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For ta c t i c a l s y ~ t C opt  r a t i n g  w i t h i n  th e  at p lie v t ,

p ropu l s ion  o f f e r s  s i g n i f i c a n t  a d v a n t a g e  S ()V C I’ u t~ \’ t ’nt  t o n a l  r oe k et

pr e lpu l  SiOn sy st  ems  (i .  C . , tho~ e w h i c h  a r ry  bot h fu e l  and e ) \  id i  r .cr ) .

The  p r i n c i p a l  a v a t \ t ~er , e~
; — — in c r e a s e d  r a n g e  or  g r e a t e r  p ay load at

f i x e d  r ange  —— r e s u l t  f r o m  the  in t r i n s i c  hi g h sp e c i f i u  impu l  so (1

;u soc iated w i t h  r a t n ~(’ts , w h i c h  on ly  need to c a r r y  fu e l  ( the  e N  Rh ~‘ e r

be’ ing obtained f r o m  t h e  a t i n o s  ph er t ) f o r  t h e i r  p r op u l s i o n . ~~

F u r t h e r  range ’ in r e a se ’ s c a n  be olIt  a ~i i d  t Ii roug h t h e  use  of a fu t r~~- -

p o s s es s i n g  a hi g h v o l u n i t ’ t r i e  heat  of C Ot l ) b u s t i o f l  ( M l c / V l .  O u t ’ s uc h

f ue l  is R i — S . a m ix t u r e  of i se ine  r s r e s u l t i n g  f r o m  the  hy d roge na t  io n

b i cyc  Iohcpt ~ d i eno .  RJ — ~‘ ha s  a r o l at  ivel  low he at  of c o m b ust i on  per

unit  mass , but i ts  hI g h ~~~~ 
4~~c gr :~v ’ t y  (c i. 1 .08) r t ’~ u l t ’~ ~ ~c / \‘ of

about 160 , 000 Bt u / g a l .

R i — S  is un ique  among l iquid h y d r o c a r b o n  f u e l s  in t h a t  it i s

posed of i somers  that  have a hig h degree ’  of s t r a i n  ene rgy  r e su l t i n g  f ro m

t h e i r  fused  r ing sy s t ems .  The se  s t r u c t u r al  dific r e n c e s  h e t w t ’t n  R i -  S

and othe r hyd roca rbon  f u el s  mig ht r e s u l t  in combu st ion  p a r a m e te r s

d i f f e  rent  f rom l e ss -  st r a i ne d  h y d r o c a r b o n s .  For  t h i s  r t ’a s u n , t h r e e  pr io r

s tud ies  on the cor i ibus t ion  k i n e t i c s  of R i — S  have ’ been c ar r i e d  out by

Shell 1, ~~sso~ , and Mar t in  Marie t ta  Labora tor ies  (M M L )  wi th  the

obj ec t ive  of m ea s u r i n g  ign i t i on  delay s, r • The goals of these ’ p r e l it n in a  ry

studies  were  to: (1)  i nves t i gate the e f f ec t  of reac t ion  condi t ions  or i and

(?l de termine the inf luenc e of v i s c o s i t y —  r odu c  ing  .eddit j v t s . W h i l e

e x tenS ive  data on the v ar  iat ion of i were  t tb t a ine ’t i  \v dli t h e  e xp e r i m e n t  .e~

- 1 -  
-

~~~~~~

~~U-~~~—---- ~~~~~~~~~~~~~ 
- —

~~
-‘-.-- ‘~~~~~~

••‘~~~~~~~~~ -‘ ~: - -~L -



t t c  i t  l i t t l e ’ s  t i i ~p l e ’ V t e I , it i s  n o t  le~~e t ’  lc ~~tt t h e :  c t i a t a  would  ~‘ r r e l , t t e

w i t h t ’ i c t I iu ’  t e l  1 t r t i c c ~ i t s e lt s , he c , u s t  i ~: ine r t l y , I I I  l i l i l i C  , e t u i ’  ~ t t h e

e c n s e ’t  of e c c n i t c t o ~ t i t O  l i e d  di i~. c  t i v  r . - l a t  ~d t o  o i i i h t i st  I o u  di i i ’ ,tt iou  e 1 r

I ( l I e  i t ’ icc 5’ .

~ t t t  t i i i ’  t i i i e t ’ i ’ t , t t i t t ~ t’~ ,t .~~~~~o4 i a t c ’e 1 w i t h i i n t t t e ’ i i  tlt ’l , .~’

t i i e ’ ,.t~~ t ii’ t ’ i i i i i i t  ‘ , t I t e N a v a l  A i r  S v s t t ii t s  i, c ct i ~ i t c , c i c t I  ~~h t e d 1 i s 0 t’ ’( I  a

t ub e ’ i i t v e ’ s t i t at t oii , i t  M M  t . ’1 j t i n t e ’d  at ~t ,d~li~ i~~ t i t , t i - c  h l i l c e l u e s t e d r

l i i t t 1 t t t t c r t t \ t ~ t h e ’ e’u t l  i t  v ap i d  V ph a s e c e d I l i b u l t i e d I t  pt ’~c t t I t  of I~ .1 — ‘‘ f r o u t i

