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PREFACE 

The work r e p o r t e d  h e r e i n  was conducted by the Arnold Eng inee r ing  
Development  Cente r  (AEDC), Air  Fo rce  Sys tems  Command (AFSC), 
under  P r o g r a m  E lemen t  65807F. The r e s u l t s  of the r e s e a r c h  were  
obtained by ARO, Inc. (a subs id i a ry  of Sverdrup  & P a r c e l  and 
Assoc i a t e s ,  Inc. ), con t rac t  o p e r a t o r  of AEDC, AFSC, Arnold Air  
F o r c e  Station,  Tennessee ,  under  ARO P r o j e c t  Number  V35S-62A. 
The author  of this  r e p o r t  was J. A. Roux, ARO, Inc. The m a n u s c r i p t  
(ARO Contro l  No. ARO-VKF-TR-75-91)  was submit ted  fo r  publ ica t ion  
on June 24, 1975. 
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1.0 INTRODUCTION 

R e c e n t l y  an i n f r a r e d  (IR) s c a n n i n g  c a m e r a  was  p u r c h a s e d  f o r  u s e  at 
AEDC.  The  c a m e r a  can  be u s e d  fo r  m a p p i n g  the  t e m p e r a t u r e  d i s t r i b u t i o n  
of t e s t  a r t i c l e s  in s p a c e  s i m u l a t i o n  c h a m b e r s  and a l s o  f o r  a e r o d y n a m i c  
h e a t i n g  on wind t u n n e l  m o d e l s .  F o r  a e r o h e a t i n g  a p p l i c a t i o n s ,  the  c a m e r a  
is  u s e d  to m e a s u r e  the  t r a n s i e n t  t e m p e r a t u r e  d i s t r i b u t i o n  on a mode l ;  f r o m  
t h e s e  m e a s u r e m e n t s  the  d i s t r i b u t i o n  of the  h e a t - t r a n s f e r  c o e f f i c i e n t  is  
d e t e r m i n e d .  A n o t h e r  p o t e n t i a l  a p p l i c a t i o n  f o r  the  IR s c a n n i n g  c a m e r a  is  
f o r  u s e  in  m e a s u r i n g  p l u m e  r a d i a n c e  ( r a d i a n t  flux) f r o m  r o c k e t  e n g i n e s  
f i r e d  in the  s p a c e  s i m u l a t i o n  c h a m b e r s .  

S ince  t he  IR s c a n n i n g  c a m e r a  m e a s u r e s  r a d i a n t  f lux,  it is  n e c e s s a r y  
to i n f e r  t e m p e r a t u r e  m e a s u r e m e n t s  f r o m  f lux  m e a s u r e m e n t s .  F o r  ob-  
t a i n ing  s u r f a c e  t e m p e r a t u r e s  it is  n e c e s s a r y  to know the  e m i s s i v i t y  of the  
s u r f a c e .  H e n c e  an i n t e g r a t i n g  s p h e r e  r e f l e c t o m e t e r  w a s  a s s e m b l e d  f o r  
m e a s u r i n g  the  s p e c t r a l - d i r e c t i o n a l  e m i t t a n c e .  B e c a u s e  the  IR s c a n n i n g  
c a m e r a  is  equ ipped  wi th  an i n d i u m  a n t i m o n i d e  (InSb) d e t e c t o r  (which  
o p e r a t e s  in  the  2-  to 5 - ~ m  w a v e l e n g t h  band) ,  the  s p e c t r a l  r a n g e  f r o m  1. S 
to 5 .5  ~ m  was  c o v e r e d  in the  s p e c t r a l  m e a s u r e m e n t s .  The  a n g u l a r  r a n g e  
of i n t e r e s t  was  f r o m  n e a r  n o r m a l  to 30-deg v i ew ang le .  Also ,  the  t e m p e r -  
a t u r e  r a n g e  c o v e r e d  was  f r o m  a m b i e n t  to 500°F, s i n c e  500°F is  about  the  
m a x i m u m  m o d e l  t e m p e r a t u r e  e n c o u n t e r e d  in wind  t u n n e l s  w h e r e  t he  IR 
c a m e r a  m a y  be u s e d .  

