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ABSTRACT

An exper  e’it~~i f~~t~ e ~ t . J v t i~ r~~’~~rted t ht’ : o np t ~vs1~~ ii prc~cesses

::~at  ~~~~ ~~ ‘~‘ t  s u p p r e s s i o n  wh en w a t e r  ~s added t c  fuel. n practical

s.~~te~ s w4ter . emu sifi ed t i~t 11~~~~~ f :t 1 s . reduces scot physicaUv by

t~~ i~~~.rj v t d  a t o~~iz , i t ~~~:i ~~~ ~~is~ ~ ht’ tt :~ ~ 1l’i 5 : altering some so~~t

r~~It~~in ~ r~~~ t i S .  ‘ o ~nvest:~ a tt ’ ‘he : i ~~~~ l aspec~~ alc’ne . a gaseous

:~~~~~~~
- J i f : u s i ~~n r1a ~e ~as .st~ I, S t v ’e ’  o~ system elim inated the

p hv s~~~.t : p d r t  o t:~~ pr~~ t’~~~ ’.. .~~ ~1ame structure st~~dv w;~s pertormed in

5 ~~~l e te  :~~em~~ca  spe~~~ es , ~~~;~e rat i re~ ar~J S o t  ~r ’ t ties were

measured tSr~ u~ h f ames wit~i an~ w~~ h~’ut ~at er ~dded . A lam e vi th added

r igen was .k ~ a .  ~o d it c ‘m;~.ir son pur;~~~ .”.

Th~• s t ~~ Jv  J.~t e  ~s s : ~e~~h i t  t o m p~~e t e ;  -~~ ‘ .c r , t i e  :~~~~ cwi ng resul ts

rn he re~’orted . it appears ‘~~ t S ) O t  re~ i~ t ~t1 SV w i r e r  l~~d f t ~~in ~ s a

resu t a l wer~~n~ t emperature t S r  ~ugh~ Ut th~ ~~~~ zone of a di ffuslcn

‘l ame - : t~~ ac~~impan ’ .~~rtg r c : ~ ~~.o n th soo t f r~’.ei t :’n ~~~~~ w a t e r  is ~tcre

c fe c~ ~ ‘e I:~ ~~s r es p e c t  th,i:~ • ;~~ i ’.’a e n t  a n i i it s  ~~ :~ i t r  c e n , leadir .~ t o

.e conc is I ‘n t h a t  •~ ~ r h i s . i he~~ ca InS  S t i n g  e cc some exit ht ’r rn ’. C

reict io ns ear ~~. ~r. e t~~e , In  a~I I it~ cr~ to It s t~~ør ~~.i1 e t f e c t .

An I~ ;’’rtant ~1nd1ng was th at there were high concentrati on if ~x’~~~n

~resent in :ne fiel zinc ‘f th ~’ J i t f ust n f ix-it’ . A c .~ricent ric tube burner

was u ’e ~ ~~:t h  the inner t ihe i r r v ~~ng fue l and ~ ut er  ,he ,i lr. it is

wn :~~~~t air ~.in diffu se across the ri~ of the S~;rnt ’r it rates cc~mparable

th at ‘ t  ‘ t i e l  f 1 ~’w. This ~ind:ng ma” have th: r t a r t  imp lic at lins

fir h tIin modeling.

A soot samplIng aetn ~~ ~~~~ a ’. qo de~’cl~~ c~ in t t i t ’  c i r c o  it the program

•.h~~ h Is Idea l  f~~r measurements in certain ‘vpes if fla mes ind wh .ch repre—

~ents a si gnif Icant advance w~ r other meth dc In ri Id it’ . and repr~ d ucI b ilit : .
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INT RO DU CT ION

The primar purpose ot this study v.is to detern i ne the nature of the

rtonphysiczi l processes which cause water , when added to fue l, to suppress soot

tormat ion. By way of int roduction to this report , a short discussIon of soot

f ormation processes is presented .

The burning of most tie l s is accompanied by the production of Soot .

~nJer prope r conditions fuel is converted to carbon particles in certa In

flames. These pa rtic les radiate , pr oducing the yeUow color round in the

so— called ~iuminous zon&’ of a flame. In some cases , the carbon will be

c ons~esed by oxidation , whi le in others it will be released as free soot.

Thus , even though some flames will be highly radiative they will not

‘iccessaril y result in the formation of soot deposits. The radiation can at

Ines be useful —— such as in certai n furnaces or in the light produced by a

c indle f lame —— .i l:hoigh it is usual i .’ undesI rah :c In m i l it a r ’ .’ app i l c at t i ns .

Is a lmost never des i rab le  in a combust ion p ro c i ’ s s .

In the future , when ~~ wi ll be t ) rced nore and more t o  re ly  in s ’ c n t h e t l c

f u e l s , the prob lem of carbon and soot fo rmat Ion  can onl’: ~~rsen ( I) .  T his is

due t o the fac t  that the s’;nthe t Ic f ue ls  con ta in  a higher percen ta ge  o~
a romat ics  than do conventiona l petro leun f u e l s .  \ good measure of the sooting

tendency of fue ls is their hyd rogen carbon r , i t l o . The lower the ra t io , th~
grea te r  the soot ing tendency . ThIs ra t i o  is low for  a roma t ics  and ‘hiis f r

fuels wi t h high aromatic c~ ri tent .  Tor ivent iona l  pe t r o le ~a~ fue ls , c o n ta i ’ I n~z

ty p ica l l y  10 to l5~ a romat ics , hay .’ a H , C atom ra t io  of about . Sy n t h e t i c

fue ls  derived f r om  coa l can have ~‘iore than T. i r u n a t t c  content , and have H~~
ra t I o s  on t he o rder  of 1 .25  unless ex te ns ive  p ro c e s s i ng  Is pe rfo rmed . The ~L C

ra t i o  )t  sha le oil Is inte rmed iate  to the petro leum and co a l—der i ved  liquids.

The mec hanIsm or mechantv ~s of soot t o r - i a t i on  are not genera l ly  agreed

ipon a lthough they have b,’cn the s ubjec t  ~f hundreds of a r t ic l e s .  A review by

Pa lt~er and Cu i lt c  (2 ) ,  a ch a p te r  in the ~
,‘xt  by Gavdon and ~o l fhard ( 3 )  and

a r t i c les by P r ter  ( )  an d i~os ’4rj  (
~~ co n ta in  ~uch t t o c  lit r~~it Ion

n e c e s s a ry  fo r  probing t h t ’ sui ~’ j e c t .  The pr hlen can be c e pa ra te d  Into a

~~~ ci ca l and a he~ Ic a 1 par t  , the hen Ic a I lea Il ng ~ ‘ I: t Sc forma t ion s o
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-

~~
- --~~~~~



1 ~~~~~~~~~~ 

- --- --- - —

~~~~

-

precursors trim tue l m d  the initiation ot the nuc u ’at lm ;r ‘cess , w h i l e the

physica l pa rt  conc e rns the i m i tat i on  it g r ’~~th ~r ‘ i r t i c l e s  to  a c e r t i t u

st ze.