~~~1t t c  ii i’ t ’ , i c t l o l l  pa i’ . t f l h t ’t t ’ l’s : Uc il  a i e d i 1 t l ) t U ~ t l o l l r a t e  . i u i t l  t h i c r a t  l o u  \\  i ’ rt ’

d 1 t ~ i ’ t i i t i i t ’tI . \V h i t l ~ t h e ’ l n c u i e c t e i i e ’ e c i . t :  1 , 1 : -p lLi : . t ’  t a l e ’ :- ~t t ’ t ’ c : :  o u t  t i l  ( o r

all Cl iull’ t’ st al i t1 l i i i ’ t ’t  t i t t  ec tu bu S I Ion Is In t l Ic , I h i t  ~ re ’ pv c ’ s t  u t  ecnl  v .t

po rt ion c c l t h e ’  t o t a l  c e c n t b U ~~t t e c n  p~ t u r t . li i  t he e ’ng in t  i t I I l l b t 1 S t t ~ c’, l i qe i t e l

t h i c c 1c h t t ~ at ’ t ’ S ~dt’ . l \ e t I  t i l t e d  a l t  ,t l  i’ e , I I I V  hot c e d u l l l I L l , ’ l  t e f l  ~‘- i c flt’. TIt us , s U c h

ran  te t  C r  as be ’ at t ra i ts  it ’ t’ to th e  i i  q u id fu e l  ant i  flue’ I v .tpo V I at j e l t i  i i

ice ’ s i~ ’j i i t ~~ an t  t a t  t o r in  t h i t i’ r u u i i n n i ~ ec\ ~t~ rail  u’a t t s and c ’ t t t t t e ’ i lc ’ i e ~~ ~if

c e d l l t t e u s t i e l t i . t h e ’ ne xt  h t ’ t ~t c  al s t e p ,  anti  the ’  c i t e ’ e l e s~ r ib e ’d l i t ’r e i n , is  to

I l l ~~’ t ’ s t u ~~ . e t t  l i i .  h e t e  t’ e g e n e ’ c d t i : -  e’ n i b u : t t e c t i  t d O t \ l  e t t i  l u 1t u t d  iue ’l d rop let s  in

.i be ct o x ue (  i .  i i t t ’ at I i  l o s  p he ’ i’ e~ 1 1IC’ i te  b u t t  ~‘ e’ V — cc ’ up l~’eI s i tot h tube ’ has been

cii t S i  i i  a :  .t 1 l l ( ’ ,~ t t i ’ t  :~ t i i t t i l , t t i t i ’~ t h e ’ it c h’ t’ i ’~~ e i l t O t i S  e ’ l l t . ~ tue  e’ t I l n b t l St I c .lll

11%’ 1 ronnie ’ itt \t it hi t It. a u  it  c c l  app ly i ng  t h e ’  k t uie ’t t e  I t ’  c h u u i q tie p re v iou  lv

e st abl i shed I t ’  r vapo r ph ase ’ R,l — ’~ ~ e d l l l l c ~~i s t i c c l t  t u t l y  It’ t h i t s  u l l o r t ’  C e d i : l l d l t ’X 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —~~~~_ -~ - . _  -
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Shock Tube