F o r  the p u r p o s e  of m e a s u r i n g  the  r a d i a n t  f lux  f r o m  a body  o r  an 
e x h a u s t  p l u m e  it i s  n e c e s s a r y  to c a l i b r a t e  the  IR c a m e r a  a g a i n s t  a b l a c k -  
body  s o u r c e .  A l so ,  it is  n e c e s s a r y  to have  a c a l i b r a t i o n  b l a c k b o d y  in  
o r d e r  to d e t e r m i n e  the  t e m p e r a t u r e  of n o n b l a c k b o d y  opaque  s u r f a c e s .  
T h e  r e q u i r e m e n t s  f o r  the  b l a c k b o d y  c a l i b r a t i o n  s o u r c e  a r e  tha t  it  can  be 
u s e d  u n d e r  v a c u u m  cond i t i ons  and tha t  it have  a l a r g e  a p e r t u r e  s u c h  tha t  
the  c a l i b r a t i o n ,  s o u r c e  can  be u s e d  at l a r g e  d i s t a n c e s  wi thout  be ing  l i m i t e d  
by the  s p a t i a l  r e s o l u t i o n  of the IR c a m e r a .  T h i s  is e s p e c i a l l y  t r u e  f o r  
IR c a m e r a  u s e  in the  l a r g e  v a c u u m  c h a m b e r s  w h e r e  t h e  c a m e r a  is  l o c a t e d  
at  c o n s i d e r a b l e  d i s t a n c e s  away  f r o m  the  t e s t  ob j ec t .  

Wi th  a v a c u u m - r a t e d  c a l i b r a t i o n  s o u r c e  the  IR c a m e r a  can  be c a l i -  
b r a t e d  f o r  the  s a m e  l o c a t i o n  as  the  t e s t  a r t i c l e ,  and a l so  the c a l i b r a t i o n  
can  e l i m i n a t e  the  e f f ec t s  of any window ( t r a n s m i t t a n c e s  o r  m i r r o r  r e f l e c -  
t ions ) .  B e c a u s e  m o s t  t h e r m a l  v a c u u m  t e s t s  i nvo lve  t e m p e r a t u r e s  be low 
250°F,  the  c a l i b r a t i o n  b l ackbody  was  d e s i g n e d  to o p e r a t e  at t e m p e r a t u r e s  
of 250°F and be low.  
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2.0 TECHNIQUE OF DETERMINING SPECTRAL-DIRECTIONAL EMITTANCE 

The  a b s o l u t e ,  s p e c t r a l  d i r e c t i o n a l  e m i t t a n c e  of v a r i o u s  s u r f a c e s  
was  ob ta ined  by m e a s u r i n g  the h e m i s p h e r i c a l - d i r e c t i o n a l  r e f l e c t a n c e  
and app ly ing  the  c o n s e r v a t i o n  of e n e r g y  p r i n c i p l e  for  an opaque,  
s u r f a c e ,  n a m e l y  

E d ffi 1 - Ohd (i) 

The  h e m i s p h e r i c a l - d i r e c t i o n a l  r e f l e c t a n c e  is  def ined  (Refs .  

Ohd - = ei,h(1)l~ Ii(1) 

1 and 2) as  

(2) 

w h e r e  I r (~,X) is  the  r e f l e c t e d  i n t e n s i t y  for  a s m a l l  c o l l e c t i o n  so l id  angle  
Aw r (0.02 s t e r a d i a n s )  which  is  i nc l i ned  at the  ang le  ~/, and el ,  h (X) i s  
the  h e m i s p h e r i c a l l y  i n c i d e n t  r a d i a n t  e n e r g y .  A s s o c i a t e d  wi th  ei ,  h (X) is  
the d i f fuse  i nc iden t  i n t e n s i t y  Ii(k).  In a l l  c a s e s ,  k i n d i c a t e s  the  p a r t i c u l a r  
m o n o c h r o m a t i c  w a v e l e n g t h  of the  m e a s u r e m e n t .  In t h i s  work  the s a m e  
so l id  ang le  was  u s e d  for  m e a s u r i n g  both Ir(~/, X) and Ii(X) so  tha t  the  a b s o -  
lu te  h e m i s p h e r i c a l - d i r e c t i o n a l  r e f l e c t a n c e  can  be found f r o m  the r i g h t -  
hand s ide  of Eq.  (2). In o r d e r  to d e t e r m i n e  the  abso lu t e  h e m i s p h e r i c a l -  
d i r e c t i o n a l  r e f l e c t a n c e  (and hence  d i r e c t i o n a l  e m i t t a n c e )  of a s a m p l e  at 
a g i v e n  w a v e l e n g t h  us ing  Eq.  (2), i t  was  n e c e s s a r y  to m e a s u r e  a s i g n a l  
p r o p o r t i o n a l  to l r (%~, X) and Ii(X) and t h e n  r a t i o  the  two a c c o r d i n g  to Eq.  (2). 
T h e s e  m e a s u r e m e n t s  w e r e  ob ta ined  (a l so  s ee  Ref .  1) by v i ewing  the  
s a m p l e  at  a g iven  w a v e l e n g t h  and ob ta in ing  a d e t e c t o r  output  D r (k), w h i c h  