The nature of soot r~ ts~ in f lames is i:~de pe ndeut ‘t the ty pe  it uel

used or the cond ItIons under wh ich the tue is burned . Phys i ca l ly , s i t

c o n s i s t s  of sp herical pa r t i c les w i t h  dimensio ns t the rder it ~v e r i

hundred An gs t r o m s .  T hese sp heres are usuial l .  a t t a c h e d  n each other so as to

fo rt~ what looks Like .i st r Ing or beads , sit S larger ag~ 1 .~ner Itt ’s ~at forn

wha t look like clusters of grapes. There ire cont 1 i c t 1 n ~ rt’p rts Lu t he

literature on the s t ruc tu re  of these spheres ( S e c  ret  e r e n c e s  2 and 23 t i r  a

t horiug h d iscuss Ion f the sub jec t ) .  ‘~nc study repor t s  t hat ni r grap hs shn~
that the p a r t i c les ire const ructed it g ra p h i t l c l iv e r  planes in in onI n— like

~r sphe r tcauv  co ncent r ic  s t r u c t u r e .  The ,m .’ r s pac Ing is ~Iose to but

greater  than g raph i te , w i th  d i s t o r t i o n s  and d i s catlius . r . r  s t i t l e s

report tha t these spheres o f  severa l ‘ i u i n l  t e l  Angst  r e ~s consi c t  ot smal 1cr

c r v s t a  lii tea w h i c h  in turn have l i n e n s Ions it t ic r l .r  t i t i ’s t en ’.

Angatr oms.  The s t r u c t u r e  : t~~,. sna l ier  c r v s t a j t t e s  Is close ‘ tha t

grap hi te , a lthough the p .ines a re randotn ’ c t m ~~~ ed m i d  have spac~~’ig

a pprox i mate l .  one—ten t h  A n g c t r ~ ri g r e a t e r  th an t he 1.~~5 ~ s pa c i ng  In ; l r u’

grap hite.

A model has been pt ‘posed by Howard (5) whIch exp lains t h e  cr ‘sth 1

crysta ltte s arid thetr aggl omerati on tnt lar ger spueres. T’ . —i I”I Is k 4

~n an assum pt ion it ionic nucleI being cit net  t he  a c t ua l  p r * ’ c u rs r ‘.pecies r-

the r esil t )f a neutr .m r rec urs r icqul t I  ‘i ~~ a charge . ~osui rd ~ev e  lops in

express i on  wh i 5 r e l a t e s  t he “ m r g e  on a ~~ r t : c i ”  t i  i t s  size. 75&’

ele:t r ’s t ati c re p u l sion kt~tween cr’.s t a l i l t e s  revents •a~ g m e rit lu ’ ut  I L  the

p articles ire large enough to c i f t i ien tlv se;’arat . the charges to all ow

coll isions. Th. sIze necessar b r  ag,~1 ome r mtIi n mAile r niii ~~a ? I 3 n

cond I tions was pred I e l  by Howard t be ~t t u e  irder t 2 ’  t 3) \ng st  r n ,

in agreu ’rtent w i t u  experimental va lues .  The agglomerates ‘ ‘ en g r ’ w , adding

h a r~ es , unt i l c o l l i s io n s  a re no longer ~ ics I~’1e t i e  t the .a~~ . 1  so f t Ic lent

k b - iet t energ y t o  ~vcr come e li ’  t r  i s t i t l c  r e : ’ i c i m n .  T h a L n~ t ’ ,en begin t

lo p t ”~ f i c  t ‘hat th e most “rohs ’~le inta ~~ po Int s f i r ha rget sp ieres 
and2



cna r~ ed ~~d ies  a re at the ends it the bod tcs. F u r t h e r  reports (o , ’), ?lowe ’.cr ,

m d  i - m t . ,’ that the ‘b ce a p p r u m c h  Is too s ~npl it t.’d , in t hat :iust part  Ic les In

a tlam e ire not chdrged , and the c r y s t a l l i t e  st.ie I c c e s s i r ’ . f u r  agg l o m era t i on

nay not be accur ate.

Chem icall y , soot iornmti on occurs di ffere nt:v in diffusion and premixed

ames .  ~~ d i r f uston ttam es , soot production Is dependent on the C/H rat Io of

the t it ’ 1 , and dcc remses in the order

‘~.m ; .the:enes ~‘ ~en~~ent s ~‘ .\cctvlt ’nes “ D t i m l e t t n s  ‘ ‘~m t t o I e f i n e s

Par i ft ins (i).

:n premtxed ames , the C ) rat Io Is ilso Inp rt a n t  ( 2 )  and the above order

d it ’S  n

‘tan’. spec ~es have 
keen hvpo t hc’.i~~~t as s i t  pr ecurs or s Inc l i t  log: C , ~~

C , • • ~~~~~ pcI .ict ’t ICO i S , , mid ~~s It i .e  ion s ( L ..,L~ ) (3 ,5) .  ~~
general .mn~i .1 rt ma~~~. ~‘x usive ~tec nan: cns have ~i . eu  ‘. i g g t c  t ,~l ( 2 ) :  ~T it he r

t l r e t pol nt’rt c ,t  ton ‘f the t .,el 11 s.’l b , len’. dr ’ g e nat i o n , r t e c r . m d a t : o n

it t~~e m o l e m l e s  to  slnpi .’r spec Ies t l l os’~d b. ri - i  t ion s ’,t n m:e —

r i  gne : s mud Ic C ri~ m u  ‘,e I b. Ic 1: ‘1 r ~~.‘ m t ~n.

“ mu . g~~e iti c ne h.anlsns ‘~ave “ e n  s u g g e s t e d  ( 2 )  havIng v5rlous degrees

0 ’ c r e d t h i l l t . .  re s. hcne wh: ch  has gaI ned S n .  . i . c . ’ p t a n c ”  (. ,‘~~) liv i ve s

t i e  I” np q tt l i p  t a ~~ s n~’ :~ ‘ s t  a t ’ t ’. . ’ni ‘rI r t s~~~ t f ’ r n . m t l  n. r t e r

( . )  s m~~.s ‘ha t m , . t , l , .ne Is ‘ u v e r t e d  t i r # c t  lv t O c  .mrb n .inI S I r  geri wi ‘ut

~nv i vi’ig c I t  ~•r C2 r in higher h v l r  .mr ~’.n.

cons t Ie r s t h e  ..‘ no L e a t i  ‘P s t ;

• 
- 

: :~~~ 

H (I)

“t a l .  ( 10) , ‘ we v e r  , found a • ice tv lene le .np ’ s e t  t herma y t e l l

a - ”  I •‘u.’ s • I • . S .~ 
‘ r “ - r c a r  ~ ‘ s

3
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:11 3 + U (2 )

11 + M (3~
+ C 2IL -. 

~~ + H (-. )

+ M * .i u ( 2 ~ 14 ~ M ( 5 )

C t ’ ..

In .m review a r t i - r c dealing sit S .ic~ ’ r ’ .’ 1e n e  corn hus t  i on s l~’I l l I m n s  m d  Smi th

11 ) presented a scheme t r  t t m n tirm ation ‘f soot  f r o m  .ic .’t ’.’lene Involvin g

