imo s fo r  use in  ~P e e l  rt i n e t r l i  a n a l y s i s .

Iii IL C f l i  S tiRhCS ‘ i .  , W’ i n v e S t  at  d t h e  p roce :t ses  i r f  d r o p l e t  d e s o l v a —

t ion  and . 1  ute p a l l  I c l v  V a p u r i  it  t~~~l i l l  an ~i l i a ly t  ica l  flame . These s tud ies  hav e

y i e l d e d u,i l i t  i t  i ’ i ye r~~~ a t  i & t i i s h i i p s ~l e s c r ib i  og those  11roces~~~ and h av e  inc reased

ou r  ‘iow le  I r e  o a l  I m 1 rni:,t i on  t o  I i ’  p o i n t  wlie  re 5111:10 me an I n g fu l  c l i a n ~~es

t o o l  d be l i i i  1 i n t  r e t  i I I ,  1 i :1115 ‘ S f t o  r1111111C1. . I i  a udv on t h e  is ci a n i  sm
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of droplet desolvation in a fl ame (1,3), it was fo un d t ha t  f l am e— g a s  t h er m a l

conductivity played an important role in the d e s o l v u t i o n  1iro ecss . A s u t t s c n t iu e n t

st udy den~~n st rated  that  replacement of the a i r  comp onent i i i  an a i r - a c e t y le n e

flame wi th a high the rmal-conduc t iv i ty  oxid izer  gas r t i ixt ur e  (h e l iu n  + ox y g e n )

increased the ae rosol desol vat ion and sample u t i l i z a t  b a  e f f i c i e n c i e s  (3) . Un-

fortunately, with these advantages came an increased occurren ce of f l a s h b a c k ,

thermal deformation of the  burner components , and t h e  h i g h cost of tire l I d  i r.cn

diluent gas (3,4).

Besides its increased sample utilization and atoir formation e f f i  c ien c i e s ,

the helium—oxygen-acetylene flame ho l ds the p o s s i b i l i t ’  of increased fl uo re s-

cence yield because of its low concentration of quenching species. Unlike

most analytical flames, the helium-oxygen—acetylene fl ame has as its prim~ry

constituent a menatomic gas (helium) , which has an unusually low collisional

cross section (5 ) .  Uel ium-di l uted hydrogen-oxygen f lame s have a l ready been

shown to exhibit higher quantum e f f ic ienc ies  than s i m i l a r  n i t ro g e n - d i l u t e d

flame s (6); contrasted to these previously studied flame s, the helium-oxygen -

acetylene fl ame shoul d produce higher  atom concentra t ions , beca use of tile

large number of electrons and carl)on-containing radicals it produces ( 7 ) .

To offset this advantage somewhat , the acetylene-fueled flame woul d he expected

to exhibit greater quenching than a similar hydrogen-fueled flame .

The present study seeks to increase the utility of the helium-oxygen-

acetylene flame by developing a burner system to produ~e a stable , repro ducible

flame and to e s t ab l i s h  safe operating conditions for the new system. Physical

characteristics of the resul ting fl.~me system were investigated in order t9

compare the new flame with others cormnonly employed . L nriinarity of the flame

was investigated using Schliere n pho tography ,  and tempe rature p r o f i l e s  of an

a n a l y t i c a l l y  use fu l  fl ame were ob t a i  m e d . For pr ;rc t  i czn l a p p l i c a t i o ns , t ) tC 
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back gro un d s I ) L c t r u l ; i  i . 1  i i i  n~~n f l u m e w a s  compare d t o  f l i t  i i  :1 t O ! i l f l v ) I l l V  i~~~ l

it! r — a  Cet \ lenc  t 1, 111K

I :~~lt :  RJ ‘U .~~ t A t

Fhie b : u i n :  r o i l  i~~is  f l ow  sv ~~ em u s e d  w i t h  t h e  hie— ( L - r i ,~ f i  l i t h e a r -  I

c r i b e d  in t hi s  s e c t i o n . I I I  adu i l . oi l , s p e c i a l  t echiniiq u e s used to J i i r i c t e r i

the f lame are d i sc u s se d .

A nxidi f i e d  vers i on of  I l i c  ~l c k e r — t y p e  hur i r .’r dese r t  h od h o

i l i e f t j e  (8) w as  used t o  s u p p o r t  t he  I l l s f l a m e . I lic h n i r i t r t o p ,  :ts sbio ~t i i

in l i g u r e  I , c o n t  i i  l i ed l ( ) J  e x i t  p O t s  it  Q • L nun d i  amet e i  , m l i i  c l i  w e r e  a r ran g e d

in con cent r ic  ri nip ; . ho rt  dianiete  r n . i s  chosen on the  has is  of a t radeo f t

be tween  :01 f e ty  and c o l l v ( ’h i i e n i . c  i n  ope ra t  ion and f ab r i  cat ion ; the  Ii . 15 m itt

d i ame te r  po rt s a n i . - i-.i u;t l I C T I O I I ~ i I t O  p i e  c e i i t  fi as l iback  b t  I u r ge  c n i a u g hi f o r

easy n a c h in ab i l  i t :  ~ iJ fo r  a v i  dance of  i i  o g g i n ~ I V co i n i : U s t i o n  p r o d u c ts  and

sam p le  res idue . ~i i  l v t - r ~~io ld e re d to  t h e  hu r r i e r t op  5 : 5  s i n g le  t u r n  of ’

copp e r t u b i ng  ( - 5  run I . LI . ) t h  l au . h  idil ch up ioi te r w a s  p s s cd  a t  ( 1 .5 / m i r l .