was  p r o p o r t i o n a l  to I r (~/, X), D r  = c Ir(%~, k). A p o r t i o n  of the  s p h e r e  w / I /  
wh ich  was  not  d i r e c t l y  i r r a d i a t e d  by the  s o u r c e  was  t hen  v i ewed  u n d e r  the  
s a m e  cond i t ions  of Aw r and X; a d e t e c t o r  output ,  D i, was  t h e r e b y  ob ta ined  
wh ich  was  p r o p o r t i o n a l  to Ii(X) , D i = c Ii(x).  The  p r o p o r t i o n a l i t y  cons t an t ,  
c, depends  only on the  v i ewing  op t ics  and d e t e c t i o n  s y s t e m  and is  the  s a m e  
in both  c a s e s .  F u r t h e r ,  s i n c e  the s p h e r e  wa l l  was  p e r f e c t l y  d i f fuse ,  i t  
was  u n i f o r m l y  i r r a d i a t e d  by m u l t i p l e  r e f l e c t i o n s .  T h e  i n t e n s i t y  of the  
r a d i a t i o n  r e f l e c t e d  f r o m  the  s p h e r e  wa l l  i s  t hen  equa l  to the  i n t e n s i t y  
which  i s  i nc iden t  on the  t e s t  s u r f a c e .  The  abso lu t e  r e f l e c t a n c e  was  d e t e r -  
m i n e d  by r a t i o i n g  the two d e t e c t o r  outputs ,  s i n c e  

D r c I r  (@, 1) 
D--~. c 1.1 (I)  Phd (3) 
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It shou ld  be s t r e s s e d  tha t  the  r e f l e c t a n c e s  (and h e n c e  d i r e c t i o n a l  e m i t -  
t an ce s )  ob ta ined  wi th  th is  t e c h n i q u e  a r e  abso lu te .  The  r e f l e c t a n c e  is  
m e a s u r e d  d i r e c t l y  and is  not  r e f e r e n c e d  to a s t a n d a r d  r e f l e c t o r .  
E m p l o y i n g  t h e s e  p r i n c i p l e s  m a d e  it p o s s i b l e  to obta in  the  abso lu t e  
d i r e c t i o n a l  e m i t t a n c e s  of the  s a m p l e s  [v ia  Eqs .  (3) and (1)] .  

3.0 APPARATUS 

The  i n t e g r a t i n g  s p h e r e  ( see  F i g s .  1 and 2) u s e d  in th is  s tudy  c o n s i s t e d  
of two s t a i n l e s s  s t e e l  h e m i s p h e r e s  8 in. in d i a m e t e r  and a c e n t r a l l y  l o c a t e d  
s a m p l e  h o l d e r .  As was  no ted  above,  i t  was  i m p o r t a n t  that  the  i n t e r i o r  
of the  s p h e r e  be a d i f fuse  r e f l e c t o r .  Th i s  was  a c c o m p l i s h e d  by coa t ing  
the  i n t e r i o r  of the  s p h e r e  with a th i ck  ( g r e a t e r  than  3 m m )  coat  of p o w d e r -  
ed s o d i u m  e h o l r i d e  (NaC1); the  NaC1 was  p r e s s e d  onto a th in  f i l m  of low 
vapo r  p r e s s u r e  v a c u u m  g r e a s e .  

,.- 8-in. Sphere Powdered 
NaC I NaC ! I( ,, 
Window-C°a~i ng~~t io~n 

\ 
Light Chopper-~ ]~TeStsurface )~:~.eflectei:l. 3 

:el _~ ~r'~ t "/@Test Surface Spherical • ~ r 

Mirror-1~ ~ ~ \ llDiffusely X \ ~ IIIrradiated 
) _ ~ 1  I~-'I"._NaCI Radiation Source ~ - ~  Window 

Pivot Point j 

Rotatable 
Table-~.~ 

l 

Paraboloidal 
Mirror 

~ T o  
Pumping 
System 

Plane Mirror 

~ ~  - / . V /  W Ml~°chr°mat°r 

I I 
Monochromator 

I I 
Figure 1. Schematic of infrared integrating sphere and components. 
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Figure 2. 8-in. integrating sphere with optical system. 