The di  f f 1  c t i l l  e ,‘ a ~~:. t , c ’  Rile d w i t h  s t t u d y i u u i ~ g e r eac t i o n s ,

s t u c h t  as fue l  c , cu ii b~~sti on . a re i t i a n y  and d iv e r se ’  — — an s i u i g  f rom

(‘. a c ’OU ufliX ing, he ’t o t’ cc g t i l t ’ c c c :  S 1’C a c t  ions , f in  i t t ’  h.’ at i h g  ci u rat  ion ,

and t emp e ra ture, 
~~~~~~~~~~ 

:~~~rc and c l e i i s i t y  g r a d i en t s  t h r o u g hout the

r eac t ion ~
‘ Cu lt ’ . Hte ’ sI tid y of t’ t ’act ion s  in cont ro iled flan’ic exhibi ts

mu st  of t hese  d i f f i c  i t i t i c s  to sou l  cc degree.  C o ns eq u e n t ly, analy s i s  in

‘11 1 ’ i n t ’  combu st ion  e :) ta x n t s~ i’s , ~ ‘he re t he s e  f a c tor s  are much more

pronounced , can v i t i d  onl y I j i t t i t e d k i n e t i c  i i i f i ’ru i i a t  ion. lit d i st i n ct

contras t  to f l a u n t ’s , shock w a v e  be ’at ing p rovides  a read y means by

w It icli a premixed gaseouS saiu  ip le’ can be inst  ant aue’o usl y (‘~~~ 1 ~t sec)

and unifo i’rnlv heated to an e lt ’vate ’d t e ’mpe’ r atunc ’ and nr c:’ s cure  fret ’

from the above d i f f i cu l t i e s. Furth c  rnto re , this  techn ique  pe r rn i ts

t e m p e r a t u r e  and pressu re  as well as reactant composi t ion (equivalen ce

ratio) to be var ied  easily and reproducibly.

A chemical shock tube has been selected for  use in this  program

and consists  of two segments  of pipe separated by a diaphragm. The

f i r s t  portion, the  d r ive r  section, contains gas at a hig her p ressu re  than

the second section. The dr iven sect ion contains  the mixture  to be 8tcudied ,

e . g .,  R i- S  
~
- air. When the d iaphragm is broken c ’i ther by burs t ing  due

to overp r essurc  or mechan ical puncture , the dr iver  gas expand s into the - 
-

driven section compr essing and hea t ing  the gas eous  mixture . Th e sho ck

wave travels down the tube at upe n: onic ~pe cd~~ swe ’ e’p ing the react ion

mixture with it and gene rating th e inc idt ’nt shock wav e ’ . When th e  shack

- 3 -
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\V .t\ ’ e’ re at he s t hte c’nd of t hu t ’  t ut ie h u t ’ i t s  t i l l  n il  t i’e i l l : -  d a e e ’ el i i t o  Vt’

a second shock \vaV e ’ i: j c r tu i cu c e ’ d  w h i c h  f t u r t l u e  r }ic ’ ,tt :’ and e ’ e d i I i —

the  sam p le’ of ga : . ‘ ib is  tt’ c\’ ,,’ 1 l l i c \ ’ t ’S a w a y  f r o n t  t hi t ’  c’i td of

the t cube and is refe r red t tc a :  tu ie ’  V 0 f l e c ’ t ~‘d : h i L l  c Is . A :-  id~’ f ro  iii h a  v ing

much hig h er  t e’in peratur e : ;  a nt i  pVc’ s su re  s , the rt ’f l ee t e ’tl ~‘ i uI1e ’  ( l i f f e  r s

f r o nt  the in c ident  ~eu ne’ in th at  it i st , ic ~ u t u t , • e’ . , the’ ga: in the

re f l ec t  i’d :‘out ’ has no net  v e l o c i t y  along I h1’ tube axis.

The tempe rature ’ of both incident  and pre - i gn i t i on  r e ’fiecte ’d shock

~ t l1eS i:~ to a f i r s t — o r d e r  a p pr o x i m a t i o n  det erz n in e ’ d by the  pre :; su r e ’

ch f f e  rent ia l  at ’ ros :~ the diap hr agm . in pr a t’t i c e , t he  ac tua l  : ; }u i i c ’k col t —

d it io ius  are calcu lated u sing  the  e’xp cr i ine ’nt a l l y i t t ea scu t’c’d s hock v e loc i ty .

the in i t ia l  dr iven  g as t en tp e  rat ti i’t’ and pVc’ :; s u r e , and a knowled ge ’ of ’ the

tentp e n a tu re  -dependent , heat c ap.ct’ i t y  pro f i l e  for  the ci r iven  gas  •

Ten’uper atur t ’  and p r es su re  pro fi les for  a t y p ical  th e rm o ne u t r al  shock