~ianv r o u t e s :

c~ H~

-‘ I ~~~~~~~~ r a d : c , i l s

/

/ (p.1. ”ncri~~: i t  f i r . )

nu :c :el

( ‘i. v. mc ~~tv 1 e n e s )

p
pol’.~~er Ic irom.a t I- s pa rt Ic Icc

m ud . 
~~~~~~~ 

and so ,

pol :.‘~~e r —  1.1. t’ —.o ‘ c c l  a I s 1 vn.’r t or t ~~~ ‘ r
c o l  Ids r e m , - t ~ ‘ns ,

~r n.m t I c s , t So ugh b Ig ’: 1’.- s,’t lug , ire pr ’hibl v n ‘ t  t pr .’ m r s’ rs. Pa Iner and

u ’. Its  ( 2 )  s t a t . - th.a t b.nzene pv ro l v~ ec t o  produce dl a ,- e t v ’..’ni’ ~~ ich Is a su it

p recurso r .  Th gener a ’. • any hlghi’: u ns a t u ra t e d  *1 lpha t Ic n ay  s.- rv e as a c oo t

pr• ’c m r~ r.
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The add It ion  ot c a t e r  t i  rod s .‘ .mn g r c m t lv reduce carbon t ir’ .m: i in. .
~s

in ex.rn p Ic • one c .m:a cons ider Sc ‘ i ci’ i t m i d  tog sui t et t m  ‘ ‘ m l  oil s an

.‘~~u m ~~~i~~n. The ~~ount o f ex c . - ss  a i r  - : c c e s c i r ’ .’ t . m e l tn ina t .’ snoke --an h~’

great l’. reduced by the ,m d d i t I . .m ~ of wa ter t i  the t u e l .  The ~.t 1n re . i l i c e~ t r~~
t he reduction It  aIr  more tha n .- c ; .o :sa t. ’s I it  th e  e ne rgy  I ~ss t ro r n  t he ‘~~~t e r

add i ton. \ spt . c it Ic stud ’.’ (1 2) can “.‘ c it t.  nake t h i s  ; m . m n t  I t a t  ive .  The

m i t I t  to t ’. o f 2ui~I bY ~~ight it c a t e r  t t O e 1 ot t n  ‘a conner :.a bo : ler

( u ’~~n I va ‘nt t~ a bout one ; e  rcc ut f t ‘me i t - m I mel  .i t~i .mi r ) c i ’ .  . r~I t ’  a ll ow

a reduc t t i n  In the ex c •tss .m i r  I rom 2~ to 1 2~. by we Ight • w~ t ho it Inc r.- . m s ug t ue

e’.’c l of snu ke (Soo t )  enj ss t u. At co ns t , m nt  s t o i ch l ’n~’tr:: r . i t l ’~ t he

; m ~m u t  It .  of sno~ e d r i p p e d  by a t a c t .  r ob 3 t .  . . This re sui ~‘t In an Inc r e , m s t -

Ira e Ic eri c -•‘ oh ab ut 2~ as rica s m  r s d  by : t’rmp. ’r.a t ure c h.mn ~t . ’ .mc ross a

The s u p p re s s io n  1 s i t  : ‘nn.a’ ion 5’.’ w - m t e  r is t m s ~ 1 -n r.- t h , m p ne

pr c c c c .  ‘ r ‘.‘e r ( 13) and T a c :  it ’S , ,- t  m ’~. ( 1  ) have s t m l  : c i  tie r -- I v ’ ,ihv~ 1 ca l

e fec t i t  -w ,a t i’ P o LI enu 1st otis ‘ri c o t  f u m a  I n. Dr p I t  - i t  us’ ‘ ‘no i s I on

(g t ’ne’r.il ly 2I~~ by weight water) were ihs,’ r- .’ t’ : t burn nor snout Sl y but w i t h

v ’. ’~,. t ’nt r m p : :rt’ ot tn. dr op lets. The s o — c a l l e t f  ~~ ic r i ex : ’ I . s i o n s ’~ or

-icc ‘nd icy  at  ‘n . ,r it ion ” Is l~m . ’ : ‘  the ~~i 111 rig f t li t - ~~ t er s’: t 1: in t h.’ ‘il

dr op let.

m u .  r ‘cx p 1 ‘c I tic .app a re n t  I v ic c  m o n t  fo on I v a n.m r of t i c

-i m pu r essl on t so ‘t t m at  Ion. Rest ’ m rc h t ’ r c  who have ‘ .r ud ImsI t he  : ‘ r ocess

belIeve t h at  an I m p - i r t a n t  el fect if .-ater ~n soot f i-nation f -c  - ‘h.”r icma ~ —— do-

one r ri ui -i ’ ‘ rep tc al p ~c”-icec . ‘~~p,’ o f t hos t ’ pr , ‘ e - c c , ’c w i ,  I ‘row

pe nt

In t he  c a s e  if I iqu Id f ue l  • t u e  coo l Ing  :‘r’duced h’.’ t i c  .a~t~ted s -a t e r  nIgh t

I ec c e n  the Ii ~e I 150 ,11 ut  ‘
~t i um1 i— :’hacc :‘-.r ‘I v s is an~t t Ioms red uce the product ion

of c arbon (I ~~ 
‘i . Tb is carbo n, , h o w ev e p  , d ies not ha v e  t u. c r- .- c t , a  IIIn,’ s t r u c t u r e

0’. sno t , being ‘nor. ’ o o k e — l l ’. e .

e c u n d l .‘ . s- .’a~~.’r - i m i d r e l i c ,’ the tenr .-r.a tui re In t ’ ..- t u e l— r i c h  ‘ in,.’ of

d f t t u a l  ‘n flames ~
4:I ch ~,ujd I ms’p p t u e  r a t e  it s o r t  t~~m;at l~un.



T l i : r t v , — . m t e r  c i u l d  mc:  ,tir. ’ c t l v  .‘~~h t o ’ curl’  ~~r tic i . ’c a:tCr

m e .  u rn • i c c  mr - l i ~g t m  Sc -.. i — c t I I ~‘~i 
“ pr ‘I mic er ,. .a s ’ re~ac t

C H- ~ CO U~ ( - )

‘.t x t , c i t . a f t e r  turned , could  r e act cl t Im H r ati c a s which ni ght be

pr u d uc ed ro m the a va i la b le  wa t t ’  r ( 13 , 1 -
~ 

) h\ ’ t ht’ r.-uc t I n

H L . t 1 2 * H ( T )

ti k:net t c.mllv un i K c l v  t:: di f t  m m s I o n  t .mnt ’s , w he re  in I i.’

reg l .mn , w a t e r  wou ld be com pe t log i m n s i m c c e s - m t u l l ’ .’ f r H a t o m s  c m  t h  the

It se I: , ac c m r Ii rag t t u e  r e a c t

~~ S H ( S )

The’ re l a t’ .’e r a t e s  ~: r . ’ .a c t [o n s  ( T )  .i :,~~
l ~) c,mn he e s t t ’ n a ’ . t -d .  The r i t e

- ‘ u s t ~an t  f o r  r e a c t  I n  ( “
~ Is .ip;’r. ’ x : n a t e lv  l i~ 

‘.~~~ ex p [ _ 2 1 ,~ ti’ I)  ‘ ST I ,  mod t

r e m . - ’ .  i m u  (~~
) .a p p rc x l n . a t e l ’ .’ O ’ ’ ex p~ — ~~~ RT; m u ‘mn :t ’ .  t cc ro le  si ’ ’  (2 2 ) .

a’ con stan t ~~r reac t Ion (5) is an, 
~~~~~~ 

,n , mt ~ h . a - ’.s~, on r e t - r n  (2 2 )  i t ~~

w I ll it course  v a r .  l u r  J : t f e r e n t  ‘ . 1 e 1 5  ( RH) .  Assuni ru g r ough ly .‘hua l —iola r

c mn ceu tr. iti on s i t  f ue l  ai~~ s’.mt ~~r ~~~~~~ the rat Lu of ‘ . ‘m r m t e  f r e O c t t o n  ( .~~)

re’,mc t I on ( 
~ 

) at  , cay , 1 2~ 
‘ 

~K 1 c we ll “:c t I , a’ : . l  eve n . m t I ~~~~ ~ s - it  II

~a p p r ix im a t e I v  2 . Hence , t h I s  c ’ ,en i- i I  .‘x p l m a n a t i o n  r t m .  e t t , ’ , t ,jf H — °’ f ç

r i led  si t  ‘r l i f t m s i  ‘n—t ue c ’srbmis tlnn .