The samples were of a standard size, the dimensions being 1 by 
1=1/2 in. The directional emittance of paints and RTV's was determined 
by applying them to a I by 1-1/2 by 3/16-in. piece of stainless steel 
equipped with a copper-constantan thermocouple (silver soldered) for 
t e m p e r a t u r e  m o n i t o r i n g .  T h e s e  s a m p l e  s l u g s  w e r e  s c r e w e d  onto a f l a t  
p l a t e  of the  s a m e  d i m e n s i o n s ;  to the  r e a r  of th i s  p la t e  was  s i l v e r  s o l d e r e d  
the  e l e c t r i c a l  h e a t e r  fo r  control_ling t he  t e m p e r a t u r e  of the  s l u g s .  T h e  
s t e m  (see  F ig .  3) of the  s a m p l e  h o l d e r  was  d e s i g n e d  so  tha t  the  s a m p l e  
could be r o t a t e d  360 deg and moved  l a t e r a l l y  f r o m  one s ide  of the  i n t e -  
g r a t i n g  s p h e r e  to the  o the r .  The  s t e rn  of the  s a m p l e  h o l d e r  was  
t h e r m a l l y  i o s l a t e d  f r o m  the  (hot) s a m p l e  by a 1 / 8 - i n .  s t a i n l e s s  s t e e l  
tube t h r o u g h  wh ich  f lowed cool ing  w a t e r .  Thus  t h e r e  was  no d a n g e r  of 
the  s t e m  b e c o m i n g  hot o r  any d a n g e r  of i n j u r y  to  the  e x p e r i m e n t o r .  

The inside of the assembled integrating sphere could be evacuated 
using an ion pump, a 4-in. oil diffusion pump with a freon-cooled trap, 
and a mechanical pump. Chamber pressures inside the integrating sphere 
were measured using an ion gage and a thermocouple gage; typical chamber 
pressure during tests was 4 x 10 -5 torr. 



AEDC-TR-T6-11 

Light from a i, 000-w tungsten-iodide bulb was chopped at 13 Hz and 
then focused through a 3-in. -diam NaCI window onto a portion of the 
back wall inside the integrating sphere. The light was then reflected 
diffusely throughout the sphere by the wall coating and was hemispheri- 
cally incident on the sample surface with a diffuse distribution. The 
radiation passed through a NaCI window on the front viewport and was 
collected by an off-axis paraboloidal mirror after it was reflected either 
from a portion of a sphere wall which was not directly irradiated, or 
from the sample surface. Then, this same off-axis paraboloidal mirror, 
along with a folding mirror, focused the radiation on the entrance slit 
of a Perkin Elmer Model 98 monochromator. The rnonochromator, 
paraboloidal mirror, and folding mirror were mounted on a table top 
which could be rotated about the vertical centerline of the viewport, 
allowing the collection of the radiation from either the test surface or 
the sphere wall. 

A EDC~i 2330-75 

Figure 3. Sample holder assembly. 

9 
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l 

The Model 98 m o n o c h r o m a t o r  is used with a ca l c ium f luor ide  
(CaF2) p r i s m  and is  a s i n g l e - p a s s  i n s t rumen t .  The wavelength  
v e r s u s  d r u m  number  ca l i b r a t i on  is shown in Fig.  4. After  the 
r a d i a t i o n  pa s sed  th rough  the m o n o c h r o m a t o r  where  the wavelength  of 
i n t e r e s t  was se l ec ted ,  it was de tec ted  by a Reedee r  t he rmocoup le  
(RP-5W) de tec to r .  The s igna l  f r o m  the de tec tor  was then  ampl i f ied  
th rough  a P r i n c e t o n  Applied R e s e a r c h  (PAR) Model AM-1 t r a n s f o r m e r ,  

E , . i  

¢ O  

10. 0 
8.0 
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0.8 

0.6 

0.4 

B 

m 
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400 

I I I I I I I I 

I I I I I i I I 
600 800 1,000 1,200 1,400 l,(~0 1,800 2,000 2,200 

0rum Number 

Figure 4.  Model 98 wavelengt~ calibration for CaF2 prism. 

