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1. INTRODUCTION 

The Chemical Camera is a device which can sample a high speed 

gas  wi th  submill isecond time reso lu t ion  and provide samples f o r  d e t a i l e d  

s tudy  of t he  k i n e t i c s  of chemical reac t ions .  A prel iminary design of 

t h i s  device  and the  experimental  demonstration of i ts  c a p a b i l i t e s  is 

descr ibed  he re  i n  d e t a i l .  

The Chemical Camera is designed t o  condense a por t ion  of a gaseous 

beam sampled from a r e a c t i n g  gas without a f f e c t i n g  t h e  composition of t he  

sample. This w i l l  provide a d i r e c t  record which w i l l  permit s tudy  a t  a 

later time of  a "slow-motion" reproduction of the  chemical r e a c t i o n  as i t  

occurred. 

It is  a n t i c i p a t e d  t h a t  t h e  technique descr ibed here in  w i l l  add a 

va luable  t o o l  t o  complement those a l ready  i n  ex is tence .  The c a p a b i l i t e s  

of t h e  Chemical Camera w i l l  make a unique con t r ibu t ion  t o  the a n a l y s i s  of 

r a p i d l y  occurr ing reac t ions .  

Entry of t e s t  gas i n t o  t h e  Chemical Camera w i l l  be con t ro l l ed  by 

a b l a s t  s h u t t e r  which w i l l ,  upon command, open with mil l isecond response 

and remain open f o r  a predetermined per iod of t i n e ;  t h i s  time is ad jus t -  

a b l e  from 0.1 msec. up t o  the period of time requi red  f o r  the  c r y o s t a t  

t o  make one revolu t ion  (N12 msec.). The s h u t t e r  w i l l  then c lose  t o  make 

a vacuum t i g h t  s e a l ,  preventing des t ruc t ion  of t he  record on the drum by 

overwri t ing.  

The instrument ,  descr ibed in Sect ion  2 of t h i s  r epor t ,  incorpora tes  

a cryopumped skimmer which has been designed t o  remove from the  view of  the  
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It is f e l t  t h a t  t he  Chemical Camera as descr ibed here  w i l l  

s u r p a s s  the  behavior of any spinning c r y o s t a t  i n  ex is tence  and is 

f e a s i b l e  f o r  t h e  i n v e s t i g a t i o n  not only of shock tunnel  experiments, 

b u t  f o r  o t h e r  gaseous physical  processes i n  which a d e t a i l e d  knowledge 

of t he  temporally resolved chemical r e a c t i o n s  is important. 
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r o t a t i n g  c r y o s t a t  a l l  port ions of t h e  gaseous beam which have undergone 

c o l l i s i o n  with the  walls o r  otherwise become non-representative of  t h e  

composition of the  gaseous beam. Thus, t h e  material f rozen  out  on t h e  

r o t a t i n g  c r y o s t a t  w i l l  have undergone no i n t e r a c t i o n s  a f t e r  leaving t h e  

r e a c t i o n  zone except f o r  t h e  freezing i t s e l f .  

The following s e c t i o n s  and accompanying f i g u r e s  descr ibe  t h e  

cons t ruc t ion ,  expected mechanical behavior,  and proof tests of t h e  

device.  
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2. DESCRIPTION OF "HE CHEMICAL CAMERA 

2.1. General Considerat ions 

The Chemical Camera is  designed t o  s e l e c t  a sample from a super- 

s o n i c  gas s t ream with a m i n i m u m  change i n  the  chemical p rope r t i e s  of 

t h e  high v e l o c i t y  stream. This bas ic  requirement places  purely geo- 

m e t r i c a l  l i m i t a t i o n s  upon the  entrance po r t  t o  the  i n t e r n a l ,  spinning 

c r y o s t a t .  In  the  form presented here ,  t h e  device w i l l  a l low passage of  

t he  e x t e r n a l  stream with no compressional d i s turbance  a f f e c t i n g  the  

incoming gas  provided t h a t  t he  f r e e  s t ream Mach number is g r e a t e r  than 

four .  The entrance por t  t o  t h e  s h u t t e r  mechanism is s i z e d  so that 

normal shock p a t t e r n s  on t h e  s h u t t e r  housing f o r  Machnumber four  or 

g r e a t e r  w i l l  not  extend i n t o  the  upstream cone of in f luence  of the  

f i n a l  skimmer diameter. 

which c o n s i s t s  of four  concentr ic  cy l inders .  The c e n t r a l  c r y o s t a t  

s p i n s  a t  a nominal maximum speed of  5000 rpm. 

inches  i n  diameter s o  t h a t  a sur face  speed of 1320 in./sec. is 

achieved. 

(-ma) is t o  be accepted so" t-hat t he  r e s u l t i n g  time r e s o l u t i o n  

w i l l  be approximately 0.30 msec. 

t h e  diameter of  the projected o r i f i c e  of the  beam skimmer, t h i s  time 

r e s o l u t i o n  w i l l  be even f i n e r  for  flows i n  which enough gas  f o r  a n a l y s i s  

Fig. 1 is a s e c t i o n a l  v i e w  of t h e  instrument ,  

The c r y o s t a t  is f i v e  

A sample of the ex terna l  gas stream of 0.200" diameter 

Since the  time r e s o l u t i o n  varies as 

can  be accepted by a smaller diameter. 

o f  s t a i n l e s s  s t e e l  and heavi ly  plated with gold i n  the  reg ion  upon 

which the  gas sample is t o  be deposited.  

i n e r t  su r f ace  as wel l  as a dense and h i g h l y  conductive s u b s t r a t e  upon 

The c r y o s t a t  is t o  be machined 

The gold provides both a n  
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which the  sample can condense. 

2.2. Support Equipment 

The concent r ic  cy l inde r  surrounding the  spinning c r y o s t a t  is a 

l i q u i d  helium r e s e r v o i r  which sup21ies the  helium cooled beam skimmer. 

The f ina l  skimmer is helium cooled t o  avoid skimmer i n t e r a c t i o n  problems 

encountered i n  molecular beam experiments . This skimmer de f ines  t h e  

beam t o  be s e l e c t e d  and provides a s h i e l d  t o  t h e  a l ready  deposi ted 

sample. A small s t a t i o n e r y  annular r e s e r v o i r  s u p p l i e s  t h i s  s h i e l d  with 

r e f r i g e r e n t .  Surrounding the  two helium conta in ing  r e s e r v o i r s  is a n i t rogen  

j a c k e t  which provides a r a d i a t i o n  s h i e l d  t o  energy emanating from t h e  ex- 

ternal c y l i n d r i c a l  vacuum jacke t .  

1 

A f a s t ,  squ ib  (explosive ca r t r idge )  operated,  valve is provided 

i n  the  e x t e r n a l  vacuum jacke t  t o  expose the  i n t e r n a l l y  sp inning  cryo- 

s ta t  t o  t he  beam f o r  a des i r ed  period of time. 

s h u t t e r  are shown i n  Fig. 2. 

samples t o  be taken from t h e  c r y o s t a t  su r f ace  o r  t o  allow v i s u a l  o r  

o t h e r  o p t i c a l  observa t ions  t o  be made on the  deposi ted sample. 