I - ‘all’ .’, there Is t he  p u s s  I ~ i i  t h a t  w a t e r  cou li n 1: r e c t  1, -c ’.

one r t~ore s t ;‘r’- :ursi r- i so h .16 , C2 , C3 , 01, C,H , C2 H 2 -en d ‘~~H5.

P 1 .amms: ’... r e a r : i mns can be h ’ p t , ,-~~j m -ed f r  al l these cu ,:les w i t h  w a t m - r ,

c m  I ch  —‘ :1 I then tend ‘ reduce ~he l ev e l  if - - : ;-r duc t in .

‘i the present - i t oh.’ , it w a s  l es I r~c~ s t u dy the chen i - al  •‘ I t , ’ tS ol

water independentl .’ t r o n  t m ”  pnv c l , ’ ,.a , t m  detemn inc ~- tm :ch  c he n l c a l  e t I e c t~ are

re spon sib le f ‘r the r” l ’ :  t I m p  t ~~~~ • rhv i ene  c-a s chose n as t m ,  f uel  for

th I a St  m d - ’ as , In l i f f i m c i  .n .anec , t Ic tnt -n — m e t I a ’. ” In  I t s  dt’ ,’ .nc,- 1

S m u t  ,~ ‘ t Z .  

~~~~~~~~~~ . --- -~~~~~~~~~~~~~~~~~
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A.

A bur ner co lt s 1st mg it two colic c o t  r . tubes was : omi s t r mm c t e d  ‘ mr t i e

I t 1 m m - i  ion t I mane ‘, t ud ‘.i’~~. Thu- I r:mt ’ r t ~~~ , w hich m e l  c u re d  1 -rr’. ins ide

1 i . m n e t e r , s~as used t ca r r - .- the • ‘t l’ .v1,’ m ’ .~ is U as t h~ w a t e r  r n i t r  cc ’ ’

, i J d i t m - .’~~s s hore  im ’ u r : - r l m t e ,  T o  o ut e r  tub,’ , mpi’ ,ms ’ m n j f l ,  H5 ‘rn in Ii,lmr,’te r

ca r r : od  t Oe m~~r. Both t u h.’~ w ere  ‘ a c t e d . m l t e r r n . m t , ’ I .’ ’ ,.mi t lm a s~’t ’ ’.~~~’, i t g au ze

l iv e r s  .304 t ine posh s- ’ret’’lc . Th’~ sc c e r ’.’t’d t pr m ’. ’ . l t -  lan i-m . i r t I  mc w i t h  Li t

profiles. The tiame was f u r t he r  c t ,m b L i~~ed by or t h e r  t i n,’  ‘n,’ s m m  s c r ”cn ci ’’ .  on

top it t ’me I :‘. m mer tu be , .arad h. a short l I t - m o  t e n  oh inot’’, n top of t

‘,mto r t ’ i f - .’. The t i e  1 ‘ . i”t. . ill be -nove l ‘ - ‘ - n ’ .  i ca l  y r el.i t i’.’t’ to I’m, m m

t ub e. re’- i t es t t .arie stahL I t .  ..~~~~~ .ac h Ie’.- ,~i w ’mt ’t ’. t he t im- I  ‘ m ’ .’ ‘c i ’ .  pos t i O m m t - l

a I c c  n t l l i me t e r s  e i t m m . ’ r  ah , m ’ .’ t. - r  be ’. c t ’~ top ot  t u m ’  - h inpe- .’ . S Inc e

s.impl lug , es ’ ’’ iii I’.’ I uw In  th~ fl ip , ’ , c m ’ - I ac Ili t a t ~~ cO t ’ ” . t mi’ “‘ i nn. ’  r t m ’~’’

~~t s  a ” - .’e t ’m.’ h l n m m e ’ , , t h I s  pa r t :c u l a n  r : t - n t m t t ’ n  c m s  used t n  t I re huil. I

he f la-mi- ;‘ r i b  I rigs. ,m ii I I I  t ’ : c , l s t ’ , r t her Inc ru t ’ - - ’ . h’.’ f so Is ’ . r~ the  5 ;  rue r

in a t ine hum id t r ri 5” ; 1 ch t ‘ ‘ ‘ . e - ’ . II l.a t I n  s v s t  ~~ O i l  ~n Ii ~c onne c ,‘ . T ic

resu l t  c a - i  .a I mps’ wh I ch  c m ’ . v t s m , m l l - :  s t e ,mI’ .’~~ ’l t’ t o , -  .‘ x c e p t l  ‘it : nc :m -ii o rmal

sl I gri t t c .‘ ,‘r tng at t m.’ t i m .

~Im mci ’  it ‘ w a s  l,’c Ine ,l  t ’ m . m t  .. n e , a c m r m b l c  sri om i t ~ ‘. 6 0 ) ’ .  he oh t ainm’ i : ; n : r a g

.‘m ra •‘xnc r - — - ‘ m r  ‘—4i Ii.’ at ‘.‘ .‘ sam ,’ m n.- not he l ug ‘verw he :— ..- i b’ ’ ’ .  he amOu nt ml

S u it  , ‘. n .  I ene m.- ,aS ‘m cod ac the 1 . 1  . Th is gave -‘a ri It r .a t e ,ar , i ’ .mm t if s u it

interned ’. a t e  t m  t o o l s  such - a -  1 iw ‘ci t I ’ m ,’. n.’ h i m , -  a n- I high s o t  inc a. • ‘ t v l e n e .

.t r ’ al~’ eth ’ilent ’ a o l , ~-m men nec es- - i r  , pr ’ :’uri’ i~~ n l tr  . m ’ - ’m

me’.~’ r” 1 tn t  u t “.“ bai r nec II rI m r ugh c a l l  hr it  .‘d r it I - a 1 r I ’ . mc. c .

c a n e  - m e t h o d  ‘was -i.’.l t i  mp.’ t ’ r  c ippr.’ccc~ air in’. t he  n m m t . ’r a i r  I i i ’ . ’ , - .

.‘xpo r  lri’,& ’n’. t s in c’Im i h  w a t ”  r c m  ‘~ used as amm adil l t ye , the et hy l e ne

w i - i  h,m t,cIed thr -ugh a f l ,a s .’ --. ‘ . a I n t r~ be u ’ed water. “.‘ t ’mbi o g le;al l i ~:

.,. b ,1 rp ,.~~ m~ we ~~~ as  t mi ’ Ipnep burner t 5.’ wer u.’ a ’. ‘1 ‘ a bove  I ‘)O° C ‘ .3

-: w ,a t ” r  vatuor on t ’me wil l ~~. T i r i n g  t h I s  pha s e I he



T ”

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

_

the .t ,ai;:t’ I . ,v i - r s  -to.! s..m rei’ n~ — m “ t , ,~ t ao l  t ;hc u,e- ,ape es s e n t  I,al

t i  re : ice the tun ” ’ ,l. ’ , e c a m s . ’ ,! 5’.- t e rn  - ‘ r , m t  i t o  c r 1 . ! : ‘ m m t s  ~n t mm , ’ to i lit- . n

a t . ’ . I t  I in • a m Oo! Ic vo l  Vi’ w.m s ’. i s ’ ., a il e d 1 cm ;-.’. r t’.a;mm too i uiSh I.’ r . h’. ri- ,1 ‘ i  in’

t O t ’ a ; ’ e r t u r e  ‘. t he  v o l . .’ , ‘ n m ’ ’ . s i m n ,,’- , In t o .  s . S t t _c , c im l , l  lit’ e 5 im . i i  I . i’ .! ,

‘r ev em i t  I ng t he t I .arie t r un  “ burr ” ~ng.

Rath er  t m m , i m m  c c l ’.- on t heo ne t  j c .a l v l ;’ r m ’ r e ’ ,’ .m ;re d. mta mod s i t u n  a t l  it’ . to

,! e t - n - - m i r a e  ‘~~ter ‘ v  ‘n c o n c e n t r a t I o n  mu ~- t ’ m & ’  , the cut e r ‘.‘.m p m i m  ~m i s  cmm n dens t ’d

and im ,v ’, t j t . t i !vt ’ Iv cm u i le , ’ t od  in c o I l  t I  ‘s’ t e s t ’ .  t r a  : . ‘ t c r - m l n , ’ cc .um ’ m. m n t r m m t m ’ m n  ‘ as

m t ’ m r . c :  t o n  at  toPper mtm m r , ’ m :  t m ; ,

T m ,,. l I nes  I,’ mm d toag t the bu rnt -n  co ne s u I t  Ic i t - n t lv l o g  t .ill ‘c m ’on;’ iu ’ ’ . u .

~ lxiog : 5o ~ thv 1~~no , i t im! - m ’ . t r m g e o  or ~
- , : - r ‘. , ior c~’ .,- ’1 .app r p r l . a t e , m,, ’ : o r e

en t e r I ng  the bu rn t -n  ti;be.

Pr i t ’ l l ,’’; thr .i,t h the d t t t i m s I m n  L i-nt - ’; c It l i  ,i :’ ., ! c ’ l t ’ . m i m t  . a d d l t t ’ .’ os ln ’.’..’

—‘ ,‘ri ’ ‘“t  a:m ’.ed to n 500’ . , ~~i;~~pj ~~ ml s;’.’c lu ’ ’ ;  end t o P p er  ~t c n. ’ . T i ’

v a r ious s.mnpl Inc lt ’ v t , - ’~s ’ ..’ .’:’ — , om ’ .m~,t .m - t , i. t i  a -p I ’ r .“ , t m m l p u m l . a t t r  c~;Ic! i  a l l  ‘c.- I

p r he : rms :t I r’. L og les s  t h o m ’ .  , ‘i ‘ml-m n.~c i - . i a n In “~ r h  .‘~- n t I c  mud

‘m o r l z o n t a l  l i r e c t i o n s .

It  mi nt ’ m ’ r ‘ 1  los  c’ n. o~’ t am ‘m .~! s I  t h i a  2 nil h o a r .  c m  - - P t  ‘t  1 ‘1 Rh

t ’ mcrp icou :’Ie C Opt ~c t . ’ t t ‘ -a r e n t  I — .‘ ‘. ..r. ‘ t k ill Ii;’ on ‘ ‘ ‘ t m ,e rnocn , m p l e

a.! — u - — I n ’ . —. . m as t !m,~ r enm pt- r .a t ri’ It ,mn’.’ m O  ‘ .1 ;~~ . O ’ s I t  Ion co u ld  ~~ .‘

m r .’ I n .m —ma t • en of soc ‘nmd ’~. 
Ttm r,’ soot cou I I ‘ m.~- -; ‘ ‘‘ .‘t t ‘ ‘ p It ’ .’ ’. I c . a  I

ma c ~ed u , o r b u rned o t -.‘ r ian.~’; ’.’ o r I rig t ‘me ~
- - , ‘ a l  in • an ‘ m m I: rig pan t

‘m.’ f I man e, Corn .-; t i ‘‘m , l ime r id  a t  ‘ ‘ coo 1. 1 rig 01 1’ ’’ • 0” m’~ c mu p l e ci r e

‘it  
u mo miaoxlrnurn t l v ” ,’ ‘. c . ip , ’ n  m t m r , ’ ( , a m