expt ’ r ime’nt ut t out i to  red at a point ne’a r the c u d  of the t ube are i l lustrat  i’d in

Fi g. I .

At omize r

A nun ibe r of met hod s are  avai lable  for the  produc t ion  ~ f •tc ’r cuso ls .

These’ includ e  the sp inning di~ k~~ 
~, I .a Men ’ atc iuu1i i ~er unpac tor ,

7 8isolated drop let , and p it t ’ u i i t , t t ic go ztt~ r at ci  r I c’c hut i que  s. I lowe veT ,

the se nieth~ ds can produce only limited concent ra t ions  of aerosols  or

y ie’ld a wide c l i : t r i bu t i o n  of part icle sI ~ e’s and are not readi ly  su i table for

shock tube cot ip ling.

in tout vas t , an ultra sonic ute ’btiii ~~e’ r has recentl y bee’n developed by

l)~’iut on whit  it e cv e ’ r eun t es  the :  e’ d i f f i c  t i l t  it ’ :‘~~ 

() 
\V ith this tle ’\’ Ice , ac et tu ~~t i c  ai

cue rgy is t u’ ,t i i  S mi t ted  d i rect l y to a pooi c f  l i q u i d  f r o m  t h e ’ sun  f a c e ’ of a

“ 4 -
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Figure  1. Tempt ’ i’atu r e  — pt ’ t ’ : s  u r ’  p r o f i l e  ~t a point n ea r  the
tube end p la t t ’  s 110w ir:g i rue idezi t  ar id r e f l ec ted  shock
condit ions . R e ’ ac t  ion ~‘ cu n e’ s a re def ined  as follows:

A }‘r eshock  c on d i t i on s

I~ I n c ident  zone

C Re ’ f i t ’ c l i ’ ci .‘

a i nc iden t  shock ~tr r iva l

b Ref l e ’ e t ed  shock a rrival
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pic’’.’.ocei~amic t ransducer.  The app l i c at i e n  t ’ f  a r a dio f r equen cy

(RF)  si gnal p roduces  u l t r ason ic  v ib ra t ion s  in the t r a n s d u c e r  which

causes  the l iquid  to break rapidly into a f o u n t a in  of small  drops .

The dro plet dimensions oi aq ueous samp les have been found to be

directl y related to the i rr ad i a t ion  fr e ’quenc y 1 0, At 1 M H z  ,90~ of the

drop lets are between 4 and 61,c,while at 3 MHz , 80% of the drop le ts

are betwee n I and 3~,t. Larg er drop lets  can be readily obtained with

a lower RF frequ ency . The n eb u uiz in g rate can be as hig h as 1 mi/m m

and dep ends only weak l y upon the solution depth . Also , the particle si~~c

distr ibution does not depend strongl y upon t hic ’ nature of the solut ion as

ix ii ght be expected from theor eti cal consid e i’at ions . Hence , once the

apparatus is calibrated it can be expected to be a reliable source of

aerosols of known particle size d i s t r ibu t ion  and concentration .

Since the active element of the ultrasonic neb u lR ’er technique is

s imp ly a ceramic disk it can be readil y coupled to the downstream end - 
-

of the shock tu be without causing any hindra nce to shock wave dynamic s .

A schematic which descr ibes  the ultrasonic n ebu lize r  and shock tube

coup ling is shown in Fi g. ~.

E X P E R I M I - ’N T A i .  f l i~si~~;N

Assessment  of the ex i s t ing  shock tub e’ sy s te m  at M a r t i n  M a r i e t t a

Laboratories indicated that it was inade q uat e for ne b ul ta e ’ r coup l i ng  b ecause

of the short l i fe t ime of the re f l ec ted  shock zone. Consequent l y ,  a new

shock tube system has been desi gned and is now under c ons t ruc t ion .  Since

th e t echno log i c ’ s as soc Ia ted w i t h  the neb oh c r -c oup led shock t u be omponents

are for the most part w e l l  e s t ab l i shed , p r e l in  . i na r y  t ’ont bu st ien cx pc’ r in t ent s  

- 

~~~~~~~~~~~ “ - ~~~~~~~~~~~~~~~~~ - -
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~h ‘, t  i i  t h e ’  t u l l e ”  : n t ’ ~~ v : ; -  51(1 11.