At thit fi n  . r h -  u t 1  i r i g  c i i i  I :ihso rt ed s u f l i  ci e a t  l i & : t  f rom the  b u r n e r  t o p

t . ’  e l i m i n a t e  t h e i ’ u i l  I l j  t i t  ~on f t h e  h i i r n n - r  and  i i  f u r t he r  reduce t h e

i i  k o l  r h o u d  of ~~. ; i  hI t. k

Fl~~u y  ~~~ . As si a~ ii i n  F i gure  2 , p u n  f i e d  h e l l  i~~~, o x y g e n  (~k i t h e s o n i

Co. , Jo I~ e t , I 11 ) i n  d c ot  y 10 111 . ( t i n  de h i v .  , tin i ot t  (P r r h  de Cu rp.  ; N on Y o r k

N .~ . )  w e r e  ~ lifj  l e d  Ui ‘~~ug h s I n i ~ Ie — s t i g e  re~~i l tt  o r s (~k t  l O S U t I  C o . )  ;ui d measure d

w i t h  d u a l — f l o a t  l i t  u m :t e r s  ( l i e : - l i t t ~ on Co . ;  0 and  f - h i 2 :  r~~yer M anufa c-

t u r i n g  I n c . ,  Mn -bi t 12111 C i t y , m d .) . The c a l i b r a t i o n  o l ’ eac h fl ownet er  W a s

e s t a b l i s h i t ’ d  by  a w e t  t i - s t  m e t e r  ( h r i c u s i o n t  S c i e n t i f i c  Co . ;  Q u i c a g o , I l l . ) .

‘~ee dIe ~u 1 ti es  i n :  ii l v  h e  au m i t  - i )  I I v a t  e s  ( i  ip r )  0 . , C vt l u r i d , I )i i i i )  w er e  

— T~~-~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
—-

~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .



used to con t ro l ti m e gas flows . A f t e r  cx i  t i n g  from t im ~~i r f l o w m et e r s , t I m e

he l ium and oxygen were mmi i xc d at a t u b  i mi g ‘‘V ° and fed ft r aug hi  a c o i l e d  t nbc

(4) to en s ure good mixing be fore the gases emit  e rod the  h or n i e r  du ;unhe r.  h u e

acetylene was fed d i r e c t l y  to the burner  from the  f l o w  s \ s tem .  When  an a i m ’ -

acetylene fl ame was employe d , the a i r  (Matheson Co.)  W a s a l so  fed d i r & ’ c t l v

to the burner from the rotameter (L~ yer Manufacturing inc . ) .  A l l  f iow s

reported in this paper have been corrected to STP .

~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~ ‘t he  limits of safe opera-

tion of the new burner  and fl ame were as certaine d by determining the fl a me -

gas flows necessary to pre vent fl ashback . To perfo rm these measurements ,

a stable flame was establishe d whi ch met the desired requirements of fuel-

to-oxidant fl ow rat io or oxygen flow rate . Smal l changes in the he l ium flow

were then made until flashback occurred. After each decrement in helitmi

flow , thermal equi l ibri um was allowe d to establish at the burner top before

fu r ther  flow adj ustments  we re made . Thermal e q u i l i b r i um was jud ged on the

basis of a stable reading from a ch rornel-alwie l the rnw~coup le  a t tached  to t h e

burner head. After each flashback was incurre d , f low readings were t aken .

Flashback fl ow measurements were taken several times for each set of f l ame

conditions to insure reproducibility of the data.

~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~ Schlieren photographs (9) were produced using

two spheri ca l mi r ro rs desi gne d for that  purpose and ob ta ined  from li dn’n.md

Sc ien t i f i c Co .., Bar r ington , N .J. A pin-hole  l i g h t source for tile photographs

was constructed by f o c u ss i rp  ti’e tun gs ten-halogen lamp fro m a 35 mimi s l ide

projec tor  (mo de l AF Carousel , Kodak)  onto an i r i s  diaphraWn which was p l aced

at the focus of  t h e  fi rst sphe r i ca l  S c h i l i e r e n  i t m ir ro r . The co l l i m a t e d  hcam

p rodmice d by I hi.’ f’i rat in i r rn r was p i ;  sed thi  roug h t h e  f t  ar i ’  to a second spite r—

ical mirro r w h i c h  focusse d  t i m -  I I g u t  ;it a C i r e id  a r ;i
~~

ii. rt ure ( I  0) . ~ n I ~
‘

-

~ 

— —  _____
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those  l i ght ray s w l i i  cli i .  u i a i i e d  rui r.’ l r ; l c t e d  ;i’~ t hoe h t l - : ’ s ’d  t h r o u g h t h e  I I  a t t ic

i~~ni at I owed t i  p i - ~s t l u n ’ o tu i : l i  I ( t o  c i  u ’ c u u i  a i  ;tp e rt  l i l t :  and I., t i ’  uc,l p 1 ant

a l i t O t  ~grap h i c  Ci I n  lio l di~ ~ I) ! :1:1 - d b e h i n d  t i t  apt’  Ct l i t : . i i  o t h e r  i t t - I  i i  1 - ‘ i h o m m t

the 5.- l u i t - I t ’ l l  t e .-hiu ,1 uc . i i i  he Foun d i n  t h e  I i t . : r ; i t u n i . ’  I I t ) ) .

1 1  ; in i  1 O f l i ~~i ’ i l t n rc’ s . Fl cue t em p o  r i t  ores  s’:c re ue:i  t i n - e d us  h ip  i l ie  sod i

l i n e —  r e t :  rs a! t ech o i i tuc  (1 1) . I n  these  fleas ui’ etlieii  t :; , I t  t 1 i i t g St e l I  -
~ t r i p  I ;irnp

i s  the p r i m a r y -~ u i i i ’c e  and wa s  c a l i b r a t e d  w t t h  ;i:i o p t i c a l  l ’ r ~~~~t Ci ’

(h ’ s’ r i l e  e m ’ I n s t  i’uincnt Co . , .50 rth va It ’ , N .,) . ) whose v a 1 i di ty  is t ra ce ;ib Ic t o

t h e  N u t  iona l  B I l e 0 ; :  0 ( S i ;n d a r d s  . h o  f u r t h e r  ;tssire ;i t c i J r : lcy ,  t h e  p y r o m e t e r

5 , L 5  pe r i o l i :  c i i  lv  t j i t ’cL ~~d ~ i t h  N R 5 — t  r a c c ab l e  t u n g s t e n —  t’i l  amei it  I all tj )  ( N o .