The d e t a i l s  of t h i s  

Other access  p o r t s  are provided t o  allow 

The c e n t r a l  c r y o s t a t  must opera te  i n  a vacuum (10-5 t o r r  o r  

b e t t e r )  and y e t  must s p i n  a t  5000 rpm. 

s h a f t  s e a l  u t i l i z i n g  carbonized t e f l o n  " O t l - r i n g s  has been incorporated 

i n t o  the  design,  as shown i n  Fig. 3. An e x t e r n a l  pump w i l l  c i r c u l a t e  

o i l  through the  s e a l  block during motor operat ion.  

d r iven  by a one-half horsepower va r i ab le  speed motor. The following 

d i scuss ion  p resen t s  t he  d e t a i l s  of the  cons idera t ions  which l e d  t o  the  

To achieve  this, a cooled 

The s h a f t  is 



C H E M A T I C S  R E S E A R C H  

The Chemical Camera Page 8 

major design dec is ions .  

cryogenic  engineer ing dec i s ions  o r  rou t ine  vacuum technology, a d e t a i l e d  

d e s c r i p t i o n  has no t  been given here. 

'Ahere the  des ign  incorpora tes  e i t h e r  rou t ine  

2.2.i. Spinning Zryos ia t  

The time r e s o l u t i o n , T  , can be determined from the  r e l a t i o n  

d- 7-= 3&N (1) 

where d is t h e  skimmer diameter ,  d is t h e  c r y o s t a t  diameter,  and N is 

t he  angular  speed. 

be seen ,  mil l isecond r e s o l u t i o n  time is q u i t e  e a s i l y  achieved. 

Fig. 4 i nd ica t e s  t h e  expected time response; as can 

I n  a d d i t i o n  t o  the  r e so lu t ion  t ime, i t  is necessary t o  provide 

s u f f i c i e n t  du ra t ion  s o  t k t  t h e  flow can be sampled dur ing  the  e n t i r e  

u s e f u l  flow period. 

TJ is t h e  r o t a t i o n  r a t e  i n  revolu t ions  per  mil l isecond.  I f  the  s h u t t e r  

were t o  r e q u i r e  2 msec. (very long) t o  open and t o  c lose  and a run of 

a t  l e a s t  10 msec. is requi red ,  the drum speed mus t  no t  exceed 5000 rpm. 

The maximum dura t ion  of the  tes t  is just 1 / N ,  where 

2.2.2. Mass Flux Capacity 

As descr ibed above, the skimmer system c o n s i s t s  of a preskimmer 

Only weak which is  n i t rogen  cooled and a f i n a l  helium cooled skimmer. 

I-lach waves w i l l  be generated i n  the gas  being c o l l e c t e d  s o  t h a t  v i r t u a l l y  

no "processingtt  w i l l  occur a f t e r  the gas  e n t e r s  t he  c r y o s t a t  port .  Shock 

waves w i l l  e x i s t  a t  the s h u t t e r  o r i f i c e  edge but  w i l l  be c lose  t o  the  

s u r f a c e ,  e spec ia l ly  i f  t he  Mach number is four  o r  g rea t e r .  

quan t i ty  of gas e n t e r s  the po r t ,  a decrease i n  the  c o l l i s i o n  r a t e  

Once a 
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Figure 4. Test Time Resolut ion f o r  thechemical Camera 
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w i l l  OCCUT i n  the gas s i n c e  the  gas surrounding the  c e n t r a l  stream tube 

w i l l  be skimmed o f f .  This is not expected t o  cause any spurious chemistry. 

The gas e n t e r i n g  the  cold skimmer must be deposited upon the  c e n t r a l  

c ryos t a t .  

can write 

If the  f r e e  stream gas dens i ty  is ye and the  ve loc i ty  is V,we 

where A and Q are the  skimmer area and the  t o t a l  hea t  f l ux ,  respec t ive ly ,  

The s p e c i f i c  k i n e t i c  energy i s  approximately 

S 

= e  'u a =  -A, 

s o  t h a t  

(3)  

i n  which appropr i a t e  u n i t s  a r e  used. 

upon the  s t r e n g t h  of the i n i t i a l  shock i n  t h e  dr iven  tube,  while 

is a func t ion  both o f  t he  shock s t r e n g t h  

For a shock tunnel ,  hs depends 

P- 
and of %. 

The a b i l i t y  of the  c ryos ta t  t o  absorb t h i s  hea t  f l u x  and f r eeze  

t h e  deposi ted gas  depends upon the a b i l i t y  of t he  c r y o s t a t  t o  conduct 
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away the  flux. The quasi-steady heat  f l u x  problem corresponds t o  a 

f i n i t e  c i r c u l a r  source moving along a cooled su r face  with ve loc i ty  v,  

t h e  su r face  ve loc i ty  of the  drum. If w e  consider  a more r e s t r i c t i v e  

case t o  be the  instantaneous hea t  r e l e a s e  Q/A over a semi- inf in i te  

where \c\ is t h e  d i f f u s i v i t y  and 2 is the depth i n t o  the  s u r f a c e  and 

q is t h e  h e a t  f l u x  divided by the  dens i ty-spec i f ic  h e a t  product f o r  

t h e  drum material. Eq. 6 ind ica t e s  i nc reas ing  temperature for t>O. 

The ques t ion  now is, how long can t h i s  s u r f a c e  remain a t  a 

s u f f i c i e n t l y  low temperature so  t h a t  t he  incoming stream w i l l  s t i c k .  

McDermott has  found t h a t  t he  sur face  w i l l  continuously pump unt i l  a 

c r i t i c a l  temperature of 30' t o  40°K is reached. A t  t h i s  po in t ,  a 

c a t a s t r o p h i c  change i n  the  flow f i e l d  occurs.  A shock "pops" out  

from t h e  s u r f a c e  and t h e  cold sur face  ceases  t o  pump e f f i c i e n t l y .  

How t o  use  Eq. 6 ,  we assume t h a t % + O ,  s o  that 

3 

Clea r ly ,  we need k t o  be a maximum as wel l  as PC. 

gold has been s e l e c t e d  as the  sur face  ma te r i a l  of the c ryos t a t .  

For t h i s  reason,  

The maximum design value of s t agna t ion  enthalpy w i l l  be 
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s e l e c t e d  as 6000 BTU/# with a Pt maximum of 15,000 p s i  and 

y i e l d i n g  a f r e e  stream dens i ty  of 1 x 

spread  over a n  area approximately 10 times that of t h e  accept ing  

skimmer (k, t he  flow expands i n  the  c r y o s t a t ) ;  however, we w i l l  

n eg lec t  t h i s .  

be ca l cu la t ed  t o  be less  than  30°K f o r  t <  0.3 msec. "he t o t a l  mass 

c o l l e c t e d  i n  0.3 msec. w i l l  be,  f o r  the  above case, 

of 10 

The hea t  f lux is 3 g/cm . 

Using t h e  d a t a  fo r  gold,  t h e  s u r f a c e  temperature can 

o r ,  approximately 0.25 mg. per  0.3 msec. 

is approximately 0.5 g/cm , t he  thickness  w i l l  be 0.02 mm s o  t h a t  t h e  

temperature drop through the  frozen l a y e r  w i l l  be minimal. 

If the  d e n s i t y  of ma te r i a l  

3 

The hea t  t r a n s f e r  es t imates  given here  a r e  s l i g h t l y  conservative.  

Fur ther ,  the  temperature r ise  is  more e a s i l y  reduced by expanding the  

flow t o  a Mach number g r e a t e r  than 10. 

moving t h e  helium skimmer entrance f a r t h e r  downstream and by decreasing 

t h e  po r t  diameter of t he  ni t rogen skimmer. Since the  device appears t o  

be f e a s i b l e  i n  its present  form and s i n c e  t h e  present  d e s i r e  is t o  main- 

t a i n  an  unperturbed gas  sample, the present  arrangement is deemed best .  

