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I NT RO DUCT I ON 

Knowledge o f  the in f rared rad ia t i ve  propert ies o f  rocket exhaust gases i s  

required i n  many appl icat ions.  Examples include the p red ic t i on  o f  r a d i a t i v e  

heat ing t o  the base regions of multi-engine vehic les and the long-range detect 

o f  b a l l  i s t i c  missi les.  The magnitude and cha rac te r i s t i cs  o f  t h i s  i n f ra red  rad 

ti on depends on the f 1 ame compos i ti on and temperature 

Ana ly t i ca l  studies o f  the rad ia t i ve  heat ing from rocket exhaust plumes 

on 

a- 

indicated the need f o r  complete and accurate spectral  absorption data. 

numerous i nvest i ga ti ons of C02 and H20 have been reported recent 1 y , the resu 1 t s  

are f o r  a maximum temperature of 1200 K o r  are r e s t r i c t e d  t o  a narrow wave- 

length region. Furthermore, e x i s t i n g  theor ies f o r  p red ic t i ng  i n f r a r e d  rad ia t i on  

f rom h igh temperature gases a re  based on h i g h l y  ideal ized physical models. The 

Val i d i  t y  and appl icabi  1 i t y  o f  the resu l t s  based on these theor ies requi re  ex- 

perimental confirmation. 

Although 

a 

The ob jec t i ve  o f  the present study i s  t o  obta in  the spectral cha rac te r i s t i cs  

o f  a number o f  common combustion products under a v a r i e t y  o f  accurately known 

thermodynamic and o p t i c a l  condit ions. An experimental apparatus f o r  t h i s  purpose 

has been designed and constructed. The key element i s  a graphi te resistance 

furnace w i t h  an i n e r t  ceramic tube l i n e r  f o r  the containment o f  high-temperature 

gases. A beam o f  rad ia t i on  from a high-temperature source i s  d i rected through a 

known length o f  t e s t  gas i n  the center region o f  the furnace. A monochrometer on 

the opposite end o f  the furnace i s  used t o  measure the amount o f  energy absorbed 

as a func t i on  o f  wave length. 

Measurements o f  the spectral a b s o r p t i v i t i e s  o f  carbon monoxide were reported 

lhese inciuded data f o r  the 4.67 micron fundamental _. 
dur ing the previous quarter. 

band a t  path lengths o f  1,  5, 10 and 20 cm and temperatures o f  300, 600, 900, 
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1200, and 1500' K over the pressure range of 1/4 t o  3 atmospheres. 

f i r s t  overtone band absorption was found t o  be s i g n i f i c a n t  only f o r  a path 

length of  20 cm a t  pressures o f  1 ,  2, and 3 atmospheres f o r  the same temperatures. 

For the 

TRANSFER OF PROJECT TO DAVIS CAMPUS 

As a r e s u l t  of the move o f  the p r inc ipa l  invest igator  from the Berkeley Campus 

t o  the Davis Campus o f  the Univers i ty  of Ca l i f o rn ia  the p ro jec t  was t ransferred 

t o  the Davis Campus dur ing the present quarter. Since i t  was necessary t o  d i s -  

assemble the high-temperature spectral absorption apparatus f o r  moving, i t  was 

decided t o  review the o r i g i n a l  design before reassembly. The p a r t i c u l a r  ob jec t i ve  

o f  t h i s  was t o  see i f  modif icat ions could be made t o  permit  absorption measurements 

a t  h igher temperatures. 

REASSEMBLY OF INFRARED SPECTRAL ABSORPTI ON SYSTEM 

Two possible arrangements are being considered. The f i r s t  i s  s i m i l a r  t o  

the o r i g  nal and i s  p i c tu red  i n  Figure 1 .  Greater f l e x i b i l i t y  w i l l  be achieved 

by mount ng the source, furnace and monochrorneter on an o p t i c a l  bench. 

The second arrangement i s  t o  mount the tube furnace so t h a t  i t s  ax i s  i s  

v e r t i c a l  rather than hor izonta l .  The major advantage o f  t h i s  i s  t h a t  the stress 

i n  the ceramic l i n e r  w i l l  be compression only. Th is  i s  very important a t  the 

higher temperatures o f  operat ion desired (1800 t o  2400' K). 

tage i s  the amount o f  f r e e  convection which may resu l t .  Previous test ing,  however, 

has indicated d e f i n i t e  convection currents even when the furnace ax i s  i s  hor izonta l .  

Ver t  i ca 1 operation, may, theref  ore, be sat  i sfactory  . 

A possible disadvan- 

A second major change w i l l  be made i n  the type o f  window holder used t o  

def ine the t e s t  path length. T h i s  component o f  the apparatus has been the 
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f a c t o r  which determined the upper temperature. I n  order t o  make measurements 

above 1500' K the type of  window holder shown i n  Figure 2 i s  being designed. 

i t  w i i l  cons is t  of three ceramic tubes. The center tube w i i l  a c t  as a spacer 

and span the t e s t  section. External pressure on the two outer  tubes w i l l  ho ld  

two sapphire windows i n  place. A platinum r i n g  w i l l  be used t o  provide a seal 

between the t e s t  sect ion and the inside o f  the two outer tubes. S nce some 

temperature drop across the t e s t  sect ion can be to lerated,  gas coo ing  o f  

the sapphire windows w i l l  also be included. 

I n i t i a l  t es t i ng  of  the reassembled apparatus w i th  new window holders w i l l  

be made w i th  carbon monoxide. E f f o r t  w i l l  then be d i rected t o  carbon d iox ide 

and water vapor. 





I- 

E -  
a& 

V 

I a s  

(r 
w 
Q 
.I 
0 
Iz 

0 a 

u 
m 
3 
l- 

0 
W 
m 
0 
Q 