a PAR 113 p r e a m p l i f i e r ,  and then through a PAR 120 l o c k - i n  ampl i f i e r ;  
the s igna l  was d i sp layed  on a s t r i p  char t  r e c o r d e r .  This  s y s t e m  
al lowed the d i r ec t i ona l  emi t t ance  of a s ample  to be d e t e r m i n e d  spec -  
tra].ly in the wavelength  r ange  f r o m  0.50 to 5.50 #m. F o r  IR c a m e r a  
pu rpose s  the wavelength  r eg ion  of p r i m a r y  i n t e r e s t  is f r o m  2 to 5 #m 
s ince  the c a m e r a  is equipped with an InSb de tec to r .  (See Fig.  5 for  
t yp ica l  InS b D* p e r f o r m a n c e .  ) 

10 
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Figure 5. Detectivity of a typical InSb detector (Ref. 3). 

The b lackbody  s o u r c e  d e s i g n  for  c a l i b r a t i n g  the IR s c a n n i n g  c a m e r a  
fo r  t e m p e r a t u r e s  of 2 5 0 ° F  and below is  shown in F ig .  6. The  b l a c k b o d y  
is  m a d e  of a l u m i n u m  wi th  an a p e r t u r e  of 5 - 1 / 2  in.  ID and 6 in. OD and 
a t o t a l  l e n g t h  of 22 in.  T h i s  s o u r c e  has  the  b a s i c  g e o m e t r y  of a con i ca l  
cav i ty  and is  pa in t ed  on the i n s i d e  wi th  b lack  pa in t  (Rus t -Oleum@ 4279 
Black) .  The  r e q u i r e m e n t  fo r  a l a r g e  a p e r t u r e  i s  a t t r i b u t a b l e  to the  s p a t i a l  
r e s o l u t i o n  of the  IR c a m e r a .  The  s p a t i a l  r e s o l u t i o n  of the  IR c a m e r a  i s  
dep i c t ed  in F ig .  7 for  t h r e e  f i e ld  of v iew (for) l e n s e s  (10, 25, and 45 deg).  
The  s p a t i a l  r e s o l u t i o n  is  the  s m a l l e s t  ang le  ( m e a s u r e d  in  10 .3  r a d i a n s )  
fo r  wh ich  the  c u r v e  in  F ig .  7 is  s t i l l  f la t ;  i. e . ,  fo r  the  10-deg  f o r  l e n s  

11 
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a. Photograph of calibration blackbody 
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Figure 6. Blackbody calibration source. 
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Figure 6. Concluded. 

the  spa t i a l  r e s o l u t i o n  is  about 4 m r a d ,  fo r  the  2 5 - d e g  fov l e n s  the  spa t i a l  
r e s o l u t i o n  is about 9 m r a d ,  and fo r  the 4 5 - d e g  fov l e n s  the  spa t i a l  r e s o l u -  
t ion  is about 15 m r a d .  F o r  e x a m p l e ,  ff the  c a m e r a  w e r e  u s e d  wi th  the  
2 5 - d e g  fov l e n s  at a d i s t a n c e  of 30 ft, t h e n  

and  

s = Re (4) 

s = 30 x 12 i n .  x 9 x 10 -3  rad  = 3 .24  i n .  (5) 

Thus ,  the  u n i f o r m  c o r e  of the  b l ackbody  r e q u i r e d  would  be 3 .24  in. Th i s  
is the  r e a s o n  fo r  d e s i g n i n g  such  a l a r g e - a p e r t u r e  b lackbody.  

The  e x t e r i o r  of the  b lackbody  was g r o o v e d  in the  f o r m  of a t a p e r e d  
hel ix;  the  g r o o v e s  w e r e  m a d e  5 / 6 4 - i n .  deep .  Into the  g r o o v e s  the  h e a t e r  
w i r e  fo r  c on t ro l l i ng  the t e m p e r a t u r e  of the  b lackbody  was t igh t ly  wrapped ;  
the  t e m p e r a t u r e  of the  b l ackbody  was m o n i t o r e d  v ia  a p l a t i n u m  r e s i s t o r  
m o u n t e d  at the  n a r r o w  end of the  b lackbody  ( see  Fig .  6c). The  l e n g t h  to  
r a d i u s  r a t i o  of the  con ica l  cavi ty  is 

L /R  = 2 0 . 0 / 2 . 7 5  = 7 .28  (6)  