"his can be accomplished by 

It is i n t e r e s t i n g  t o  note  that because of the  s h o r t  t imes involved, 

t he re  w i l l  be  no e x t r a  b o i l i n g  of t h e  helium during the  t e s t .  The 

inne r  w a l l  simply w i l l  not  f e e l  the energy flux f o r  s e v e r a l  hundred 

mil l iseconds.  

A 1 1  angles  on the  skimmer a r e  such ti'at a t tached  shocks w i l l  



C H B M A T I C S  I l E S E A R C H  

The Chemical Camera Page 14 

b. 

where & is t h e  s h u t t e r  acce le ra t ion ,  14 is the  mass, D is t h e  d r iv ing  

rod  diameter ,  P is t h e  pressure  generated by the  squib ,  f is the  f r i c t i o n  

f a c t o r  of t h e  "O"-ring and Fn is the s t agna t ion  pressure  of t he  supersonic  

f ree  stream. Again, we assume M = 10, Ps = 15,000 ps i ,  and a s t agna t ion  

en tha lpy  of 6OOOBTU/#. Mhen Eq. 9 is i n t e g r a t e d  and a n  a c c e l e r a t i o n  

l e n g t h  of 1.25" is assumed, the  s h u t t e r  opening time is 0.6 msec. a f t e r  

t h e  a c c e l e r a t i o n  per iod of 2 msec. 

c o n t r o l l e d  by t h e  l eng th  of a s l o t  c u t  i n  the  s h u t t e r  face.  

of its t r a v e l ,  a rubber dampener and a l a t c h  a r e  provided t o  prevent 

rebound. 

test. 

no t  more than  one o r  two sho t s .  

t!3 

The dura t ion  of open p o s i t i o n  is 

A t  t h e  end 

The va lve  remains i n  the f i r e d  pos i t i on  u n t i l  reset  f o r  another  

The sealing "O"-ring w i l l  have an  extremely s h o r t  l i f e ,  probably 

A considerable  number of a l t e r n a t e  s h u t t e r  des igns  have been 

considered;  however, a l l  have been discarded i n  favor  of t h i s  r e l a t i v e l y  

s t r a igh t fo rward  design. 

2.3. Preliminary Procedure for Gperation of the  Chemical Camera 

The fol lowing is a na r ra t ive  d e s c r i p t i o n  of a t y p i c a l  experiment. 

A d e t a i l e d  c h e c k l i s t  with proper sequencing w i l l  be provided a f t e r  some 

experience has  been gained with a working model of t h e  Chemical Camera. 

The shock tunnel  w i l l  be prepared f o r  f i r i n g .  The c o n t r o l  of 

exac t  f i r i n g  is of importance because of  t he  requirements t h a t  t he  

s h u t t e r  start a t  a prescr ibed time re la t ive  t o  shock i n i t i a t i o n .  

Exact knowledge w i l l  e x i s t  on the s h u t t e r  behavior a f t e r  s ta t is t ical  

c a l i b r a t i o n  by experimental  f i r i n g s  have been made with r e p r e s e n t a t i v e  
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squibs .  

F i r s t  t h e  shock tube d r ive r  w i l l  be prepared and the  dr iven  tube 

loaded. The Chemical Camera w i l l  have been loca ted  i n  the  t e s t  s e c t i o n  

wi th  the  s h u t t e r  p o r t  centered upon t h e  reg ion  of i n t e r e s t .  

descr ibed  i n  t h i s  r e p o r t  w i l l  sample  only one s t reaml ine ,  however, a 

s imple modif icat ion w i l l  a l low sampling of s e v e r a l  l oca t ions  a t  once. 

A vacuum w i l l  have been es tab l i shed  i n  the  device before  the  nozzle  and 

dump tank evacuation. 

e x t e r n a l  j a c k e t  a t  least  one-half hour p r i o r  t o  the  tes t .  

events  w i l l  occur  immediately p r io r  t o  f i r i n g .  

(The design 

Also, ni t rogen  w i l l  have been placed i n  the  

The following 

The upper and c e n t r a l  helium r e s e r v o i r s  w i l l  first be f i l l e d  with 

one l i t e r  each of ni t rogen.  They w i l l  then be emptied through the  same 

t r a n s f e r  l i n e s .  

means of a s m a l l  vacuum insu la t ed  t r a n s f e r  tube of s u i t a b l e  design. 

(These are commercially a v a i l a b l e  o r  can be cons t ruc ted  f o r  approximately 

$100 per  foot . )  A carbon r e s i t o r ,  l oca t ed  i n  the  upper helium re se rvo i r ,  

w i l l  i n d i c a t e  a s t a b l e  helium l e v e l  i n  t h a t  loca t ion .  It w i l l  be assumed 

that t h e  c e n t r a l  c r y o s t a t  is a l s o  f i l l e d  a t  t h i s  time. I f  a small amount 

of n i t rogen  is l e f t  i n  t hese  dewars, i t  w i l l  simply be frozen by the  helium. 

Both helium dewars w i l l  be maintained a t  h e l i m  temperature f o r  a t  l e a s t  

15 minutes, which w i l l  r e q u i r e  a second f i l l i n g  of  the  upper r e se rvo i r .  

Af te r  t h i s  has  been done, the  experiment is  ready t o  be performed. 

These r e s e r v o i r s  w i l l  then be r e f i l l e d  with helium by 

The s e a l  coolant  pump w i l l  be s t a r t e d  and the  d r i v e  motor w i l l  b r ing  

t h e  c e n t r a l  cryos' tat  up t o  speed. 

termined by sh in ing  a small beam o f  l i g h t  on the  t e e t h  o f  a timing b e l t  

The speed of t h e  c r y o s t a t  w i l l  be de- 
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d r i v e  wheel placed above the ac t ive  b e l t  pul ley.  "he faces  of a l l  except 

one of the  t e e t h  on t h i s  pul ley will have been polished. 

t o o t h  w i l l  be blackened s o  t h a t  when the  output s i g n a l  of a phototube 

s e n s i t i v e  t o  l i g h t  r e f l e c t e d  from the  gear  t e e t h  is displayed on an 

osc i l l o scope ,  t he  spac ing  of the  l i g h t  b l i p s  w i l l  determine the r o t a t i o n a l  

speed. 

p o s i t i o n  of t h e  drum during the t e s t .  ' 

The unpolished 

The missing b l i p  w i l l  a c t  as a r e g i s t e r  t o  determine the  angular  

Another l i g h t  beam w i l l  be r e f l e c t e d  from the  s h u t t e r  f ace  and 

t h e  output  of a phototube observing t h i s  w i l l  be displayed on the  same 

osc i l l o scope  used f o r  t h e  t iming (Tektronix 502 dual  beam o r  b e t t e r ) .  

During t h e  i n i t i a l  c a l i b r a t i o n  of t he  s h u t t e r  behavior,  s u f f i c i e n t  knowledge 

w i l l  be obtained t o  p red ic t  when the s h u t t e r  w i l l  open a f t e r  each squib  

f i r i n g .  

r equ i r ed  t o  f i r e  t h e  shock tube. 

be a c t u a t e d  by a properly delayed s ign21 der ived from a heat  t r a n s f e r  gauge 

placed on the  shock tube wall, 

* 

It is expected that t h i s  time w i l l  be s h o r t  compared t o  the  time 

Assuming t h a t  t h i s  is s o ,  the  squib  w i l l  

This same s i g n a l  w i l l  t r i g g e r  the  scope. 

Once t h e  s h u t t e r  is actuated i t  w i l l  t r a v e r s e  the  por t ,  al lowing 

passage of t h e  a c t i v e  t es t  gas. 

rebound l a t c h  and a n  energy absorber,  

and t h e  c r y o s t a t  allowed t o  come t o  r e s t .  

n i t r o g e n  j a c k e t  w i l l  be r e f i l l e d .  

a c c e s s  gained t o  t h e  Chemical Camera. 