18 Al ’i O/ 2 , i k ’m i e rj l I l l e c t r i c  ~~~~~ ., L i e v e l a t i d , O h i o ) .  Ik ~t e c t i . oii 0 1 t I l e  n - r o t - r s t ’d

c o n d i t i o n  (m di eating et(u ; 11 I t y  o 1 t h e  l amp and f lame tc iT.p c  F u t u r e s )  , us  described

l i v  h n o I  lemat i ( 1 1 )  , war ;  s i t t m p l i f l ed  by u se of a w ; ivi . l e n gt l l ’  m o d u l a t e d  m o n u c h i r om at o r

and s yni  t’hi rurl lu ; dot . -: t ion so st e rn  (1 .1)

F LOULhN AN)) ts cu~-;s I

The [~~t r r m L t i ~i t  i ou o f  S a f e  ~)pc ra t l u g  1. i  n t  ~ : l j ; i s h i ~i~i ck  S t t l J i t ~’t ;

R e su l  t S of  au e ar l  i or  s t udy  ( ~~) 
have  shiowiu the IIe—O — C~ l h f l a m e  to ho

f lu  , h l - u 1  ~— p rout- i~l i e n i  s i i ) p > r t  d on a hir u l’ r desi nr’ d for opcratior mt th an air—

a c L ’ t v l r l : e  n t i  ‘t  or . h i s  11 t u d i t i g  i s  n o t  stirpri sinp i one c ° n l S i  de rs t he  f a c t o r s

a I t o  I I p I I I  I o I ’  ‘Ii i f  a p i ’  — m l  \ ed , 1 am i  o a r  f i  :im ~ , ‘flu - s t  oh i i z a t  ion  of

soc I i  ‘a f t  one on a bu n i o n  - 0 t S p l i v e  rut: d by  I i  ree p rocer :  st’s : f i r s t_, the  f l am e

p O s t S  a t o  c o n s u n m ’ d  ;i a r i t e  ( e R a  r’ a - . c t I  :e d ‘ t ’ the  i n  1wrn ~~~ vclo~~i t ~ ,) wh i c h i

is di  ‘oct Iy  re t i t  i’d o t i m ’  c l l i i ~~o’~ I t i in 01 ’ 1 i i  (‘ 1 ;u:i i: p a r —  to . tt u r t ’  ; ‘;e ,ond , t he

wall o ‘ t he h ’u n i e  r po i t  ~‘ i 
- r ’ 1 queui ~l i i n  p e t ’ fe C  ~ ii i -~~~i ~~ t i ~ n t of

0.15 liii X I  l i re  , mak m n , . - ii -  i i i  r I t i - - w i  v ;‘ i~~ :i~ 
- - I r I i i ’ i - t i  w a  I 1 s I h i  i .), :1

- -~~~~ 
‘
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-
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short distance fro m t he  port w a l l s , the  11 a nnie gust’ s ; L g i m i . i  : tt t a i  n t i m e ’  m r ch ; i r ac—

t e r i s t i c  b u r n i n g  v e l o c i ty  (9 , 13) .

For a gas exhib i  t i  tug l a m i n a r  f l o w  out of a b orne  r ~~ i t  , a l’o i SI’ i i i  I to

ye! oc it  v d is t  r i b u t  ion  e x i s t s  across t lie p~ 
rt d i  ;i t ne t e  r . b p r e v e m m t  I I  .m ’ i b , i  I. ,

t he e x i t i n g  gas v e l o c i t y  at ever~’ p o i n t  i n  t he  hu r u i c  r p0 i t  mus t li t ’ p r o ut er

than or equa l t o  the  h ; t ckward—pro p apa t  i n ip  h n i r m i  i t ug Vt ’ I no  i t  y at t h at .  110 i n  t . T h e

gas f low whi CR produces a ve loc i ty  pro f.i Ic wh i cl i  i s eve r~’wliere j us t e q i u i m  1 t o

or grea te r  t h an  the  b u r n i n g  v e l o c i t y  i s  sa id  to genera te  the c r i t i c al  bounda ry

v e l o c i t  gradir  ni t  . ‘Ii i s f low is them i the lowest wh i cR  w i l l  p revent  fi  ashha cl~

I-I a shback  occurs whe um the gases f l o w i n g  from the horni e r port do not exceed

the c r i t i c a l  boundary v e l o c i t y  gradient , causing the fl ame to propagate in to

the burne r ’s m i x i n g  chamber and detonate the gas mix tu re  there . Ob v ious l y ,  the

la rge r the burner  port or the greater  t lte burn ing  ve lec i ty  of the gas mt i ix tur e ,

t he g rea te r  w i l l  be t h e  gas ve loc i ty  or fl ow require d to prevent f l a s h b a c k .

Because the hl e— 0 2 — C 2 1i 2 m ix tu re  has a f a r  greater  b u r n  i t ip  ve loc i ty  t h a n  a i r—

a ce ty lene , i t  is not s upr i s in g  that  the fo rme r f lam e cou l. ti not be safe l y suppor ted

on a burne r designed for u i r - acety let ie .

The general  approach to producing a safe and fl a shback - f r e e flame can take

two courses:  the burne r ports can he made ’ smal 1 enouph to extend the quench ing

e f f e c t s  of the w a l l s  throughout  the port , or the min imum gas ve loc i ty  requi red

to ma in ta in  a safe fl ame can he determined for a p a r t icu l ar  burne r port s ize .