13 
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and the  e m i s s i v i t y  of the b l ack  pa in t  u sed  to coat  the  b l ackbody  is  about  
0 . 9 4 ,  f l a t  o v e r  the  s p e c t r a l  r a n g e  of i n t e r e s t  (2 to 5/~m).  F r o m  the  
c u r v e s  shown in Ref .  5 th i s  would y i e l d  an e f f e c t i v e  b l ackbody  e m i s s i v i t y  
of 0. 999. Also  f r o m  F ig .  8, t a k e n  f r o m  Ref .  2, i t  can  be s e e n  tha t  the  
b l ackbody  has  a v e r y  h igh  e m i s s i v i t y ;  the  cone ang le  2qb c o r r e s p o n d i n g  
to F i g .  8 is  about  16 deg,  and the b l ack  pa in t  i s  s p e c u l a r  wi th  an  e m i s s i -  
v i ty  g r e a t e r  t h a n  the  0 . 9 0  c u r v e  shown in F ig .  8. 

The  a p p a r a t u s  u s e d  to m e a s u r e  the b l ackbody  r a d i a t i o n  u n i f o r m i t y  
a c r o s s  the  a p e r t u r e  i s  shown  in F ig .  9. An o f f - a x i s  p a r a b o l o i d a l  m i r r o r  
was  u s e d  to co l l e c t  r a d i a t i o n  f r o m  the  b l ackbody  ex i t  a p e r t u r e  and to 
focus  the r a d i a t i o n  (chopped at  13 Hz) on a p y r o e l e c t r i c  d e t e c t o r .  The  
d e t e c t o r  was  s c a n n e d  a c r o s s  the  d i a m e t e r  of the c a l i b r a t i o n  b l a c k b o d y  
to d e t e r m i n e  i t s  u n i f o r m i t y  and thus  to d e t e r m i n e  at what  d i s t a n c e s  the 
b l ackbody  could be u sed  wi thout  v i o l a t i n g  the s p a t i a l  r e s o l u t i o n  of the  IR 
c a m e r a .  The  b l ackbody  a long  wi th  the IR c a m e r a  has  been  u sed  on a 
t h e r m a l  v a c u u m  t e s t  d u r i n g  FY75,  and the b l ackbody  i s  a l so  be ing  u s e d  
to c a l i b r a t e  the  IR c a m e r a  for  a e r o h e a t i n g  t e s t s .  

14 
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Figure 8. Apparent emittance results for diffusely, specularly, 
and specularly-diffusely reflecting conical cavities 
(from Ref. 2). 
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4.0 RESULTS 

F o r  IR c a m e r a  app l i ca t i ons  a s s o c i a t e d  wi th  the  AEDC H y p e r v e l o c i t y  
Tunne l  (F) it is  i m p o r t a n t  to know the  e m i t t a n c e  of l exan .  F i g u r e  10a 
shows  the  d i r e c t i o n a l  e m i t t a n c e  of l e x a n  n e a r  n o r m a l  i n c i d e n c e  in the  
w a v e l e n g t h  r a n g e  f r o m  1.3 to 5 .25  ~ m  fo r  t e m p e r a t u r e s  f r o m  85 to 500°F. 
The  e m i t t a n c e  of l e x a n  is  s e e n  to be v e r y  high (~ 0 .96)  and is  s p e c t r a l l y  
f la t  (2 to 5 pm) .  F o r  IR c a m e r a  app l i ca t i ons  t h e s e  a r e  v e r y  d e s i r a b l e  
p r o p e r t i e s .  Also0 the  e m i t t a n c e  is  e s s e n t i a l l y  i n d e p e n d e n t  of t e m p e r a t u r e ,  
wi th  the  e m i t t a n c e  only about 0 .02  l o w e r  at 500°F. Th i s  is  b e c a u s e  at 
500°F l e x a n  is v e r y  n e a r  to i ts  m e l t i n g  e m p e r a t u r e ,  wh ich  is  s l i gh t l y  
above 500°F. At s h o r t  w a v e l e n g t h s  (1 .5  ~m) the  e m i t t a n c e  is s e e n ' t o  
d e c r e a s e  wi th  t e m p e r a t u r e ;  h o w e v e r ,  t h i s  is of no c o n s e q u e n c e  s i n c e  th i s  
is  be low the  u se fu l  w a v e l e n g t h  r a n g e  of the  IR c a m e r a .  It is  a d e s i r a b l e  
p r o p e r t y  to know that  t he  emitta_nce of l e x a n  is cons t an t  wi th  w a v e l e n g t h  
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a. Directional emittance of Lexan as a function of wavelength and temperature 
Figure 10. Directional •mitt•rice of Lexan. 
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.and t e m p e r a t u r e ,  but i t  i s  a l so  i m p o r t a n t  to know if  the  e m i s s i v i t y  wi l l  
change  a f t e r  be ing  exposed  to the  f low. T h i s  is  p a r t i c u l a r l y  t r u e  fo r  
T u n n e l  F a p p l i c a t i o n s  w h e r e  dus t  p a r t i c l e s  in  the  f low f i e ld  can  b e c o m e  
i m b e d d e d  in the  l e x a n  and change  the  e m i t t a n c e  fo r  s u b s e q u e n t  tunne l  
sho t s .  The  r e s u l t s  in  F ig .  10b show tha t  a l though  the  l e x a n  b e c o m e s  
v i s i b l y  d i r t y  a f t e r  a T u n n e l  F f i r i n g  t h e r e  is  only a s l i g h t  (neg l ig ib le )  
d e c r e a s e  in the  s u r f a c e  e m i t t a n c e .  T h i s  aga in  is  a v e r y  d e s i r a b l e  p r o p -  
e r t y  and i m p o r t a n t  to know in d e t e r m i n i n g  t e m p e r a t u r e s  f r o m  Tunne l  F 
l e x a n  m o d e l s .  
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b. Comparison of directional emittance of Lexan before and after 
being subjected to Tunnel F f low field 