The s h u t t e r  is provided with a non- 

The s p i n  motor w i l l  be turned o f f  

The c e n t r a l  c r y o s t a t  and the 

Tne tunnel  can then be opened and 

Now, e i t h e r  samples w i l l  be scraped from the  su r face  of the  drum 

for ESH o r  o the r  tests, o r  o p t i c a l  measurements w i l l  be made on the  sur- 

face.  The time a t  which a given sample was deposi ted w i l l  be determined 

by i t s  r e l a t i o n s h i p  t o  the blackened gear  too th  and t he  ra te  of rotation of 

t h e  c r y o s t a t  
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3 .  CHEMICAL KINETICS 

3.1. Demonstration of the Presence of  Free Radicals  on the  Rotor 

The a b i l i t y  t o  t r a p  f r e e  r a d i c a l s  on a cryogenic su r face  has  been 

5 noted by many au thors  and has been well reviewed , 

c u r r e n t  work are a v a i l a b l e  i n  the proceedings of  i n t e r n a t i o n e l  meetings 

Examples of more 

6 ,? 

Since t h e  a c t i v a t i o n  energy f o r  recombination of free r a d i c a l s  (o r  

of  any a c t i v e  s p e c i e s )  is very low (approximately t h e  a c t i v a t i o n  energy 

for d i f f u s i o n ) ,  the  r e a c t i o n  must be prevented by the  i s o l a t i o n  of  t h e  

f r e e  r a d i c a l s  from each o ther .  This i s o l a t i o n  may be accomplished e i t h e r  

by f r eez ing  the  a c t i v e  spec ie s  i n  a n  i n e r t  d i l u e n t  o r  i n  t h e  undecomposed 

parent  mater ia l .  

To prove t h a t  t he  Chemical Camera is capable of t rapping  free 

r a d i c a l s ,  t he  hydrazoic a c i d  system has  been chosen f o r  t h e  ease of  

product ion,  t rapping,  and i d e n t i f i c a t i o n  o f  f r e e  r ad ica l s .  Although 

t h i s  system is chemically complex and is not completely understood, 

i t  is genera l ly  agreed t h a t  t he  thermal o r  photochemical d i s s o c i a t i o n  

of  hydrazoic a c i d  takes  place by a f r e e  r a d i c a l  mechanism and that t h e  

b lue  c o l o r  observed by the cryogenic t rapping  of t he  d i s s o c i a t i o n  products 

is caused by the  presence of f r ee  The c o n f l i c t  i n  p rec i se ly  

which f r e e  r a d i c a l  is responsible  f o r  t he  blue co lo r  has not been resolved,  

b u t  has  var ious ly  been ascr ibed  t o  NH, IJ2H, (NH) ("I4, etc. 3' 

3 Therefore,  pyro lys i s  of  hydrazoic ac id  (HN ) i n  a flow tube appara tus  

followed by f reez ing  out  of t he  colored f r e e  r a d i c a l  products on the  c r y o s t a t  
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s u r f a c e  w i l l  provide a simple and convincing demonstration of t he  

s t a b i l i z a t i o n  of free r a d i c a l s  on t h e  r o t a t i n g  c ryos t a t .  Since the  rad- 

i ca l s  produced by the  decomposition of hydrazoic a c i d  appear t o  be q u i t e  

s t a b l e  up t o  1 2 3 " ~ ~ ~ ' ~ ~  t h i s  experiment can e a s i l y  be performed using 

l i q u i d  n i t rogen  as the  r e f r i g e r e n t  i n  the  c r y o s t a t  and skimmer. 

3.1.1. Experimental Conditions 

"he product ion and pyro lys i s  of hydrazoic a c i d  may be performed 

Hydrazoic a c i d  i n  a g l a s s  appara tus  as shown schematical ly  i n  Fig. 5. 

w i l l  be generated by adding concentrated s u l f u r i c  a c i d  dropwise i n t o  

t h e  r e a c t i o n  bulb  which conta ins  sodium azide.  

a c i d  s o  generated w i l l  flow i n t o  t h e  s to rage  bulb. 

amount of a c i d  has been produced, as monitored on a pressure  gauge, t h e  

s topcock s e p a r a t i n g  t h e  r eac t ion  and s t o r a g e  bulbs  w i l l  be c losed  and the  

r e a c t i o n  bulb  r e f r i g e r a t e d  with l i q u i d  n i t rogen  t o  prevent f u r t h e r  reac t ion .  

(Since HN 

more m a t e r i a l  than is iminediately requi red . )  Next, t he  hydrazoic a c i d  

gas is permit ted t o  flow through t h e  py ro lys i s  furnace.  Since the  

temperature i n  t h e  furnace w i l l  exceed looO°C, t h i s  po r t ion  of t h e  

vacuum system w i l l  be fabr ica ted  of  quartz .  

The gaseous hydrazoic 

When the  des i r ed  

is both tox ic  and explosive,  i t  is  not  advisable  t o  generate  3 

"he s imple,  q u a l i t a t i v e  observat ion of a b lue  co lo ra t ion  on the  

drum w i l l  s u f f i c e  t o  demonstrate t h e  s t a b i l i z a t i o n  of f r e e  r ad ica l s .  

Color photographs w i l l  be used to  document t h i s  a b i l i t y  of t h e  r o t o r  

t o  s t o r e  and s t a b i l i z e  f r e e  r ad ica l s .  

\?hen warmed t o  about W O K ,  t he  blue m a t e r i a l  is a b l e  t o  diffuse 

and t h e  f r e e  r a d i c a l s  which a r e  present  undergo a chemical r e a c t i o n  t o  

I .  
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form ammonium az ide ,  a white so l id .  

d i sappears .  

i n d i c a t i o n  that the  f r e e  r a d i c a l s  which were present  a t  t h e  lower 

temperature  have become uns tab le  and have reacted.  

Hence the  blue c o l o r  ab rup t ly  

The observa t ion  o f  t h i s  abrupt  co lo r  change is a f u r t h e r  

3 . 2 .  Observation of Chemical Kine t ics  

I n  order  t o  demonstrate convincingly the  capac i ty  of t h e  Chemical 

Camera t o  record  the  chronology of a chemical r eac t ion ,  a simple system 

has been s e l e c t e d  i n  which the  progress  of t he  r e a c t i o n  w i l l  be  t raced  

by the  observa t ion  o f  a co lo r  v i s i b l e  t o  the  human eye. 

r e a c t i o n  t o  be s tud ied  is  t h e  recombination 

on a t h i r d  body t o  produce the  highly colored iod ine  molecule, 12. 

t h i r d  body, M, can be a n  i n e r t  gas, i od ine  molecules, o r  t he  walls of 

The chemical 

of c o l o r l e s s  i od ine  atoms, I, 

The 

21 + M+12 + M (10) 

t h e  r e a c t i o n  vesse l .  

i o d i n e  atoms s t a b i l i z e d  a t  l i q u i d  n i t rogen  temperatures in a s u i t a b l e  

matrix.  The atoms can conveniently produced by f lash  photo lys i s .  "he 

This system is p a r t i c u l a r l y  convenient a l s o  because 

r e a c t i n g  mixture w i l l  be sampled cont inuously from a l e a k  and f rozen  ou t  

on t he  r o t a t i n g  drum of the  Chemical Camera. "he mechanical s h u t t e r ,  

coordinated with t h e  f l a s h  d i s s o c i a t i o n  of the  iod ine  molecules, will 

c l o s e  a f t e r  a s i n g l e  r evo lu t ion  of t he  c r y o s t a t  t o  form a vacuum s e a l ,  

t hus  preserv ing  the  i n t e g r i t y  of t h e  record s t o r e d  on the  drum. 

t h e  composition of the  material frozen on the r o t a t i n g  c r y o s t a t  will 

Hence, 
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vary with the  p o s i t i o n  of  t h e  drum i n  t h e  same manner as the  composition 

of t h e  gas v a r i e s  wi th  time f o r  t h e  per iod  of one r evo lu t ion  of t he  drum. 