~~~ir  I ~5’ ‘
~ ‘ t • ‘o rr~- ‘ . 1  0

mb ‘ m t  I ‘~i) ‘‘~ . F m  t m  r ”  ‘1-inc c m  1 I r C ill ng . 1  t “ mt t h e  rn’ .’ i imp Ic

“u’ il .

mne t h m m d  m is c !  ‘o ‘~a mnp e t m.- -i it  is ‘mue ‘.‘;,m t w,’as “ ‘ ‘e l n m ’ m ’ t  Ii t ol s

‘ n” a q  i p.3 ’ t  t t ’m~’ pr g r in.  ‘a paper  des , - n i 5 I n~ t h is  n.’t ’ m d  has ~~~~

I t ’  r p.m bI t  ‘ ‘it I or, by ‘, ‘— I-i; s t  I on and F I ma rie (I ~ ) a m !  Is Inc I 1.-l as a rm

t h i s  rerun ’ .. ~~~~~~~~~~ a na t - n ’ s ’  d Ivot  ‘ ‘ .  glass is qui c ’
~m lv

I-ms. ’ r r .‘ I in’ t arne a t  a rn -  I.’ ’ ‘- — m ine ! hi’ -I ‘ .t t r a ri t a  . mn , I  ‘anO in t

1rie , i ’m.! ‘.‘ i l c . I v  . m m t h . ! n a ’.—m . S ‘ ‘ .  t~~’, ’~~’. j t c  ir~ “,‘ ~~l.a -~c c o m r . c n ; m~! ‘ rt ‘ h’m



c c . . ’: r i t  1. t m r ugh t m t  1 1 a:. ,’ . I’!; I -. ‘c ,a s I - e ta  s.’ m o e  ci t i m  ~ . t t ’m .s I I omet

am’..! t O e  r.’ s m l t Ing op t  to a l  do t ’ . ’, I’ .  v ! . t :.a ‘.‘ ,‘ t . ’ c ) r m ’ .’ o r t  ‘.1 t ~ . t t :~~ ‘.‘ Ia .m

r . . _ ; .a ’ t c r ,a : t .d ~~)r.v e r ’ a : ‘ mm sc en t ’ ,

‘. ‘ec !e’~ : rof  t Ie s  ‘.. ‘‘ c t .  a I m ’ .c ’i! miS mg .i ; u.m r t ‘n ‘ i.’ mm curt ~unc t I mm mc Ii

. a mm o i l imodr  p m  l~’ ‘t~ s~ ‘~ps ’ , t :  ,‘mn em’t ,’ r .  :- -~~ m r  1,. c’.m s cons ’ .  r u c t e d  c. 1” I

‘‘ r t u r h  ‘.1;,’ l v”..’ .ic 1 : t r I e  is ‘.‘‘S.’ll” lt’ . Cs , ’ig, Lm~on’.: ‘Os ~m m g g & ’ s t e d by

Y r  : r “ .i :md ,,’ S t  ‘‘ mm ’ . ’ ’’ r ,m, ( I  “ ) , ‘ . .‘ no H’ ..m s ; in S t  r ‘; t Oil i t  ‘rn .!, qu~a r

t m m t ’ l t~~ t , l p e~~’~., 1’ . ‘ ‘  i ’ mg le . . m ,J’.~ —, m c : ’  m l : :.’ . ‘Im,’ pt - tm
’,. ‘ c m i,

c mm :’,o ’ t e  .1 v Ia  Tet I mm m Ii:’.,’ ‘, , m t ” ’ ’ — —  m m e 5 r t mm .  S l.’ad i mi t m ‘.‘ .a cuun ;‘mmmr n , t l~~

t Imer “ r a n  cli Ie .e II rig m r ‘ m g ’ ; .i ’mi ’,’ l Ie  mom I Vt’ t m . - P t ’ ; ’ ;  s ; ’ . ’  t ‘mi’ I Cr .