Figure 10. Concluded. 
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F i g u r e  11 shows  the  d i r e c t i o n a l  e m i t t a n c e  of R T V - 6 0 ,  wh ic5  was  a l so  
be ing  c o n s i d e r e d  as a s u r f a c e  coa t ing  f o r  a e r o h e a t i n g  a p p l i c a t i o n s .  T h i s  
a p p e a r s  to be  an  u n d e s i r a b l e  m a t e r i a l  f o r  IR c a m e r a  t e m p e r a t u r e  m e a -  
s u r e m e n t  s i n c e  the  e m i t t a n c e  is  not s p e c t r a l l y  f l a t .  A l so ,  the  e m i t t a n c e  
is  e s s e n t i a l l y  i n d e p e n d e n t  of t e m p e r a t u r e  f r o m  81 to 350°F,  but at  500°F 
t h e r e  is a s l igh t  change  in  the  e m i t t a n c e  at  about  2 .75  ~ m .  Th i s  m a t e r i a l  
(RTV-60)  m a y  s t i l l  be u s e d  wi th  the  IR c a m e r a ,  but ff the  c a m e r a  is 
c a l i b r a t e d  wi th  a b l ackbody ,  t h e n  the  s t r o n g  v a r i a t i o n  of e m i t t a n c e  as a 
f u n c t i o n  of w a v e l e n g t h  m u s t  be t a k e n  into  a c c o u n t  w h e n  one t r y s  to d e t e r -  
m i n e  t e m p e r a t u r e .  

An a d h e s i v e  w h i c h  is  s o m e t i m e s  u s e d  in t h e r m a l  v a c u u m  a p p l i c a t i o n s  
is  R T V - 7 3 2 .  The  d i r e c t i o n a l  e m i t t a n c e  f o r  R T V - 7 3 2  is shown  in F ig .  12. 
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Figure 11. Directional emittance of RTV-60 as a function of 
wavelength and temperature. 

55 

18 



AE DC-TR-76-11 

Since  t h e r m a l  v a c u u m  app l i ca t i ons  only e n c o u n t e r  t e m p e r a t u r e s  up to 
about  200°F ,  the  t e m p e r a t u r e  r a n g e  was l i m i t e d  to 75 to 200°F .  The  
RTV-732  was found to have  no d e p e n d e n c e  upon t e m p e r a t u r e  and was  
found to have  a s t r o n g  d e p e n d e n c e  upon wave l eng th .  