3.2.1, Recombination of the Iodine  Atoms 

The combination of iod ine  atoms on a t h i r d  body has been s tudied  

ex tens ive ly  18-22 and, a l though there  is some unce r t a in ty  about t h e  d e t a i l s  

of the  rate of this reac t ion ,  there  is s u f f i c i e n t  agreement among the  

de te rmina t ions  t o  permit t h e  use of t h i s  r e a c t i o n  t o  demonstrate t he  

capabili tes of t he  Chemical Camera. 

The mechanism o f  t h i s  r eac t ion  appears  t o  be2 j  that given by Eqs. 11 

and 12 i n  which M is a t h i r d  body, i.e., t h e  w a l l  of the  r eac t ion  vessel, 

I + M ~ I M  (11 1 

IM + 1+12 + M (12) 

a molecule, o r  a n  atom. 

h igh  pressure  (about 1 atm.) and high d i l u t i o n  of i od ine  molecules with 

a n  i n e r t  d i l u e n t  (about 1000 Xe atoms t o  1 iod ine  molecule i n i t i a l l y ) ,  

t h e  xenondi luent  w i l l  c e r t a i n l y  be the  most important  t h i r d  body. 

ever ,  a l though iod ine  molecules may be expected to  con t r ibu te  t o  the  rate 

because of  t h e i r  h igh  efficiency18 as t h i r d  bodies  i n  the  combination of 

i o d i n e  atoms, because of  t h e i r  low concent ra t ion  under the  experimental 

cond i t ions  descr ibed below, t h i s  :ray be neglected.  

Under the  experimental  condi t ions  of r e l a t i v e l y  

How- 

The rate o f  i od ine  atom recombination i n  t h e  presence of Xe is 

given by Eq. 13, i n  which terms i n  parentheses  i n d i c a t e  the  concent ra t ion  
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of t h e  spec ie s  enclosed there in .  

Previous measurements2’ have ind ica ted  t h a t  kXe% lolo and king 10’’ 
L 

3\2rnole-2sec-1. Under the  condi t ions designed f o r  performance of  this 

experiment, t h e  in i t ia l  concent ra t ion  of iod ine  molecules w i l l  be 

approximately 0.1% t h a t  of t h e  xenon atoms. Furthermore, the  i n t e n s i t y  

of  the  f l a s h  w i l l  be ad jus ted  s o  that some 90% of the  iod ine  d i s s o c i a t e s ,  

making the  Xe/12 r a t i o  approximately 10 , s o  t h a t  4 

i n  which case  the  second term on the  r i g h t  hand s i d e  of E q .  13 can be 

neglected with r e spec t  t o  the  f i r s t  term. 

I n  t h e  experiments described below, condi t ions  w i l l  be ad jus t ed  

s o  t h a t  t he  recombination r eac t ion  w i l l  proceed approximately t o  two- 

t h i r d s  completion i n  one revolu t ion  of t he  c ryos t a t .  I n  t h i s  way, 

s e n s i t i v i t y  w i l l  be  increased  s ince  t h i s  is the  time during-which t h e  

r e a c t i o n  proceeds most r ap id ly .  

A f u r t h e r  advantage of the iod ine  system is that the  a c t i v e  

s p e c i e s  is c o l o r l e s s  and the  ex t inc t ion  c o e f f i c i e n t  of t he  iod ine  atom 

(perhaps d i f f i c u l t  t o  measure) is not  requi red  s i n c e  a l l  a n a l y s i s  is 

based upon t h e  determinat ion of t he  amount of s t a b l e  iod ine  molecules. 
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3 .2 .2 .  Experimental Apparatus 

"he appara tus  w i l l  cons i s t  of a n  argcn f l a s h  lamp and appropr i a t e  

power supply t o  f u r n i s h  r ad ian t  energy t o  the vycor r e a c t i o n  v e s s e l  

p o r t i o n  of t h e  vacuum system, as i l l u s t r a t e d  i n  Fig. 6. 

w i l l  be loca t ed  i n  the end of the c e l l  from which a gas  sample w i l l  be  

A small o r i f i c e  

cont inuously taken i n t o  the  low pressure region of the  l i q u i d  n i t rogen  

cooled c r y o s t a t ,  

f i r i n g  and subsequent decay of  the f l a s h  lamp. 

The c e l l  w i l l  be f i l l e d  t o  a predetermined pressure  with a mixture 

During 

The s h u t t e r  w i l l  be opened i n  syncroniza t ion  wi th  the 

of  xenon and iod ine  of known composition with the s h u t t e r  closed. 

t h e  time p r i o r  t o  the  photo lys i s ,  t he  gases  which l e a k  out  of t h e  c e l l  

are pumped away by a u x i l i a r y  pumps which maintain the  pressure  below 10 

t o r r  i n  t h e  v i c i n i t y  of t he  s h u t t e r ,  

molecules f low,  v i r t u a l l y  without collisions, t o  t he  c r y o s t a t  where they 

a r e  f rozen  out .  

-5 

Upon opening the  s h u t t e r ,  atoms and 

3 .2 .3 .  Resul t s  and I n t e r p r e t a t i o n  

'iie l i g h t  from the  flash lamp w i l l  d i s s o c i a t e  some 90% of the  

Light of wave length  s h o r t e r  than  4995 A produces 

However, 

0 
i od ine  molecules. 

exc i t ed  atoms19 i n  a d d i t i o n  t o  d i z soc ia t ing  the  molecules. 

these  exc i t ed  atoms a r e  probably deac t iva ted  q u i t e  r ap id ly  r e l a t i v e  

t o  combination because no d i f fe rence  is observed i n  the  rate of 

combination of  atoms produced by r a d i a t i o n  of wave l eng th  l e s s  than  

4995 A and those  produced with l e s s  ene rge t i c  r a d i a t i o n  which y i e l d s  only 
e 
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ground state atoms. 

Since t h e  xenon ,s e s s e n t i a l l y  t ransparent  t o  t,,e r a d i a t i o n  

produced by t h e  f l a s h  lamp, no r a d i a t i o n  is absorbed and the  s l i g h t  

i n c r e a s e  i n  temperature of t he  gaseous system w i l l  be mainly due t o  

the energy imparted t o  t h e  atoms of i od ine  i n  excess  of t he  d i s soc i -  

a t i o n  energy. Since the  mixture is d i l u t e  with r e spec t  t o  iod ine ,  the 

o v e r a l l  temperature i n  t h i s  system w i l l  no t  be  changed by more than 

a few degrees23 by the  i n c i d e n t  r ad ia t ion .  

t h e  equive len t  of a mixture of  iod ine  atoms and iod ine  molecules immersed 

i n  a xenon bath.  Af te r  t he  average time requi red  f o r  t h e  particles of 

t h i s  system t o  undergo th ree  c o l l i s i o n s  (lo-’’ sec . )  t h e  system rega ins  

thermal equi l ibr ium. The only departure  from equi l ibr ium a t  t h i s  point  

is the  ino rd ina te ly  h igh  concent ra t ion  of  iod ine  atoms s o  t h a t  t he  re -  

combination of these  atoms occurs i n  a very w e l l  cha rac t e r i zed  environ- 

ment 

Hence, t he  f l a s h  produces 

The f i r s t  gas packet t o  be f rozen  out  on the  r o t a t i n g  c r y o s t a t  

w i l l  be t he  gas  t h a t  has  j u s t  received the  r a d i a n t  energy from t h e  flash 

lamp. The s h u t t e r  which prevented the gas  from reaching  the  c r y o s t a t  

opens j u s t  as the  lamp has  decayed. Since d i s s o c i a t i o n  of t h e  iod ine  

occurs  i n  less  than 10 sec. a f t e r  the  l i g h t  is absorbed, t h e  gas  

may be considered t o  d i s s o c i a t e  with a time cons t an t  which is exac t ly  

p a r a l l e l  t o  the  output  of the  f l a s h  lamp. 

with t h e  design of the  lamp and t h e  power supply,  but  i t  can e a s i l y  be 

madel’ less  than 100 q s e c .  i n  width, which is less  than the  expected 

r e s o l u t i o n  f o r  t he  c u r r e n t  design of t he  Chemical Camera. 