An ~t v e r , i l i  v i e  ~~ ~~: i~~~ ’ s e 4  ~ t u i c c ’  i s  s) ; e \ v:: in ~~~~~ .‘ . i n i~ a i~ t~~ .t i l ~~’t i  V

4 h - a w i n~ de ’s c r i b i n ~ t he ’ : \ l : st i e n  r e~~t L cn i s  t~iv t ’n  in F i g .  ~~, 
,‘\s l ’et ~’rt ’ .

he ’ S Is ’ i~ t ube  c out si s’. :~ i’ t ~ ~
- i e :~ s , a ci r i y e  r a a i i i  1 \ en S ( ‘C  I t  ~

i~ i t h t h e i r  as  s 4~~ e nt r i ’l a nd t : i t t 4 ’r i1n ~ c a ’ \  I t  0:’ . I n t h~ p r e sen t

a t , t  eu  t l i  e !R’hcuI .‘e i’ e eu:  st I i i i  e a t h i r d  ~a 1o r ci e i t e l i t .  A d ~ I a ii ed

t l e ’S~ t ’ t y ~~i e T ;  o f the t h r e e  4 4 ~~i ’ 4 c~ u’~~ t 5  f o l l o ws .

l~~~ I\ en ~~t ’c t i 0 f l

l i c e ’ dr ive ’ r or  ~~~~ re ’S su r e ’ s ec t io n  wa s  cu c n st ru t ’tt ’d f ro n t  a 3.~ - i u t e r

5 t , i ;h ss ‘.teel , u n i h i t . t r’ t — s t : r ~ ’h i : ~ t ’~~V i ~t’fl b o t t l e  ‘~~ u~ p s i h  w : t h  t h e s e  ~tp p r o x i -

m a te ’  4~~n ’ e n s i o n s :  1 ,‘ — i x i .  d i a u i u ’ t e -r  a r i d  24 in .  le n gth ,  f li t  t e i ’i i t i n .~l end s

of h~’ be I t I e  ar c .cpp r op a t civ (I ,e u e 4i t o  i t:  o unt .t spring  - lo .cdvd. c r O S S  —

hht i l  ‘d ‘t5 : i  f~’ .t S s eunbl v Us  e’d (~~c t ’~ ::: ~ tu r e’ t h e  di a pit r~i gr i t  u t i t  o •e el t ’ au t t

1, e t . i h h j J W  pa t t e  vu . l’l’.u kn~ fi’ bl , cd c’s fit ~nu~~lv in t he’ Oe ~ l ’ f l e ’r of a t~ — in.

segun e nt  of 1- / 4 - i u i .  i .  ci, s q uar e  p ip e c o n s t r u c t e d  f rom h / . i - i n .  ~~ -~~~‘ s t a i n -

1~’ ’s  s t e e l  plate .  Al so huc t c tsed t o th e  t e ’u ’n\ in ,t I kn i fe  moun t intz f l an g e  is a

1 4 1 2 — i n .  po r t  used for  u i i e c h . t n i c ’al e ’ v , e c t u . l t  j o l t  an~l .is a d r i ve r  gas (H e)  in le t ,

The cit t i  i’r ci ri t’er s ee ’ I ion  r e s t s  on a 5hidt ’  mount ing f r an i  e so t h a t  it can itt ’

e’ .tS il y t t i u cv e d back  1 : ’  di.i pht r agm ~h . tng i ug .  ‘Pre ’ s s u r e  in the  d r iv e r  se c t i o n

i s  tn~ nito red on a 0 - •‘0I~ p si  bott  u ’don t’u ,t ~ C ’ .