The fi rs t of these courses is of ten not p r a c t i c a b l e  for f lame s of the kind being

studied here . I n  o i ’ d - r  to ca lcula te  the port diameter  which  is small  enough

to main ta in  the f lame unde r ‘he worst p o s s ih d e  condit ions , a knowledge of the

combustion char ac t e r i s t i c s  for a l l  po : ;sib le  combinat ions  of gas m i x t u r e  must

be a v a i l a b l e .  When a b u r n e r  port  e x h i b i t s  t h i s  behavior , it is said to he at

or below the q u e n c h i n g  diame ter for the gas mi x tu r e ( s~ nu ~~ d . Qt~ n c h i n g  diameter
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val  ue s fo r sir Vt ’ ta 1 f t  .1 mc s 1.1 c’: be cii c ,i  1 ~‘ : i  I a  t o ii o r  ‘nip t i .~ I I ,i’ dcl C Cult  int o d ( S

I - I , h o )  . 1fr~ f m’ t i i : . i t c I ~ - , l u  i’a p : J I v :11111 l i p  gas  i i i  . i t i  ‘ - - i , t h e  r e l t i u i  u~~d j :lu ’ I i C h t i t l u ~

(bi :uIIl .re i ’O , t i e  olten y e  rr-’ ’;nuall . ‘or ‘x ; i l i i p l i - 
- :mmi u u \ v i ’ u ’ Ii - -;~‘ t -  l & ’ u i ’  I i  ~t t i t ’t ’ I i

u q t u e ’n i c l i i n g  di , i u uue t~- i ’  , u f I t . l t ) t  t in ( I N ) .  O u c h  — , l l l , i l I po n’t . s t ot: f t o u t t ’ i ’ii l l v i I ! t I t t ’ a C —

t 1 L 5 i 1  I ) O C Z I I I ’ ,e o f  t i m ’  ih i  I f i c u l t  o f  t u - i c l u r m i t i g  ~i m i i i  t ip t uP b a r : ; c i ’ ! iea d  a t l d  I i i ’

I i k e l  i u l i - i l  of c l a p p l i g  o f  t h e  p o r t s w t l i  v ’hu i l  i c e d  ,so l  li t : Jl i ;i:i - - i r i l i i : : t in

pro d u c t s .  I n  t i i i  s s i t  nat  t on , the  sc co t i  ~i ap~tr o a c ) i  m u st  to  t a k en  and so Fe ope r—

at  hug c on dt t i o n s  t’o r  t h u c ’  fi ,nn c  t i t l ist  l i e  e mp i r i c a l l y  : l e t e t ’ I u : : , ’ J . ‘l b s  l a t t e r

I l l o t h u o d  i s  t i m -  one  o u ’ J i u u a r i  l v  J . l 1 1t ed I c y  i n r ~t ru i i i u& ’ r u t  u i a u i : i f ; i i t  ure rs w h o  o t t ’ ’ i ’

h u r n i e  i’s f or  n i t  ;- ou s  c x i  .k’ — : u c o t v i c t i e  f l ; t i m ’ s ,

‘ftc c ri t i c a t  !~~t~:ida i’ s cs’ i nc  it V t o  ;idient f o r  di f f e  r in g  f t  utile t;otPpOS L I I  Oils

depends n ot  oni y on th e  burn  i rug ce) Oci t y  i f  t h e  fi  •iiuuc gases but al Si)  00 t i l e  i r

ik ’t i ’ 1 i  t y ,  t he n - i - i l  c o l i t l u e t  i V i t Y  ant i  s p e c i f i c  l O O t  ( i i ) .  u~~ x. a f l ame composed

l ot ’ s s h - o e  c o t i l p o s i t l o n  i s  e i t he r pure  ( i . e . ,  C l ! ) or  cons t ant  f t  . e . ,  a ir ~

the  h u r u u i n g  ve l o c i ty  as been shown t o  chan ge rd a t i ve l v l i t t l e  o ver  a w i d e

I~’oi gt~ c )  t i c - l / o \ l d ; i t l t  r ’ t i o - , , i s l e i l  c o l u 1t . l t ’ t’J w i t h  t ic’ b r I e  chan ges i n n  b u r n i n g

vt lu  ci t v w h i j  c~’ t~~ cu n’ w h e n  i i’~ i ng  ; i t i i o iu i  I s u I a di I ucni t ca s arc addc t l  1 o the

sa :~~- pa’; m i x i  i r e  ( ) , P h .  hi ~~ i~~~fo rt ’ , v ; l r v i n g  t h e  p e r c e n t a g e  o f d i i  uen t  gas

1 .1 t h  a l - I l ’ p i s  l i i  st i l e  i s  Wit’ met  bo i l  o t  c u t  ru t !  1 j u g  t he bunting v e l o c i t y  of  t h e

t l ~iine . b ’or i f l st a i i ,’ t , I I I  a c o ( v l e t i ’ I lame suppo rted h a 2 1 N  0 -  mi x t u r e  w i t h

N 2 has  been sh own t o  h a v e  a )tu r n r ig vi- i c i  t v  o n e — t e n t h  I h i ’ of  a f l ame

oujlp- ’ r t -  1 1 iV p t : r o  t )  ( 1 ‘j . Si  ru h a t -  s t u i d u  e’; II o t he  r ‘ i dre-: u r t cou i  f l a m e s h OV C’

shown a four— f o l d  u i ’re i~~e in b u r n i n g  v c l o c : t v  when h i e l i i i n  WItS s u b s t i t u t e d  f o r

nitroge n ;:s ~i d i i  i - - I  : 0  t i e  o x i t l t  ~c ’ u g 5 ;  ( I S ) . h e r  i l l  i u , i x t u r e s  i t  w a r -  f o t n i d

t h a t  t he b u r u u l  tip vet ec I v de. ri - - n e )  ‘to t hi ~ f’r;ic i - i l l  01’ ii j ci~ nt  i n  e r e ,u ’ i c ’d .