-12 

Natura l ly ,  t h i s  w i l l  vary 
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Thus we have a very simple system: Atoms are generated in s t an -  

taneously i n  v i r t u a l  thermal equilibrium with t h e i r  surroundings and the  

product ion of i od ine  molecules by t h e i r  reconbinat ion is  followed by the  

increase i n  t h e  o p t i c a l  absorp t ion  ( co lo r )  of  t he  material sampled from 

t h e  c e l l  as i t  p l a t e s  ou t  on t h e  r o t a t i n g  c r y o s t a t  i n  a n  angular  pos i t i on  

which corresponds t o  t h e  time a t  which i t  l e f t  t h e  ce l l .  Since pressures  

o u t s i d e  the  c e l l  are very low ( l e s s  than  t o r r )  v i r t u a l l y  no r e a c t i o n  

is expected t o  take  p lace  after the gas  leaves  the  cel l .  Hence the  

composition on the  c r y o s t a t  can be expected t o  be t h e  same as i t  was when 

the  gas  sample l e f t  t he  r e a c t i o n  c e l l .  Af te r  one r evo lu t ion ,  t he  s h u t t e r  

c l o s e s  t o  prevent  f u r t h e r  depos i t ion  over t he  material of interest .  

Hence, t h e  first ma te r i a l  deposited should be only s l i g h t l y  co lored  and 

t h e  i n t e n s i t y  of t he  c o l o r  should inc rease  monotonically with ang le  on 

t h e  c r y o s t a t ,  i .e. ,  with the  time i t  l e f t  t h e  r e a c t i o n  c e l l .  

"he a n a l y s i s  of  t he  data obtained from t h i s  experiment is 

s t ra ight forward .  The ra te  of recombination of i od ine  atoms t o  f o r a  

iod ine  molecules is given by Eq. 13, which reduces t o  

and, s i n c e  t h e  concent ra t ion  of  xenon is cons tan t  throughtout  the 

experiment , a new cons tan t ,  k' = k Xe 

Eq. 6 becomes 

(Xe) , may be def ined s o  that 
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The chemical equat ion  governing the  recombination is 

21 = I2 

so  t h a t  mass balance cons idera t ions  g ive  

(17) 

where the  s u b s c r i p t  "0" demote6 i n i t i a l  concent ra t ion  and t he  non- 

subsc r ip t ed  expressions i n  parentheses i n d i c a t e  ins tan taneous  concentra- 

t i ons .  

Changing t h e  va r i ab le  i n  Eq. 16, sub jec t  t o  t h e  r e l a t i o n s h i p  o f  

Eq. 18, g ives  Eq. 19: 

which may be i n t e g r a t e d  t o  g ive  

4 

Hence'a p l o t  of t h e  r ec ip roca l  o f  the  quan t i ty  t I 2 l 0  - (121 
as a funct ion  of time should give a s t r a i g h t  l i n e  whose slope is k' 

Absorption of v i s i b l e  l i g h t  is a d i r e c t  measure+ of t he  I, 

24 *The abso rp t ion  of molecular iodine does not p rec i se ly  follow Beer's l a w  
s o  t h a t  dev ia t ion  from i d e a l i t y  must be taken i n t o  account i n  the  i n t e r -  
p r e t a t i o n  of t hese  data.  
s o  that t h e  wave l eng th  chosen f o r  spectrophotometry will depend upon 
experimental  condi t ions.  

25 Also, t he  spectrum is  a funct ion of temperature 
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concent ra t ion  s o  t h a t  (I ), a s  required by Eq. 20, may be determined 

o p t i c a l l y  and r e l a t e d  t o  the  time o f  e f fus ion  from t h e  r e a c t i o n  c e l l  

by measurement of i ts angular  pos i t ion  on the  drum. 

2 

Should the  material frozen out  on the  drum s c a t t e r  l i g h t  s t rong ly  

a t t empt s  w i l l  be made t o  produce a n  organic glass by adding hydrocarbons 

t o  t he  mixture of gases  i n  the  c e l l .  

be chosen from among those known g l a s s  formers which do not  absorb i n  

t h e  reg ion  of i n t e r e s t .  Al te rna te  approaches inc lude  the  r e a c t i o n  of 

t h e  trapped iod ine  atoms with hydrogen atoms 

as a n  i d e n t i f i a b l e  d e r i v a t i v e  or t h e  use of ESR spectroscopy. 

The s p e c i f i c  hydrocarbons w i l l  

t o  produce hydrogen iod ide  

3.3.  "he Use of Liquid Helium a s  a Refr igerent  

Af te r  t he  c h a r a c t e r i s t i c s  of  t he  Chemical Camera and i ts  corn- 

ponent p a r t s  have been determined by the  procedures ou t l ined  i n  the  

previous s e c t i o n s  of  t h i s  repor t ,  i t s  a b i l i t y  t o  opera te  us ing  l i q u i d  

helium as t h e  r e f r i g e r a n t  w i l l  be demonstrated by r epea t ing  the  s p e c i f i c  

r e a c t i o n  rate cons tan t  f o r  t h e  recombination of i od ine  atoms, as 

descr ibed  i n  Sec t ion  3.2. In t h i s  case ,  t he  r o t a t i n g  c r y o s t a t  and 

t h e  upper heliilm r e s e r v o i r  w i l l  be cooled t o  the  temperature of l i q u i d  

helium, u t i l i z i n g  the  techniques of  Sec t ion  2 . 3 .  

I n  t h i s  way, t he  da t a  obtained a t  l iq l i id  n i t rogen  temperature 

can  be compared with t h a t  obtained when l i q u i d  helium is used as the 

r e f r i g e r a n t .  

o f  t h e  degree of s t a b i l i z a t i o n  of i od ine  atoms a t  77°K. 

This  comparison should provide da t a  t o  permit eva lua t ion  

- . ..., . ._ _.__ . . ...._--.- ...._- .-. . . . . ~ . . 



C H I S M A T I C S  R E S E A R C H  

The Chemical Camera 

4. CONCLUSIONS 

A spinning c r y o s t a t ,  r e f e r r ed  t o  he re in  as the Chemical Camera, 

has been designed t o  a l low sampling of a supersonic  gas  stream. 

and layout  drawings have been made and are presented wi th  t h i s  repor t .  

The e n t i r e  u n i t  is compatible f o r  use  i n s i d e  the JPL 43 inch  diameter 

Detail 

shock tunnel.  The des ign  incorpora tes  f e a t u r e s  t o  a l low use with 

l i q u i d  helium. 