I~ r i v e n  ~~e ’ c t t O f l

The dr i ver  s e’e ’tj o n is cu t unect ed  to  a s e ’cond  s e~~tn e nt  ~~t’ 1- -
, 4 in.

ci. squar e  s t a in h e ’ s s tee l p ipc by a qu i t  k — r e ’lra so  f l a n g e ’  c l ’ut ap which

will  p er m i t  r a p id dt . t p hr ~4’, fl’ ~ l i a n t ~in g .  I ~ c 0, 1 1 ed 1 1/ .~ in .  fr ont  t he

d i a p h i’ .tgnt IS ~t tI  t ’tid 5c,t l ~~ti \ C e ’c 0 \ .ilv e’ w i t h  a 1 ~ in l et  w h i t t , ’h s e’:’v c’s
I
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I

as a ~‘acuuun and f i l l i n g  po rt fo r  the t o  st se t ion vi th e  s h o d . t ub e .

lvi the closed po si t io n th e  expans ion  \ ‘o luune  creat ed b y thi s va lv e is

small , thus  the shock-front  d i s r u p t i o n  is n e g l i g ible . The r em a i n d e r

of th e test  section is constru cted fron t  two 1 4 7 — i n , segment s of 2- in .

square ( 1 -3 / 4 - i n .  I . d. ) , scam less  a l u m in u m  pi pe follow ed by a t erminal

18- in ,  combustio n chamber con st ruct ed  from 1/ 4 - i n .  st r a in he ss  st ee l

p late . The use of stainless rather than aluminum serve s  th e twofold

purpo se of increasing the strengt h in the exp losion region an d fac i l i ta t ing

multip le flang ing. The total volum e of the driven sect ion is about 16  l i t e r s

Terminat ion of the test sect ion is accomplished by a 1 - 3 / S  x 1 - 3 / 4 - i n .

solid aluminu m plug which protr ud es I - I  /~~- iri . into the shocI~ tube . A

1- I / 4- in ,  circular hole ha s been dr i l led  axially and the inner plug su r f a e

fitted wit h a 1-1 / 2 — i n .  d iameter x 1/4 — in , thick quart z window mounted f l ush

to the plug surfa ce . This  windo w will allow end-on viewing of the :~ont’ in

the visible and ultraviolet r eg ions . Side viewing can be accompl i shed

throug h two circular , I -in. -diam eter LIF window s mounted f l u s h  with

the shock tu be inn er surface and located on either side of the tube . Th e

window centers are located 0.5 cm from th e end plug.

W ith the onset of combu st ion , there will be inte nse infrared emissions

from the combu stion products . As dep icted in Fig . 3 (Detai l  A)~ th is

radiation will pass t hroug h an LiF window ont o a na r row sl i t  (1 mm) to

assure that the radiation observed has orig inated from a na rrow

slice of gas perp endicular to the tub e axis. Th e unfil ter ed radiation

emerging from the  slit , w ill pass th roug h a narrow band infrar ed f i l te r

with a charac te r is t i c  t r a n s m ission coincident  w i t h  the  em i ss i o n  of the

species  to be observ ed and final ly imping e on t h e  act ive’ c]e ’ i n t ’ f lt  of an

InSb infrar ed detector.
- 10 -
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i i i  ~ ~, t ~~i c t i a e  i l t i l % t l - i ~~ t~~i i  e is iI’~ 1, ’w iv i t i  i i  i i~~i i i ~ ~~ su ut h  ~

% t s c t , t i  , t ! t i t  t i t ~~ i . t s  t , ’ l t - l  l i i t i i ~~~ ’ i % I t t ’ I c - i t ,  1 t i i .  i~ ~, i t 1  ~~~ 1 . t~~s ’ii C i i

t i c  , c ,  t i ~ e - * i t - t i ’ c t i t i ’  s~~ c i s  ii i t t  l ’~ 
,~ ~‘Ii ~’t -: o l t i p \ i~ i

1 ~~~~ . i t  i’d , t t  ~~~~~~~ i t  t O l l s  I ,  , t l l c l  1 1 i~ .11i ct I i ~ I I I  ( I  i ’ l l )  t l i e ’ e- ’Oci p I \ i i ~