mm I t .‘ ‘m ,  ~ ‘. I ’ .- ~~~~~~ ‘r es ’ , . r ,‘ w , a ‘. irma t o t  a 1mm o l  a ’ . “ x 1 ~~~~ r r mon g.m m g. ’

m ’ r e m , s u r . ’ ‘i’: t m’.e m m , ’ . ’ ! l e ‘.‘a lve . L.  gg l mg if I t ’  p r  - ,‘ c ,mc ’m t a r i L e’-. , sIn ce

a n I:’.! l’/ I ,!mM l ‘ imacs s ; .’ . t r ’ m n  ‘ m i ’.! I”,- S t a I n , ’! In m ‘P.m t t ’’n 1 sec ,m m ds , ar m .!  It

I “ g o t  t ” m~~”, ‘.~~~ n m m ,  ‘ . 0 5  ‘. r t I e  p r ’ ’~~’ I It’ ~e. tm’P(’ cI gg.s! t the ; ‘  i ’ m t

m l  “.~~‘‘ t It ’ ‘.‘a lv.’ n- t i m ’ .  r m m m g  ;;ii. ,! r i m I ‘ m g . ’ r  - “ i ’ m ‘ . ‘  ‘ t i ’ ‘;“ ‘m r ’.’ c m m m s t  a m m I

1. m’ xp ~~r i~~e n t c  l” r ’ ’.

‘ i , ’ ‘ ‘ n  “ In g  ~~t t ,  t h m . ’ ’ ’ l i f t  m m ’ ; !  0 1 I an ’ ’ ’ . ( n,~’~~’ C c m  , ti
2

i aI d ed ,

a t,!,’ .1 ) ..i’. . r m nil t ‘ t • ,‘ ‘ en I; ‘ m ’, s ‘- I e’ . .i ‘~ ! t i’”m m ‘ ‘ n it  ;r.~ pt ‘ . m  i . i - I  a . . i

a rm’. ii;m m~ i t  l it  a .  c .am, tu l 1mg m m c i ’. ‘ - i tt  rn .- ! ~~~ ~
‘ . 5 , 1 .5 , 2 . 2 , 2.  , .3  .1mm ! 3.’’

“ vi’ t ‘m . ’ him r ‘m” r . ‘ r .‘~~ m l c;’.’ mi ’s .m mS! t ~~—‘ ‘ .‘ r a t  me , ‘. am. ;’ Ii’.- ,i m ’ ,‘~~ r’: I ‘Pr-

— I am. ’ ’””. t en t ‘ 1 1 arm .’ ”.! ,• ~‘ , ‘a i” . !  “‘.‘ ,‘ r .‘ .2 ‘imp I n ‘me r “ 01:: c i  r I t 1,1 —nm

r ‘sit mi ’ c i - n t ‘ n  w o n  .“ ‘ a ’ ” ’ m .  nO:  I r .’ t r • I 1.-c “ no ~“ ‘ .  a I n oil ml  c i  h

.~ ‘m. 1, !~~r i S l t  — ‘ - t e n  r ’ ’ .a-1 t ’m~~c c.’ m’ ” t . a . , ’ni ,-‘ .‘ .‘ r v  .~~~ in—,,

R F~~ ’ l.Tt .\h:’ T I  Sd SS ID ’,

‘a ,  o’’m ,’ n ,a l 5m,”r’.’a ’ . t ins

‘c i i  t m ’~ . ‘ ‘,t  a .‘a l’.’ t ~~ . an,’ w a s  ‘ ~
‘ ‘. a In.’.! mc ’ ,”, ‘t b’ :  l.’’me ‘w as I i ’s ’I ng

m a ’ .  a n.i ’; ’; f l  s r i l e  2 .  ‘2 x I~~~~ g tc.’ . c rn . — :  ‘ m m l t ’ m m : l . a  l i n e a r  liii. ’

‘ :el ‘ - ‘ V’ i  of 0,51 ‘ri ’~~ ”c .1 r ‘- ‘ ‘-— :‘ .‘ r . m t ’ ’ , r” '; .‘and ai r s’;ac I I ø m c ’.~~ m t  -i . ” x

ct ’ - 
~‘ o r r . ’ c p ’ n !  I” m g t o  -a l i n e a r  I low ‘.“ b c  i tv  ot 1 ‘1. 2 cm cc; . T”~ cc a t  r
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,i m md tuC I r.m I, ’.. —‘a’ r ,’ .mI ~~,i. ’ ’. m s , .! r.. .m I Ic ‘;s 1 .1;.’ t h. r t o t  .m ’ !  I:’. I v . -’ ;  i’ no

pres et’.’.. A t t e r i~’ l s  t o .~l s t o.’ ~~ r Ii ~~
‘ ‘. , a s ’ . o  m rm,m, ’ .e t Ime t c i  ‘.‘ e 1 i m c t t l t ’ ~, p a r t ’

.‘‘b mi.t l r’ ’ sm: i ted m t  I ‘ . ‘ ‘no. ‘ m • ‘ i.’ker~~ig t o  m l mc . mcc , mr , i 1 C

I. s I ng lu~ 1 . ma. ! ~ 1 r i t  t 5,’ mb VC r.m t t ’ s , r e s m i l t  c,~, mn . m t l , a n  e 3 , ‘n “a

lit’ • ‘ :1 , mit t ii h.’ _!.i : : :mu ” x t , ’ ’md I rig t ‘ 2. .2 - ‘ in i ’ ‘ .‘ - , t ~‘ ‘ ; t m ,  r . 11 s. , . t w a ’ .

c ‘‘ma , m m-m ed ..tt h : ’ .  I ‘mc 1’ m.rm I nous ) m i. ’ , s’ m : I m m -. , i mme cx I ‘at I ‘.~ ‘ it  I he I Ionic’ I:’ .

A.td It  I ‘n ‘ t  cI t ‘ m . ’ ‘~a Icr i r m m It  r .gc mi t i ‘ . 50  :0 .’ 1 . !m . ! - i t  S m o g . ’  I .‘ t

m m . ’ ght , m s  : ‘ .~ I n cr- ’ i’ .cd -mc ve loc  It’ .’ cL ’. c r m ~-e m’.’;.mt ‘d So t ‘..‘ -J I i t  t a r  i t

a’ I. .•P’ori cot i ’ t  w as o! I.’ ! ‘. r ’ ,‘ f l i n t ’ In ‘.‘,ar t m . m s  arm ‘ m if l t s , It  ‘cmm s ‘ m m - ’ . , !

,~‘ I ~~ I :‘. ‘ mms ‘ ‘ m r .,’ “ ,‘ 
~
‘ a ” .  . ‘ I i’ m m ’ :’.’ , m r ( t m t  ‘m SI ‘ m e ) ,m : ml - ‘ m i t  ~~, S rm~. m l , - I r i m ’’. 1 . -n I

‘mc ’ 1 mm” I ru tS rot.’. t ’ n  “cc imp,’ en t. I r p1 ‘: “I m~e ‘mci r ii mb out, t c t hi rI ’ ; n I”

n a ’  t Iari ‘ ‘. ,id .I .’! c ater, ‘_ m ,.. ;‘rok ,.!, miii s - i t  _ .as pr’ c. ’’mt 1m m ‘ .. Ii;.’. no ,’.;

I m’.~ m: It  ~en in s ’ .  .‘ : . .m t o  r , t ‘ ‘~~ 
‘

~ 2 ~~ Ic Inta c t  joa n “ .,m.1 t ‘ “
~~

. gn ~‘.a t er

t ’  .j r r t v e  a t  r Im,’ t o t m ll’.’ hI :.’ t l ,a rm e .