The u l t ima te  time re so lu t ion  of t h e  device as i t  is now designed 

is  0.3 mi l l i seconds  wi th  a t e s t  dura t ion  of  12 mil l iseconds.  "he 

r e s o l u t i o n  can be increased  by a f a c t o r  of three by r ep lac ing  t h e  

5 m m  f i n a l  beam skimmer with a 1 t o  2 ma skimmer. 

is  helium cooled t o  avoid aerodynamic problems a s soc ia t ed  with molecular 

The f i n a l  skimmer 

beam skimmers. 

Two experiments have been designed t o  a l low experimental  v e r i f i c a t i o n  

of t h e  design f e a s i b i l i t y .  

of  t he  device t o  f r e e z e  f r e e  r a d i c a l s  and t o  follow the  time h i s t o r y  of 

a chemical r e a c t i o n  ( t h e  recombination of iod ine  atoms). A prel iminary 

ope ra t ing  procedure has  been described. 

by cons idera t ions  based upon the ca l cu la t ed  performance of  t h e  device.  

Final procedures must be obtained a f t e r  a working model has been con- 

s t r u c t e d  and experience has  been gained i n  its operat ion.  

These experiments w i l l  v e r i f y  both t h e  a b i l i t y  

This procedure has been evolved 

The t e s t s  descr ibed  i n  the body of t h i s  r e p o r t  a r e  t o  be per- 

formed f i r s t  us ing  l i q u i d  ni t rogen as t h e  r e f r i g e r a n t .  

opera t ion  has been achieved i n  t h i s  tenpera ture  range,  t he  experiments 

Af te r  success fu l  
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w i l l  be repea ted  using l i q u i d  helium t o  allow v e r i f i c a t i o n  of the  chemistry 

and t o  demonstrate t h e  u t i l i t y  of t h e  instrument  when l i q u i d  helium is 

t h e  cryogenic l iqu id .  
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APPE3DIX 

This appendix t o  Chematics Research Report 4001 h a s  been written 

i n  response t o  t h e  quest ions ra i sed  by JPL concerning t h e  prel iminary 

r e p o r t  submitted as part of the  requirements of  Contract  No. 951573. 

The ques t ions  r a i sed  are discussed below. 

1. Normal Shock Patterns on t h e  Shut te r  Housing - - 
The first ques t ion  is probably t h e  most d i f f i c u l t  t o  answer. 

Shock patterns on b lunt  bodies a re  i n h e r e n t l y  d i f f i c u l t  t o  p r e d i c t  and, 

i n  genera l ,  are determined experimentally. The fo l lowing  reasoning  led 

t o  t h e  s ta tement  on page 3 of the prel iminary r epor t .  

shown i n  Fig. LA of t h i s  appendix, is assumed t o  be a t  the  corner  o f  the 

s h u t t e r  housing s o  t h a t  a l l  t he  gas flowing through t h e  normal shock must 

pass through t h e  sonic  region. 

view of t h e  s h u t t e r  and i n t e r n a l  skimmers and i n d i c a t e s  t h e  approximate 

normal shock p a t t e r n s  generated by a Mach 4 o r  g r e a t e r  flow wi th  both  t h e  

The son ic  l ine ,  as 

Fig. 1 A  p re sen t s  a s k e t c h  of t h e  s e c t i o n a l  

va lve  i n  the  open and i n  the  closed pos i t i on .  The shock s tandoff  d i s t ance  

was obtained from the  width of the s h u t t e r  housing, as follows. For a 

l a r g e  two dimensional body (b, a f l a t  p l a t e )  t h e  r e l a t i v e  length6 are 

yco h49 
where the  length  y,, is ha l f  the body width D, and L is t h e  sonic 

l i n e  length.  The s u b s c r i p t s  cp and s refer t o  f r e e  stream and sonie 

and u are t h e  l o c a l  dens i ty  and ve loc i ty .  
and 4 condi t ions ,  r e spec t ive ly  , 
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F i g 3 r e . l .  Sketch o f  approximate shock l o c a t i o n  on s h u t t e r  ou t l i ne .  
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The l eng th  L is t h e  most important  parameter f o r  t h e  s h u t t e r  assembly 

s i n c e  i t  con t ro l s  t he  p o s i t i o n  o f  t h e  i n t r u d i n g  shock. 

mated by rearranging the  above and approximating 

L can be es t i -  

where a is the  sonic  speed behind t h e  shock, so  t h a t  
6 

which g ives  

f o r  Mach 4 flow and 

f o r  Mach 6 flow. With t h e  ex te rna l  s h u t t e r  as shown i n  t h e  prel iminary 

drawings, the  statement i n  the  prel iminary r e p o r t  is i n c o r r e c t o  The 

ske tch  accompanying t h i s  apsendix (Fig. LA) i n d i c a t e s  t h a t ,  un le s s  an  

e x t e r n a l  skimmer is used t o  exclude gas processed by t h e  s h u t t e r  bow 

shock, dis turbances w i l l  be f e l t  i n  t h e  gas sampled. 

mechanism modified as shown i n  the ske tch ,  only t h e  shock wave generated 

by the  boundary l a y e r  on t h e  external skimmer i n s i d e  diameter  w i l l  process  

t h e  t es t  gas. Drawing number 001006 has  been modified as i n d i c a t e d  on t he  

ske tch  s o  that a n  a t t ached  weak shock w i l l  exist  on t h e  o u t s i d e  of t h e  

With t h e  s h u t t e r  
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skimmer. 

shock i n t e r a c t i o n ;  however, t o  i n su re  r a p i d  opera t ion ,  t h e  s h u t t e r  s i ze  

should be as small as possible .  

between these  requirements.  

no t  cause spurious r e s u l t s  a tunnel  t e s t  should eventua l ly  be performed. 

The a c t u a l  p o r t  s i z e  should be as large as poss ib l e  t o  avoid 

The e x i s t i n g  des ign  is a compromise 

To insu re  t h a t  t he  e x t e r n a l  skimmer does 

2. The Vacuum Shaf t  S e a l  - ---- 
The second ques t ion  concerns t h e  vacuum s h a f t  seal. A t  least 

two s i m i l a r  s h a f t  seals have been b u i l t  and have been repor ted  t o  be 

successfu l .  

Thomas ("Fif th  I n t e r n a t i o n a l  Symposium on Free Radicals ,  Uppsala", 

Paper #70, Gordon and Breach, Inc., New York (1961); Trans. Faraday 

SOC., 2, 1679 (1461); - h o c .  Roy. SOC., (London), ~ 2 8 0 ,  123 (1964)) 

have repor ted  success fu l  opera t ion  of  similar devices  a t  2500' RPM. 

The instruments b u i l t  ny Flamantov and by Thomas were cons t ruc ted  i n  

a r e l a t i v e l y  casual  manner (Mamantov, p r i v a t e  communication). Corn- 

p l e t e  engineering drawings were not prepared f o r  e i t h e r  device and 

the  d e t a i l e d  engineering requi red  f o r  c o n c e n t r i c i t y  has ,  apparent ly ,  

not  been necessary f o r  r o t a t i o n a l  speeds up t o  2500 RPM. 

the  present  device,  a major f r a c t i o n  of t h e  engineer ing  time has been 

devoted t o  the  d e t a i l s  r equ i r ed  t o  o b t a i n  success fu l  ope ra t ion  of t h e  

seal. 

vacuum pumped s e a l  has  been included i n  t h e  design. 

shaf t -bear ing assembly inc ludes  design d e t a i l s  t o t a l l y  l ack ing  i n  e i t h e r  

the  device of k n a n t o v  o r  of Thomas. 'de have e s p e c i a l l y  avoided the  

Phnantov, e t  al., (Rev. Sc i .  Instr., 37, 836 (1966)) and 

I n  designing 

Carbonized t e f l o n  "O"-rings have been s p e c i f i e d  and a d i f f e r e n t i a l  

We fee l  that t h e  

problems assoc ia ted  with non-concentricity and, t he re fo re ,  f e e l  that a 
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high  probabi l i ty  f o r  success fu l  vacuum ope ra t ion  e x i s t s  f o r  t he  present  

design. 