. t i  e -  t c \  i’ e - ~ i 5 t L i e  t % , t t % ’ i , l i % c  C C  , \ 5~ 4~~i~ t . t t  t - ~~t w i t h  t h t  l i i i  i e t c - i t t  p ’ht ’e is

c i  ,c l at  t i t e ” t ’ I s i t i  p~~’ ’ ’ ( t i t ’ u t ’i i c c i t  ict ~ ~~ I C  , t ’ ’ e  i f l  1 i %  t - ’ , s i % %  e t i  ~i % i i

li t h e -  i , h u c ’ c It i ~~~ t t \  , , i I t  b t  , t t t  t i h , t t i t h .  1 I % ~~~, i~ t V i O ~~ i t i  t i e - I t  I O t i l i t ” P i t t

p e i ~ i i t : i l i i t ~~~t i i i i i  •~h~’~ t~ t t i o p e t ~~~c t ~~ c ’ . f lit .  C ‘ P c ’  o P  1i i -  i s ” i % l  I C h a ’u ~ t -  , tt  I i

C~i III , t l ’ ,t t S i t  i t ’  , t S  ii ( t ~~ ’u i l t c ’ t  O P  l i i i ’  t u c V
’
L h u t  c i  , t t  e .

Ili . ’ t ’ a s  ht.n e t h c t t t ~ ~~\ ~~t~~- i n , a t t i t e h~~cl t o  t h e ’  t~ -~~t s~~-~ t i o c t c l e a t

c i n t 1 i h c , t i ~tn , e s ’ C ’ s i ’ . t s  c it  ~~\ i , i i... 11101 , h t . t t n i  e S S  i t e e  1 • \ V t % i % d e ~ I. it t t ’i  ~~~~ I I I t \

lii i e s t c u i a g e ’ , 0 “~~ a n d u~ ~~ihl  l’~’i t .di~~~’ i u t t ~~’ i i e e ’~~~s u t  C e  ~‘ , c u t ~~t ’s t o t  l c i ~~~ t t c i - t

p i  e - p ’ . i U ~ C t i c ’I i  ~in i l  a .‘ i i i ,  o i l  c h t t t i i ~, t c ’Ii p ¼ I I t I p .  \ ~~ 1 1 0 1 1 1  I C i c i t S i l t e C i t e t i t s W i t h

be’ t 1 i , t t I t ’  I th % I 1 ~~ .111 ~~ ¼ i i t i c i t i  ~t l t ’ U t t c ’ I i i h I  I i  ii c ~i I t t  t i l l  S l i t i t h t  t h e ’  I l l i c i t t i U p i 0

ii l i t1  I 0111 ~~ ‘i t  % ‘ i i I ~~~, I I Ig  0 5 V

N e i iu l i ~ e ’r

I Ci t ~~t e ei on t h e  t i o t t o t i i  c i t  t h e t u b e ’  h i t ’ t w e ’ c ’ c i  t i l l  t w i ’ ~t e Ie -  i i  C i i  t u g

%\ t i i t i t t W * t  I ~-‘ .1 ¼ ‘han i i t ’ t I ‘i~ i d t i .  t s t i l t  u a S O C C I c  I i  a u i t ~t I in  C C Sp e c I t  I t  .t1l\ t i e s t u t u

c a i  ct ~t t t n g  s u t a h t  \ e i i ¼ l t i i t ’ t c i t  l t t p i t ~t i s  I t ’ • t~~’a t t ’  .c (w e ’  tu t M t .  Mc t u i t c t t t ig i s

i i ,  e i i i j i l t s b t ’ t l  \ t~~ t ct t e ’ t h i ’II t t ~ i f l g e ’ \C,V h t , . it a l ’ . c i hi t t i s e ’s a t i c  i ’e n - t ’ s p i t  t e t ~~ . i C i i t  ~

sp o u t c i  I i i 1 I ~ t’ i i .~. ~, I u t it .i ’i l Cl .  P i t ~~, s i % % e i  c i ii ( l i e ’  P u  , i I i S i ( i I u  e ’ c  i s  g e ’ C i i ’ c a t e ’ cl

li~ t i i i ’ t t ’  t ( t i % l ~ ’i’ e’ ”  ~i t i ~ ii S c  i e i ’, ii l i l t  ii p i , s ’ , , l i ~ , i i i l ~~ t t h e ’  ‘ - ‘1i . i .  i t  C t u g  c t u ic l  ii c t  i i  V

, ih  the! s e t  ~i ct d e ’I e t  t u i ~ , e l  ~~c i t a ~~ t t i ’ th e ’  t t . t i i ’ . i t i % C  I t , ~~‘ % C t ,  i ’  t h e  t i ’ ,iC% S i i i % c  I I