‘ hi : ’  a m l : ’ ’ t  o f ’ h i t- i tu rn i’ l ’ h u u  us - I i n  t h i ’  p r - ’ - c ’  itt o t  no v I~~ . ~~~~~~~~~ a s t u N t ’

II u n it  t’o r v:l u i  ouo i V 1t ’ l l t ’  ~ - c \;‘ - “ - i : I i i i - , u t  i t r -  . ‘ -  , , C u t -  I ,‘ ,, c i  u l ; i u t t  r u t  i n s )
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is shown in Figure 3. To obtain the data in iigure 3, the oxygen f l o w  was

maintained at 4.1 Z/ m i n ;  the var iat ion in fuel/ ox i d an -i t w u s  accomplishe d

by changing the acetylene flow rate. The slight changes in b u r n i n g

velocity of the mi xt ure so produced we re countered by a l t e r i n g  the

amount of helium diluent gas required to prevent flashback . Interestingly,

the tota l gas flow re ix~ire d to prevent flashback was foun d to remain

nearly constan t at 11.5 Z/min between the fuel/oxidant ratios of 0,45

to 0.87, with slightly lower total flows requi re d at the low fuel/oxidant

ratios.

The data disp laye d in Figure 3 follow a pr~’dictabIe l5 ll tt enu . -\f t h e

stoichiometric gas -flow ratio (fuel/oxi dan t 0.40) , the g rea te s t  pe rcen tage

of the oxygen and acetylene components react in the comhust ion process , to

produce a maximal  burn ing  veloci ty .  Howe ve r , a i r  entrainment  and in-

complete combustion result  in a s h i f t i n g  of th i s  maximu m, b urning velocity point

to slightly richer measured gas mixtures. At fuel/oxidan t ratios away from

stoichiometri c , the gas burning ve l o c i t y  decreases , as s i~ na1 led b y the smaller

pe r cen tage of helium required to prevent fl ashback . This ut ehavior suggests

th at p or t ions  of t i m e  ace ty lene  or oxygen f l o w s  are not o c t i v e ly  i n v o l  ved iii

t he combust ion process and act as d ii  un cu t gases .

F igure 3 r evea l s  tha t  th e  h e l i u m  co rm ten t  of  t h e  I I e — 02  -C2lh’  fl ame gas

mu xt ore mus t be n e a r l y  f i f ty  percent  to pre venut  f t  a sh hac k  I t  a l l  values  of

fine ’ 1/ ox i  d ami t  rat in . I n n  :idd i t  ion , i f  t h e  ox . ’pen f l ow is change d , the  h e l i u m

r equ l  r ennem it is a l so  a l t e r e d  as shown in l:i gulr c 4 .  in c on st r u c t  Figure 4 , a

eo mu st at it  fue l/ ox idan t ratio of h ) . II ) was chosen to re p resent the reg ion of

g r e a t e s t  h e l i u n  r equ i r em ne t t t  ( c f .  Fi gu re 3) ;  a l s o , oxygen  and a c e ty l e n e  f lows

were red uced si nnu l t ane ou . s ly in  c ”de r to m a i n t a i n  a fi xed fu e l / o x i d a n t r a t i o .

l i n us , the  i nc rease  in  oxygen f l o w  (1-t o r i  iou i t u i  a x i s  of Fi pure 4) a l so  represents



C)

an increase in the total fl ow of ac t ive  components in  the gas mixt i~ e.

From Figur e 4 , lowe r oxygen and acetylene flow rates require corre~s p o t n d i t m g 1y

greater heliwn to prevent flashback . It might’ t hen  he e~pectcd that a constan t total

flow (including heli um) for al l oxygeui /acetylene combina t i ons  w o u l d  be requi red.

However, Figure 5 shows tha t  the total  requi red f low decreases nnonot o n i c a l ly  w i t h

oxygen flow ; obviously ,  the increased d i lu t ion  of the combust ib le  gases by h e l i u m

reduces the mixture ’s burning velocity.

Useful operating limits of the helium-oxygen-acetylene flame are delineated

in Figure 6. Because the fuel/oxidant ratio of 0.49 represents the greatest demand

for helium (cf. Figure 3), the percent hel ium required for a specif ic  total flow

at this fuel/oxidant ratio will suffice for any other fuel/oxidant ratio. Of course ,

other fuel/oxidant ratios will permit the use of flame gas mixtures with lower

helju~ content. The lowest helium demand is at the extremes of the useful fuel/

oxidant range whi ch extends between the point at which the flame turns luminous

(fuel/oxidant = 0.97) and where the acetylene flow becomes too low to be accurately

monitore d (fuel/oxidant = 0.25). At these fuel/oxidant ratios the helium deman d is

28% and 45%, respectively. h owever, as a general rule, it can be ascertained from

Figure 6 that a typical analytical flame (7 2,/mm total flow or more), supported

on a burner head with 0.45 nun diameter ports , will operate safely with a mixture

of hel ium , oxygen and ace ty lene  con ta in in g  h 5 % or more h e l i u m .