1.’  .ac i.a ’
~ cx; ’ ’ r ; — ‘‘‘ml . ‘a on t ‘‘..‘ t l a me mc: t m c m i ’ . ’~ r ad t. -d ci’ no ; , - m l  m m c l  . 1  on mm

‘P1s t .rc ‘chIt-h s’O i ‘I — a ’ ’ ’: ’ v.a . r 1—’ ’ ’.’ ’ I ‘n’’ (.2]’ “~ -.ct. ’ .’.). Th:s “ m . -ie s e a ,

C 5.) -i.’n t c -  m ’ .  ‘.1,’.’ ‘mm t a r n  t ‘ 1 ‘ i ‘ ,.a ‘. 1 i t’ .’ I s’:a I - .  r .se ! n I a. - I 31

o;’cr .m ’ . I  ‘‘m a l c ’ : .at e~~s. T i n . ’  _ i ’ . ‘ia v t ’ .IL.’ ~~~~~~~ I”. tb. •- ‘iI. m m r ‘ t  the L,,—’..- m t

th Is ~~ t .’n c inc.’mtr’ .mtlor, , b.;t t tm m ,’ “‘ (oct mn s ‘t  co nc . ’ ’ m t r . m t  I-a n ‘mcmi ’. le t  In lt e ,

. m ~ , w i l l  “.‘ I t s  m i f l c e d  I:’. a 1,e:. ’r ‘am ’ ’ ’ .  I n.

‘m e ~ri . u m n t  ‘ 1 ‘i t r .‘..‘n ‘ m c . ’ l sm’a s t ‘ me ,arm ’t:nt ‘m .-.’.!i - I to ‘c : r ‘ “ : “n:’’ -n.mt m r ,

S ‘n’. .a 5 ,  -,‘,‘ : • ~ m r ‘m . ‘ n I n  i m q ~ ; ,‘ - m t • ‘ r t ‘ ‘‘ ‘. 1 a—m e I.! cm ’ . : I cal to I~ ‘ a t  m a ’ . t i (

c o l o r  l Ia r - .’. ThI- . r e c m : I r ” !  mn .a .‘. .
‘ 5,  ‘nI~~ ’. i r” . ‘i,taln . n m  v I ç I b i~ . “..a mm ,’ ’

mm ’ . t l.i —a.’ ; m~~o.’ c us m ai , 1  be -.t’ ,’n 1m m t h i s  i—.t x t  no .

i . “— :‘.‘ r l t m r ”  “e.m cmir, m ’rt ,”fl tS

Temi: ’or~m t  i t- c  Pr ‘~~il.’’; it t ‘ .‘ m’mc .it , ii l ,,”i..a it ,sl ir m ! ‘ ,— ,i,!dod I I.a m - me ’~ ar , ’ c m ’ ,.’ m ’ ,

In FI ,,~m ir. ’c I. 2 and ~~~, r e c7 e ct t v , v .  n addtL .’n , ; mm ’ . ‘ u m r  d r aw i n g s 01 l ’ (’

I s  ‘‘ .“mc r—m -. f i r  ‘. ‘ ..- t h n ’ ”  II —‘ i ’ s , l e r I’.’cal Ir sir ’. ‘. n t ~’ rp o :  a t  t o ns ‘ 1  t m , ’ t cm ’.’. - r , a t m m n , -

i t t  It’s ,ar ~’ depI c ted In. Figure -i . ‘an. Ice t t m . ’ rm, .f r.am..’ri bet  ~‘ ‘e ’ m t ’ t ’ I ..‘‘ ‘~~
‘

I ~“ ‘K I ’ m t her-m s in “ ac h af  t he  1 hr.’,’ t l am . , ’ c ‘c . r ‘ i g lm b ’ .’ r .aral l” l  I t o  s h a p e

am ’ . ! po s t  t I in of t o e  !a t ~ ines .
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The ‘ n.min t ’mc ’ r ma.m l ,‘ t l t ’ c t  i t  d,led ‘c.iter r m ; : r g.’ ”. c.a S .i hiwe’ r ing ml

t o - i ; ’  o r  i t  ire m i t t  of t  I he dark .t.m’.’..’ . O ’m ‘.1 1.’ t ‘ .is r” ,’. Ion, small or tempera t m r .’

- !C, ’ n t ’as t ’s ~~re u m i ”,, j. ~‘m e  ~~ x i~~u~ t enmpe r .a ’ . m r . ’  t ,‘.ac ’lm Ilope m a c c u r ’ .  a rn

the d .m r ’.. zone , he trig il” iii t 1 ~ .2” ‘K  I ur the n.’ .at  mid nit  r mgi . n— .mdded

f ame’a, and st ’ .g’:tI ’.’ (.ihout 50 °) m w. ’ r t a r  the w a t e r  id led  Ilame , ‘
~t:ether the

ie.asajred d l t t  erence Se t ’ .-ee:; ‘s m m m d  H :  :.imnos 1’; r.’.mI r m at ~it t hese e l eva ted

l.’nipe r atur e l.a not ‘.,:los’mm .

T.ikirig the .‘,‘m m:er ‘.‘.‘rt jc ol axis ml the  t 1am ~e m a,  an t ’x , irmplc ’, t ! m c

‘.et~;’er.etu r ’ prot I lo am 31 the thr.’.’ f lame ’ ;  can be c mxmt pmaniut (i” ;g’ir.’ 5 .’ . Since

the three t l.s~ es are at t he s,iie si:e , comparisons can he niade .mt to ’- ’

part icul.s r t lome heig ht .  It can S.’ seen Iloi t the .~1dI tori it w a t e r  an

m:it roSen has a d e t l n i te  •tfe.’t mm the te1~perature of the d a rk zone. The

.m dl it ton ‘t 30. 2 ~ o ie  percent  01 w ’ .mte r  l o w e r s  the temperat m r ” ~‘ . C m i t -  I. l i m o  * K

.~~~ a h i v e  the harrier. The ..‘ ‘ .m mi v ale ” .t lomi er1r~ at tha t pos Ition Is achIeved

by .mdd t rig ‘.2’ .-. percent  ‘ m l  nit r gen. Higher It ’. ‘.1’..’ .!.mr ~ ‘m ’ne It can h~ ‘.oemm

that c . d t e t  i’m ric e e flec t lve In lowering t t ’r - ;- e r. ml.mmrc . K m r  :‘:-mtm nc e , ‘at 1.5

Ci , I “a,‘ l : t  t e renc e be I ‘wee n t m, ’ t ‘n per i t  ‘ ir .‘s ‘f t h e  ne.a r arid ~ a : er—added f lames

is ,aS .m i i t  .2-. ‘ C , ‘cl-m I b e the n It ncag, ’na — ’a!ded t : mimic is o n ’ .’ a b o u t  I °C c o o l e r  t ha:’.

‘mc m’.e .a r ‘. I .ini. ’ .