C i ’ ’ , C i l t , $ , l i t  t t t ’ e ’t p ut  i i i  \ • i i i i i  he l i t  % t i t i  t i t i s t  p a t  P i t  h e ’ ~~i e .e i’ l - i t ~~ ~~i S e l ~

It ’ t h i tu  i s C % e ’ t~~ 5 , t t  ~i - t t l  l i t ’  l i e  C I ’ - V , t t\  to h i i t e i ’e t i . i i i s t l i i ,  i - C ”  t I ~ e c i i i i ~ h i i ’ t t t  t h e ’

~t p ’ c  e t u n c ut . t ’ h i i  s ii ill b~ i • ip li  ‘.hii’ ci e t \ ii i t  h i t i t t t  I I I  o t u i t  i i i  c~ I i  i t ’ d i t  i i  .1 
V

% u i i t ~~ i ’~ t i c s e C ’ t h u t  oP  c i i i ’  I t i p i  t i .11 t C-’ ~ i ,t  i * C  S P o t e ’ % t t  t i e C u s i l  l , ’ C  t i t l e  I i i  V , 5

% . i C i i t % , ’ C I M ,
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‘l’he j t i t .~ c ‘t’ . t i i i u ~~ t t ’ .ts~.duc ’r u s  d r i v e n  by . t  r , t  i _ f r e . q u u c n s  y p o w er

s o ur t  0 10 (l”i g. .1) a 0Wl r of d ~I iv  t ’ r i n g  in  ex t  es s of l Ol l  W of e ’ i t  c r  ~~~ ~ r

a f r t ’ q u e ’x t e y  r . uu ige ’  of ‘00 k I t . ’ to 3 . 5 ?ul I l z .  hr r a d ia t  i l i g  ~u o w t ’  r is con t r o l l e d

by the st ep  r e s i st o r s  and p o t e n t  i n i n e tu ’  I’ I i i  t h e  se r eei i  c’ i r c t i i t  of th e ’  out put

am p l i f i e r .  Power is e’o up l rd  to  h u e  p i e ’ _’ t t s  e r~t m i c  t r a n s d uc e r  via a 0 . 0 1  ~i

1” 4 k V  t r an s m i t t i n g  m ica  c a p a c i t o r  w hi c h  i s o l a t e ’s  t h e  hi g h vo l t a ge ’  pl a te s  V

supp l y f r o n t  t h e  t r a t u s d u e  c r .  The ’ hi git — on r r en t , hi gh — v o l t a p  e’ 1). C. p o w e r

supp l i es  w e r e  obt a ine ’t l  b y m o d i f i c a t i o n  of a 1~cn d i x  C o r por a t i o n  Model  ~t

K n t t d s e n _ c V el l  ; i( i w ( ’r supp ly.

Located on the  upper tube wall  di r e ’etl y above the  t r a n s d u cer  is a

r ubber sept um seal.  This  in l et  a l l ow s  d i re c t  apph t c a t i o n  of a knoii ’uu amount

of li quid fut ’l onto t h e ’ c r y s t a l  s u r f a c e’ b y use of a ca l ib r a t e d  sy r i n g e .
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Of i uuun t ’ d ia t e ’  C (V 1)~~ em in the ’ f u t u r e  u s  o~ np h - t i e n  of  t he’ - i ’ u ~s t r u i c t u o n

p l -. ;cse of the project .  This ph a se  wi 1i he f o l low e d  b y a ~‘e r in d  of t e s t  i u u t ~

an d n& ’bu li~- c r  c h a r a s t  o r i ~~a t ion .  P r e l i m i nar y  c o t u t l e s t  ion x l t e ’ r i T n e n t  s at

a f~x o d p a r t i c l e  d i s tr i b u t i o n  wil l  then be c a r r i e d  out w i t h  the  a im of

c a r ef u l l y c h ar a c t er i ~’V i n g  the changes  ( e . g .  , p r e s s u r e , u. v. and v i s ib l e

emissions , e t c . )  in the combust ion  reg ion as a gu ide ’  to a s c e r t a i n i n g  the

bes t  approach to fu l f i l l i m ’  the goals of the s tud y.
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