I)~~~ ~~ n~~~~~~~: ~~~~~~~ I~~~~

-S cm 1 te  ren n u t e t h m u u d s  hum ye 1 ony, bw ’ e ’t n  used to observe sp;~t i  a l  re fract  i ye i n d e x

d m a i n g c s  w i t h i n  1.1 anne’s an d o t h e r  t’ot t nl ~~ s t i o t m  so ur c e s  I t ) , l0)  , t n i f o rm a t i o u -u  o b t a i n e d

(‘ r o u t  “ u l i i  l e r e n t p h i c t t o p i ’ , i~u h u s  has  been used to c o r r e l a t e  t u -c ’h u! eru ce in  t i m ’  f l a me

h u ; m c k g  i n t u i t _ I r adi  at m i t  t o  inn i Sc 5CCt l  i t t  an i tt  onuu i  c absorp t i n n  un n easur ene nt  (1 9)

I n n  t i nt ’  p r e s e n t  s t u d y , t i l e  1 ann c u r t  ty  of ’ t he  i t c h  i t n u u — o x v g c ’ n — - n c ’et\’ lene  f l a m e  was

i n v e s t  i gu t e d  us i ng Sch i  i u ’ r c nu t ’t Oth l t ) dS

‘( ‘lie Scm i ic  ren i tnage u’o d mn ced  Nv t h e  he I i  urn - o x y g e n —  a :et e I cue f i  ame (Fi gure

- - ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~ - ‘- - -“- —  ‘-“ _______________
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7A) t s  ide n t i ca l  to t h a t  of an a i x — a c e t y len e ’ f lan tu e  wI t  i c i m  u~u s foun d In o t i m e n ” .

to e x i u i h i t  a hi gh degree of l anm u i n a r i  t v  (8 , 1 1 , 2 ( 1) . A s i  i gb t  l t i r b nj l c n n c e  at  i t t ’

ed ges of  the f lame and iii i t s  uppe r reg ions  o b s e r v a b l e  i t t  hi ~ti n’e 1A is

by the en t ra inmen t of a i x ’ . I lowevci’ , t ine  cent  i a  1 p or t  i n i t  of  t I n e  fh  aut te re l t m , i  i u u ’ ;

f a i r l y  laminar throughout the most common ly used region ( w i t h i n  10 cnn t above

the burner  t o p ) .

For contup ari sout , t i n e  Sciti icreui image of a B tn - nse u u  fi  a u e  is shown i i i  h i  gur e

7B. The reg ions o f t u r b u l e n t c e  w i t h i n  the Il n ,nn sen fl ame pr- .~duced by t h e  u t u i x i n g

of f l am e  i~ases  anid a i r  arc eas i ly  ob served j ut the h igh - .  conn ~ rast reg ions  o~ t h e

image (9) . The w ide  de g ree of re f ract ive index  change in the n n i x i n i g  gases

produces t h e  sharp  con i t ras ts .

Flane ‘l’enmeratu r e s
- - \ -  ‘ -~ - _ - \ _.~i

’
~_ ’ ~~~~~~~~~~~~~~

‘rite importance of f lame tennl)e rature to pract~~ca1 fl ame sp ect rounet ry  has

lo n g been known.  The use of the n i t r o u s  oxide -ac e t y l en e  f lame i l l u s t r a t e s

tine increase in s e n s i t i v i t y  and decrease in m a t r i x  interfe rences t h a t  hi gher  -~~

f l a m e ’  tempe ratures can b r ing ,  b ut also betr ays tine e f f e c t s  of inc reased  ioni-

:a t ion  (2 1)  . Recent s tud ies  have shown tine impor t an t  r i l e  fl ame tempe rature

p h ays in  t Im e  desolvat ion and vap or i z at io n t  processes i n  f l a m e s ( 1 — 3 )  .

The chan ge in (Ie- O~, -C 2 tl 2 f lame te mm npe rature w i t h  fue f / o x i d a n t r a t i o  at

two d i f f e rent he i gh t s  in n the fl ame i s  shown in Fi gure ~ - . To pro duce F igure  8 ,

the total gas and oxygen f low rates we re kept  constan t , but the acetylene and

h e l i u m  f low rates we n-c var ied  oppos i te ly  to produce t h e  desi red f u e l / o x i d a n t

r a t i o  and to ta l  f low.  ‘ h u e  r e s u l t s  show a r , se  in - i  temperat ure w i t h  inc reas ing l y

ri cher f lame s and decreas ing  h e l i u m  c o n t e n t .

Fr  mum h i  gur e 8 , 1 inc I he —0 , —C , I I , 11 anne e x i t  i lii  ts tempe rat  ures whi ch arc i i i  g lue r

t i t an th ose o f  an I i  r — .t ce t y l e m n e  hi autt e ( 2  3n() ° K)  (-I ) ann d ~i p h n r O 3 c I t  those of a

ni tnu ms ox i  d e — a c e t v l e n t e  (‘lan s’ (27:, i °K u ( 1 ) .  ‘VI t o t ’ l a u n ~’ , n i  y e  o f f e rs t he ;mh i I i t s ’

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



to v a r y  t ine  t em pe r- I t  n r c  I ) i ’ c ’ t ’  0 1 1 n ) _ 3 ( m t ) ° K t’ l m n g e  b y  ca rt - I  ~h u m  cc tit i n t ’ l  /

o xj  J o in t  rat  i 0 Ou t! II’ i i  ~ti~- ‘u I t  k ’S I . i n s a! I i t e C t i  :11 I ‘ - ,t ipp t’l~~ t a U t ’

pe ra t  ui-c and fI ante ’ connpn s i t  i o~ I t o  I s -  ‘ c  Ic Ct ed t n t  de pt t id e m i t  h V t o  r t i n t ’ utt o ‘ -1 ‘- I’ ll’ I n  t Vu ’

dete r n n m i n a t  inn  01 on u - I

~t ~t’ t’t n~~aI t u - t f l 1 i c  u’ ~~t l t t ’ u ’ ; l I ’ o l l  Ic  of t Im e In c h t i x l I t - O X t ’ u ’ , t ’ t u a c e t y l e n e ’  li l t - k u s