1 4  ‘m oo c c c i  r’ .’ hen t o  I m m ~ it t he pure he m ’ .  — S Iris e I f o c t  1 both water

and ni t r  ig~~~
tm . ‘m c h~ .at needed t~ r a ise t O o  te~~p e r a t ’ i r e  mf ‘ c u t  t’r • ni trogen and

• ‘ t ’m . ’lene t ra p  .2 Q 4 t o  I000 ° K i s  ,2’ .’~, 2 . i  and SO .~ k,’ .~~- m i 1 (“ .2 . 5 . 1  and 1 2 , 1

a 1 mo 1) • re~ tie c t i ye 1: ( 1 2 ’ )  T” .. ’ nit rag en ,‘ad 1.’ ! (1 .~mt ’ ha’; ‘i 
~~~~ ~: • t hus .1

r e l a t t ’ .’~ “, e , a t — q l o m .  .‘ f t p c t  I n  n i t r  ge m ’ . is ‘ ,‘~~~~ x 2 1 . 3  — O.0 kJ ‘ P01 ( 2 .~
‘t,. ’ .’a l  301) . T’~.’ w a t ” r — .ad !e! II.anie Sac 30Z ‘ c a t e r , m t -id t h i s ’:.’ .a:—si nk .‘t f e c :  is

.3 x 25 . — ‘
.‘

~ s mi i i  (I. ‘ ‘ i i  ‘ n i o l) .  T h u s , an a piir. - i v  t ”.ern.a I bas is ,

n m l t r  ‘ .t - ‘ mm s o t - i l I r,’ d m i u ’ i’ ‘.5.’ ‘..~‘ . ‘— “ r a t ’ i r . ’  ~~~~~~~~ or 1 . 2 ’ u  ‘.i~~.C.a  ni -a re than w a t e r

l .~~eq ,  l.aiik I n~ a ’ .  t ha m d ata a ’ .  1 . 5  cin ,‘ahi ’v e the h~uimr .’ r , the  n it r igen I l.amie I’;

.m ‘;;ut 1 m ’ c oa t ’  Icr than I ‘mc n e i l  f 11 mit ’ . The water f I .armc chi ’ mi I d then ~~ m : ’ .

.i~~~~ ’ ’ i t  ~ . ‘ u ,t 1,o~’ I ‘i- mn the neat  I lame. 1 ‘ . s I  “ mad the t e n ; ’ e r a t ’ m n ’  Is

m n.m’ r x t m a t o l ’ :  ... ~~~~
‘ lower. ‘The ret  re the ,:m’iaa i i rg -f  Icc’ . 01 wa ter i.~ n

m ’ . t r I b ’ m t e ~ ‘ ‘mn l’.’ r :°.‘ ‘ res , ’nm - e at  t ”. is m i d m i l t l ’.” m ’. in inert d i I ’ ie nt  , but .a1s ’~
Pact  ~~.‘ ~x h m h t t  Ing .m cheml . ’ ma - ‘ I t e c ’ . .  The most 1t~~e lv ~~ p 1anati in iq l h.t t

w a r~~r i~ i tm l - I~~ j ’ . j~~~ e x m t ’m.’r—’.tc “. or tcal reaction in the ‘im a r. zone.
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Measuremen t am ot ‘he~~i~~.aI

Mass spec : r-)aie t r ‘ .ac,aris at I lie t t ree 1 1 .mnu. ’ s ;‘r mv tded ’,’r t I e s  m t am Ix

.~ r ‘.pec  t e s  : 0 2 , ~) • ~‘.2 • 2
g ... ‘ .1 ari d • )~ ) 1 “ ml so a r’ e’ .ic t ion

~‘r u , I m it ’t  , but it was ‘ m t  poa~ s t S l c  to  m m ’ . e . a s m m r , -  its concentration dm ~ t m  the

i.ask tr i g t its base  peak (3/ c  — 2~~) by bath  .~nd C 0 ,,, . V e r t i ca l

c ,m n c  i’m’. rat t , m i ’ .  ;‘ r it  j 1,.’s f -r the si x ,at ) r em en t I mm ’ .~ d s ;iec les along the cent  r i 1

a x I s  m t t h~ “.e.at • w a t e r — a d d e d  and n i t r og e n — -added t i  .ancs i t - e  shomiri In Fig mir es

b , 7 and ~~ . A aa r t e a t u re  t t h e s e  ;‘r m l t i es  I’; t O e ~ p r e s e n c e  ml oxygen I n

c anc ,’ntrmat jon in I~ ’..,~ I e l  ? a u e  or the d i t t m , m a m l m a n h attie. hu r ier ,t m is  t e m , t S

w e re  mad e t m  . . aams u r e  t ha t  the presence ‘1 o x y g e n  was not an a r t  f a c t  at the

•‘x~aer imental system . The ;a re s em ’ . ’ i’ of ox .’gen was r e ; ’ r . m d m m c  I S i c  and t i- i I lowed a

der Lo tt e pa: tern. n ~ .t~~l’. of  the three v e r t  ical ;a rot  i los ( F Igu res ~~8) , the

:,m nc entr *t ton at ethylene is seem ’. to decre ase rap idi .’ , d lnt n l ch i”mg S mac . i n i

an .)rder at ~agni: ude between 0 ,5  it- i d .S ~~ above the Sorrier. YCI , a

c r r e s p m n d trig t r i c r o ,m~ ,’ in ~raduc t  c o n c e n t r a t i o n  (0 - ,, C2H 5 , 
~~ .2 and pr e s i u m r a b I . ’

CO) is mat re- l i teed. n md - l it Ian , It - i FI g ure  ~ , w h i c h  rep ri ’amt ’nt am t he  m u r a l  t ie

I a r  I ‘me w a t  u ’ r ~~ m d . t . ’ l t lam e • t he Icc re.ase In the con c. ’ mm t r a t  ion ‘ i t  w a t e r  rae -an y

; c r a l e ls that  i t  et ”’,’ ene. T ha’ r . ’ t o re the dec rease  in e t hy l e ne  ~m a n c e n t r . a : I o n

Is a ’ . r i but cit “.. ‘ a- .’ lv t ‘ I l i u m ’ .  I m i f l ,i . w e l l  as  to  cher’ . I ca l  m- ea c t ton mind

I.” mp ;ia.a I t . ’ . ‘The s m—me c m t - c s  .Omaw increas es in . m X ” g c f l  c o n c e n t  r a t  ton at t h e

same tlam’m e “~~c t t i  -‘a s , mmmd ‘x ’ .’ ge n as I: ,‘ m m t i ’ r s  t he t i e l  ~m ur m ’  is accompanlemt by

‘ ‘ a’ m i t t n a gen I”. t he a I r .

I’. Is ,lesIr a~- b e ’ t u  ,ac .’ m imm ’ . m b r  ‘.h,~~ t’ ro .’,& ’ n’ .’ ‘ ‘ .  aIr .‘ I th In  t he t m m , - l ‘ .m m ne ,

com pr ts  ing i ’ m  1’ 1 ‘c’- ~ eet ’ m’mm ’sl s o t -  o if ‘x ’.’ge ’:m f i r  t he  di! ‘ . 0 5  Ion I iaT~~ as can

~‘~ø seen It- ri F g ’ m r . ’s  — 11. ‘n,’ possible ,‘mc- m t mi m a , m : t a n  is that air di f t  m ice ’ ;  in

- c • i - ‘.‘•‘ t Im e “ ‘ in no r r I n. The 5.’ ig ‘ :1 t ‘ a l a a’ I :~ m u’ ra 1 ma T ’ .( ’  ‘ c o m a :  d

c r r ” c ’  ~ m; I t a t ’ .c ’ ~u m e n .  ‘ 1  m g l Ist 1 m m ’ .’ ‘f tIm ,’ flame and t l m m m s ’ m! ’ .omi l d  be of th e

rler ‘. 1 t o  2 nrm . ‘.‘ i q i m a  m n c r e mm tl m an it  the tbir,.’ a lso  s m it,’c’; a dark ~ ‘ne of

i ” . ; !  ‘.m m t . a  l l - i , ’ ’ i q t  ‘ m.  \ r ’ ulg ’m e c t  ima ’ . .’  t the ‘ r .mg ’ - mi t um de ‘ t  -a I t t  i m m s I m n  f lux

a c t -  ‘ sa  ‘ . h t s  ro ra c ran then “a- ob’. mi ned ‘ tiEt the r e l a t l m a i s h t p

F — .1 x
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