3. The Sauib Operated High Speed Valve - -- - 
The last  engineer ing  quest ion mnce rns  t h e  use of the  squ ib  

operated valve instead of a capac i tor  heated wire s h u t t e r .  

heated wire s h u t t e r  is b a s i c a l l y  a small a p e r t u r e  device so that t h e  

u s e  of one i n  the  p re sen t  a p p l i c a t i o n  would r e q u i r e  t h a t  t h e  s h u t t e r  be 

loca ted  near the c r y o s t a t  surface.  To prevent shocks,  t h e  s h u t t e r  would 

A capac i to r  

have t o  be c ryogenica l ly  cooled. F i n a l l y ,  a n  a d d i t i o n a l  slow s h u t t e r  

would be required t o  seal the  ex te rna l  vacuum jacke t  a f t e r  completion of 

the  t e s t  s o  t h a t  t h e  chemical components could be sampled a t  a la te r  time. 

The combination of two s h u t t e r s  and t h e  cool ing  requirement placed upon the 

wire s h u t t e r  f i n a l l y  l e d  t o  t h e  design of t h e  r e l a t i v e l y  s t r a igh t fo rward  

squib  actuated device.  

t o  information both from engineers working on such devices  and from repre-  

s e n t a t i v e s  of the ordnance indus t ry ,  t h i s  u n i t  should ope ra t e  as predicted.  

S imi l a r  valves a r e  used i n  gun tunne l s  and, according 

The e n t i r e  Chemical Camera has been designed conservat ively.  "he 

entrance port ,  s h a f t  seal, and s h u t t e r  device are all areas where engi- 

neer ing conpromises were required.  

d i c t a t e d  by s p a t i a l  requirements  (&, drum s i z e  l e d  t o  n i t rogen  j a c k e t  

s i z e ,  which, i n  tu rn ,  l e d  t o  t h e  e x t e r n a l  j a c k e t  diameter) .  The s h u t t e r  

i n l e t  was designed t o  be as l a r g e  as poss ib l e  without s eve re ly  compromising 

t h e  p robab i l i t y  of s u c c e s s f u l  s h u t t e r  operat ion.  

The gene ra l  c r y o s t a t  l ayou t  was 

4. Analysis o f  t he  Record on t h e  Cryos ta t  
A -- 

The four th  ques t ion  is concerned with the  chemical a n a l y s i s  of  t h e  
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record on the  c r y o s t a t  drum. 

f o r  t h e  determinat ion of stable and r e l a t i v e l y  un reac t ive  gases  such as 

CO, C02, N2, and 02, etc. 

poss ib ly  absorp t ion  spectroscopy are s u i t a b l e  f o r  such  ana lys i s .  

Classic methods of  a n a l y s i s  can be used 

G a s  chromatography, mass spectrometry,  and 

Gas chromatography is probably t h e  cheapest  and easiest method 

of a n a l y s i s  of such gases provided proper  (low) temperature  c o n t r o l  and 

s u i t a b l e  column packings are ava i lab le .  

l i t t l e  a p r i o r i  information about  the i d e n t i t y  of t h e  components, chroma- 

tographs must be c a l i b r a t e d  p r i o r  t o  use. 

Since r e t e n t i o n  times provide 

Mass spec t romet r i c  ana lys i s ,  

however, appears t o  be more p r a c t i c a l  f o r  mixtures  of  t h e  four  gases  

spec i f ied .  

given i n  Table 1 of  t h i s  appendix. The exac t  s p e c t r a  w i l l ,  of  course,  

depend upon many f a c t o r s  so that i f  extreme p r e c i s i o n  is requi red ,  t h e  

instrument w i l l  have t o  be c a l i b r a t e d  immediately p r i o r  t o  t h e  ana lys i s .  

However, f o r  most work (and f o r  most spec t rometers )  t h e  requi red  p rec i s ion  

can be obtained with l i t t l e  ca l ib ra t ion .  Using the i n t e n s i t y  a t  m/e = 12, 

14, 16, 28, 32, and 44, s i x  equations are obta ined  i n  the fou r  unknown 

concentrat ions.  The overdeterminat ion is d e s i r a b l e  p a r t l y  because of t h e  

v a r i a b i l i t y  of t h e  28 peak generated by oxygen on t h e  carbonized tungsten 

fi lament.  

l abo ra to r i e s )  t h i s  problem is v i r t u a l l y  e l iminated.  However, t he  over- 

determinat ion is still d e s i r a b l e  a6 a check on prec is ion .  

“yp ica l  mass spec t romet r ic  d a t a  f o r  t he  s p e c i f i e d  gases  are a 

I f  rhenium f i laments  a r e  used (common p r a c t i c e  i n  many modern 

I f  o the r  components a r e  introduced i n t o  t h e  mixture,  t h e  mass 

spectrum obtained can  gene ra l ly  be i n t e r p r e t e d  by s tandard  d a t a  handling 

techniques analogous t o  t h e  procedure descr ibed  above f o r  t he  determina- 
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Table 1 

MASS S P E C T R O ~ T R I C  DATA FOR SELECTED GASES 

(70 Volt Accelerat ion P o t e n t i a l )  

Material  m/e Peak I n t e n s i t y  Material m/e Peak I n t e n s i t y  
Source O Source O 

16 O2 

28 

32 

33 i 

34 i 

44 

14 Nz 
28 

29 i 

5.13 

3.17' 

100.00'' 

0.08 

0.41 

0.34" 

5.18 

100.00'* 

0.73 

co 1 2  

13 i 

14 d 

16 

28 

29 i 

30 i 

12  

13 i 

16 

28 

29 1 

44 

c02 

45 i 

46 i 

4.71 

0.0s 

0.75 

1.67 

100.00" 

1.16 

0,22 

6.67 

0.09 

9.40 

8.17 

0.10 

100.00** 

1.12 

.0.39 

*Due t o  r eac t ion  with carbonized tungsten f i laments .  
f i laments  v i r t u a l l y  e l imina tes  these peaks. 

The use of rhenium 

**Parent  peak 

OPeak source: i, i s o t o p i c  peak; d ,  doubly charged ion. 
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t i o n  of oxygen, n i t rogen ,  carbon dioxide,  and carbon monoxide mixtures. 

Time r e s o l u t i o n  i n  t h e  ana lys i s  can be obtained by scrap ing  a 

s t r i p  of sample from the  c r y o s t a t  s u r f a c e  and al lowing i t  t o  w a r m  up 

on contac t  with t h e  walls of t h e  apparatus  and t o  expand i n t o  the  mass 

spectrometr ic  sampling bulb. 

Reactive s p e c i e s ,  such as f r e e  r a d i c a l s ,  must be determined by 

more s o p i s t i c a t e d  means, as described i n  t h e  body of t h i s  repor t .  

In  s i t u  abso rp t ion  spectroscopy would be d i f f i c u l t  i n  t h i s  case -- 
pr imar i ly  because of  t h e  s p e c t r a  o f  n i t rogen  and of oxygen. 

could a l s o  be expected t o  a r i s e  from t he  c r y s t a l l i n i t y  of t he  trapped 

ma te r i a l  . 

Dif f i cu l ty  