5I1OI ~’I1 i t t  I- L ~u t’e i~ . l i l t ’ f l a t ’ t ’u ) I l t p O ’~ i i  t O l i ’~t ’ d  1 p n’ndtiu ’t- I~m gu n r e  1 i~as I h i n t

Co u ’n t ’ spon I  d i n g  to  I ic’ I i i  ghc ’’; I to t t ip e  i , i n o  ri (I i ‘~~) I Sv i i t l  i t t  Ft g u u ’ e  8 ( i . . , f’t u e  I /

o x i  dant = ii. 55) . .-\ n t _’ :t r l v  i i  n e a r  tettupt ’ r’~~t nrc de’c’ r’east’ ~u~ ’ - , ir s  w i t h  h u e ’  i ghi  I t it

the flanne , wit in a gradi c’tmt of  apnr o~~x n n t u ’ 1v  -~~~ ~~~~ ~~~ ~‘t ’tO ‘ ‘neter from tb-

b u r t i e r  top .

Ra~~~~’ouii tI Sp~’ et  i-a

A compar i son  b et Sc’C u t  t h e  h ) a ck g r o Ln nd speet  runt  of  t i n e  I tO l 1 u n i — o x y g e t — a ’ t’ ty l~ ’n1 e

flame and that of i t i  ai i’ — n - c  t v  I L ’ I I L’ t ’ l a t t u e ’  c.i t i t  t ’qu u t  I ;icc’tv lcnie /ox~’geun u - it  to au th

t o t a l  f l o w  ra te  t~ ’e~- s I  ~ t i m e  s i t u t i  1 a r t  t~ o f ’ t c two  11 tu ne s . \ h t l t o t u i ’, ’ t I t o t h  sp e c t r u m ,

s i - sn i n  h i g t i n ’ i- 10 , m u ’ - , 1 i i i t u : Si ’t lp h t ’  compa re d t o  t h a t  o h ’ m n i t r o u ~ x i d e -’

ace t y I c u i e  fh  antic , t I to  bac k gr o uu n ci I ’ t l ie lie I i u n — o x y g e n —  ace t y I 
~~~~~~ 

(‘
~ tu ne n S ut _ b out

(‘our t j une ’s as i n t en se  is t i n c  o 1’ the a i t ’ — nc t ’t  ci eunt ’ (‘I a nic at t ine  ct ron mgc ’ ;

spec t r n  1 f ea t  nr c ‘ l u  -c t ’Vt ’ ch ~~~~() u nIt ) . I 05k ’ i’e m’ , t Ii i  s in - i t e s  t y r a t  t o  wo ni l  d I c

e x p e c t e d  t o  ‘uwa l 2 ,, it ’ -511 ly  t C  l ’ l I j c ’ u ’nt ux r e di t ’t ’e r u - u t ’ , h e t w e e n n  t i n t ’ t e c  t’l , i t n t ’~

taken n i t  o e- ‘ I t S  do I t t  n o u n  . I i  is I I -~1eu t’ it y itnd icate’s hat a f ac t  or  of three

g a i n  i n n  c i  e n n e r u t  oh c ’ :l  i 5 5  O t t  -
~ I ~ 1 l i  I ‘ i i ’h g u - ton i i n t e n s i t y  ~b t t —~~1d be ohse rvcd ( ‘or

t I e ’  l I e — 0 ; — ~ 
‘ t n t ’  ‘a :  i N  i t  i - - i -Ii I’) inc . ~~t ij c i i , ,~s arc cur ren t  l v  crn dc r.~’av

sai s t i l i t  I , l t c  t h m i ~ n l l u t I  - ‘ ; l s .

I ) ’- , I i.i~ ;l L)~ ’ -~

I t  t i l t ’  tht\( ~ ‘~0I I t  I 1 5 1 ‘t ’ - L ’ I ’ I u I t ’ t I  t t ui ”Ti e ’ l ’ , It ~ 101 u t n n n — o x v g u ’n — a c u ’ t  v l e n n ,’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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fl ame has been characterized to all ow its safe and flasm ’haek-free use iii

atomi c spectrome t ry . ‘rlne flame offe rs ~ul nys j c ’~~l c h t a r a c t e i ’ m  st i c s  t h a t  ar c

similar to or b e t t e r  t i t a n  t ine a i r —  znee’t y 1 t ’nne ’ ul an iw ’ i n n  t i m ’ ’  ,i r c ;ns  of t m ’nmnpc r a t  mm n t ’

and l a m i n a r i t y  w h i l e  y i e l d i n g  a s l i g h t  di sadva i ttu ige  i n  h e t J ~g r o m u n d  c m i i i  ‘j ’; m e n u

i n t e n t s  it)’ . i t  shou l  d offe r increased seuns i  t i vi t y  fo u’ h u t - (h (’te rmi m I O t  1 t I n t  tU

r e f rac to ry  e’ Jemen i ts win i Ic min t p o s s e s s i n g  t ime ’  h i  gli l tui c’kg ro tam n d and jun e j deuce

of i on i z a t i o in  wh i ch p lague the  u n i t r ou s  o x i d e — a c e t y l e n e  i lanic .

‘lIne  i men rpo m’at i on of  h c l i u n n  i n t o  tin e o x y g e n i — a c e t y l c u n e  f l  anne gas nun x l  ore

has adde d a new con t rol dimension to the fi mute . ‘l’he’ t I n  r i  v a r i a b l e  guns fl ow

enables  t i-ic independent con m t ro l of such f la m e p r o p e r t i e s  as b u r n i n g  v e l o c i t y ,

te mperature  ari d rise ve loc i ty  at any se lec ted  f u e l / o x i d a un t ~ r a t i o .  The fl aunt’

has a w ide ran ge o f f ue l / o x i d a n t  ra t i o s ava i l a b l e  wh i ch s h o u l d a 1 low op t i n n i z ; t -

t ion of f lame condit ions for  nmn an y e l emen t s .  In use , t ine  ope r a t i n i g  cos t s  of

tine hel  i um — c o n t a i n u i  nng f lame exceed t h o s e  of the ai r—ace l  ) ‘ le m n c fI  am u ~u , h i n t  a rt ’

co mparab le  to the costs of a n i t r o u s  oxi de—ace ty l ene  I l ime .

The a n a l y t i c a l u t i l i t y  of the Inch  u n t — o x y g e n — a c e t y l e n i  f l ame w i l l  be’ tnt—

vest i gated by the nu e asur ement  of a tomiza t ion  e f f i c i e n c m ,es . a pro jec t  wh ich  is

ct nr r en t ly  i n n  p rogre ss  in - i our laborator ies . The u t i l i t y  of the flame as an

a tO m source for a tomi c flwrescence  w i l l  a l so  be s tud ied  by means of fi  utu re s-

cence qua nt unn e f f i c i e m n c y  me as urements ;  we expect  the nne asurement s  to subs t an-

t i a te  t ine impor t  once of the  Fl anne ’ s mont a t oni i c p ri  mar c  c’Jn ; t i t  i nen u t  to imp roved

f l u o r e s cen c e  y i e  I d s .  Ftu t ure work wi I h i i  so i n t e l  ude’ t h e  ~L’ve l opm emi t of a fl ash—

h a c k — f r e e , a i r — c o o l e d  s l o t  hurn e u’ t i m  suppo rt a I onig—path 1 a t n i n a r  h i e — 0 ~’ —C - I l

Fl anne for use i n  a t o m i c  ah sorp t t on i  S~~CC cl ot 1’)’
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Figure 1. Top view of w a t e r — c o o l e d  bur nnc r  used for  t i n t ’ l td l  i u z t n — o x y g e n n — u t c t ’t y l e n t i ’

f l ame . A cool ing  co i l  Was s i lv e i ’ — s o l d e rc d & m n t t ’ a Inuri nc n’ to w h i c h  a

det achable  burner head co n t ai nn im n g I h t t )  0•
1 r
’ m in i d i : t m m n e t c r  po rt ’ .

fastened .

Fi gu re 2 . Ga s— flow con n t rol  system used to support tine li e! i u i m n — o x y g c n n — a c e t v l  cite

flame showing  arranngement  for m i x i  nig t i n e ’  m e l  ion and oxygen gut s f l o w s

Fi gure 3 . Var ia t ion in the hel  i win —requi rement  as a f n n n c t  ion  of fue l / u x i  d o n u t

ra t io  for a hel i u rn —oxy g eun—acc  t y le nt ’ 11 anne’. ‘l1 ie i i i  ii I t i t miun n hi ’ I n  tnt ret ! n i  I t ’ —

Intent to mainta in  a flame above f l a s lnba ck  i s ant ed  for a flame gas

m i x t ure con ta in ing  4 .1 !, / n iü n n oxy gen. F u e l / o x i d a n t  var iat  j o ins  we ’re

ac complished by chaunging the ace ty lene  f low .

Fi gure 4. E ffect  of oxygen flow on t ine h e l i  inn requi rement of the he l i  t in -oxyg e ’n n-

acetylene fl ame . A constan t f u e l/ o x i d a n t  r a t i o  of 0.49 was m a i n t a i n e d

for all oxygen fl ows .

Figure 5. E ffect  of oxyge n flow on t ine  to t -a l  f low requl r enm ient for a b u d I tuin -oxy gent -

,n cety len -ic f l a m e  w i ti n a fuc 1/ox i daun t rut i o of 0. i 9.

Figure  t .  Safe opl’ rat ing  cou i d i t io n n s for t i- i c f u e l  i uni— oxygenn ~.acct y 1en’i e fl  anne . A

comns tan t f u e l/ o x i d a n t  runt j o of 0 .49 , win i cm repr eseunts a wors t  — e a s e

s i t u a t i o n , was used to del i mica t e the safe ope r a t i n g  c o n d i t i o n s  fo n ’

a l l  use ful  fl unn~ gas fl ows .

Fi gure 7 . S ch l i e rcn  nhn o tog ra p hs of (a) iIc-O ,’-C ,’i! ;~ fl ame and (b) Bunsen fl ame .

The dark reg ions  denote r e f r a c t i v e  inde x c in u u igc s whic in  can t occur  as

a re s u l t  i t t ’ t u r b u l e n t  m i x i n g .
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Figure 8. Variat ion of he ii  imn —oxy ge n — znc e t y l e t  it t’ l anne t e’nt lpe rat ure’ w i t  I n t ’nmt ’ 1/

ox idan t  r a t i o  at (A) I cmi  above th ~ h m m r ~n e ’i ’  l t ’p and  i t )  S cmii

‘ove tl’te ha urn ie r top . A const a m t  o xv gem t’h i ’n”  i i  t -I . I / ni t i i i  a n nl  a

constant  t o t a l  i low of 19 . /111 1 n n were n in a i n n  t a I n i ’ ’ tI

Fi gure 9 . Vert i t - O h  t& ’mn npen ’at tirc p r o f i  I ’  for :i In t ’ l I nnnmi — (’ \vgt’!i -~uic&’ ty It’ine f ’ L m n m i t ’

w i t h  fue l / o x i dant r a t i o  of 0. 85; o , \ en ’t ’ mn f l o w  3 • 1 I / m n i i  l i l t 1

h e l i  urn t r a c t  j oi n of ( 0 .4~ .

Fi gure 10. Backg roun d spectra  of a i r — u n c c t y  len n e  and h e l l  tn u n —ox yg e ’n — ; i  ce’t y 1 ( ‘t i C

f l a m e s of equ a l f ue l/ ox i tinui t runt .  10 .
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