In an e f fo r t  to f ind a b lack  paint  fo r  h igh  t e m p e r a t u r e  a p p l i c a t i o n s ,  the  
s p e c t r u m  of R u s t - O l e u m  4279 Black  was m e a s u r e d .  The  r e s u l t s  in Fig .  
13 show that  th is  b lack  paint  has  s e v e r a l  d e s i r a b l e  c h a r a c t e r i s t i c s .  It 
i s  s e e n  to have  a h igh  d i r e c t i o n a l  e m i t t a n c e  (~0 .94 ) ,  is s p e c t r a l l y  v e r y  
f la t  ( e s s e n t i a l l y  cons t an t  wi th  wave leng th ) ,  and shows  no d e p e n d e n c e  upon 
t e m p e r a t u r e  in the  85 to 500°F r a n g e .  T h i s  m e a n s  that  th i s  paint  would  
be e x c e l l e n t  fo r  u se  in  coa t ing  the  i n s i d e  of the  c a l i b r a t i o n  Mackbody  and 
would  a l so  be a good cho ice  to use  fo r  pa in t ing  t unne l  m o d e l s .  
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Figure 12. Directional emittance of RTV-732 as a function of 
wavelength and temperature. 
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It shou ld  be no t ed  fo r  al l  the da ta  shown in  F igs .  10 t h r o u g h  13 tha t  
no d e p e n d e n c e  of d i r e c t i o n a l  e m i t t a n c e  upon v iew ang le  was  found.  F o r  
e a c h  case  the  view angle  was  v a r i e d  f r o m  n e a r - n o r m a l  to 30 deg;  th i s  is  
the  usua l  an g u l a r  r a n g e  fo r  m e a s u r i n g  f lux wi th  the  IR c a m e r a .  The  
a n g u l a r  da ta  w e r e  co inc iden t  wi th  the  10-deg  view angle  da ta  and h e n c e  
wi l l  not  be shown.  

Also  shown in th is  r e p o r t  a r e  the  r e f l e c t a n c e  da ta  ob ta ined  wi th  the  
i n f r a r e d  i n t e g r a t i n g  s p h e r e  fo r  the  Nava l  R e s e a r c h  L a b o r a t o r y  (NRL) 
s a m p l e s .  Shown in F ig s .  14 and 15 a r e  the  h e m i s p h e r i c a l - d i r e c t i o n a l  
r e f l e c t a n c e s  of h igh  ~ and low ~ coppe r  b lack .  T h e s e  f i g u r e s  show tha t  
the  i n f r a r e d  i n t e g r a t i n g  s p h e r e  can  be u s e d  to  r e c o r d  da ta  f r o m  0 .50  to 
5 .75  pro. 
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W h e n e v e r  a b l ackbody  is u s e d  to c a l i b r a t e  a d e t e c t o r  t h e r e  is a lways  
a q u e s t i o n  about the  u n i f o r m i t y  of the  e m i t t e d  r a d i a t i o n  a c r o s s  the  a p e r -  
t u r e  of the  b lackbody .  To f u r t h e r  e s t a b l i s h  the  qual i ty  of the  c a l i b r a t i o n  
b lackbody ,  an i n t e n s i t y  s c a n  was m a d e  a c r o s s  the  d i a m e t e r  of the  c a l i -  
b r a t i o n  s o u r c e .  As d i s c u s s e d  e a r l i e r ,  the  e m i t t e d  r a d i a t i o n  was  m e a s u r e d  
wi th  a p y r o e l e c t r i c  d e t e c t o r ,  and the  a p p a r a t u s  u s e d  fo r  m a k i n g  the  s c a n s  
is  shown  in Fig.  9. The  r e s u l t s  fo r  two s c a n s  a r e  shown  in F i g s .  16 and 
17 fo r  b l ackbody  t e m p e r a t u r e s  of 120 and 210°F, r e s p e c t i v e l y .  S ince  the  
d e s i g n  c u r v e s  y i e ld  a t h e o r e t i c a l  e m i t t a n c e  of 0 .999  fo r  th i s  b lackbody ,  
t h e n  F igs .  16 and 17 m a y  be c o n s i d e r e d  as a d i r e c t i o n a l  e m i t t a n c e  d i s t r i -  
bu t ion  at n o r m a l  i n c i d e n c e  a c r o s s  the  b lackbody .  Actua l ly ,  F i g s .  16 and 
17 w e r e  ob ta ined  by n o r m a l i z i n g  by the l a r g e s t  d e t e c t o r  output.  The  
d i s t r i b u t i o n s  show that  the  b lackbody  does  have  a l a r g e ,  f la t  c o r e  and a l so  
ilas a v e r y  h igh  e m i t t a n c e  (>0.95) a c r o s s  m o s t  of i t s  d i a m e t e r .  

Th i s  b lackbody  has  b e e n  u s e d  s u c c e s s f u l l y  in c a l i b r a t i n g  the  IR 
c a m e r a  be low 250°F and has  b e e n  u s e d  in con junc t i on  wi th  both a e r o h e a t i n g  
t e s t s  and t h e r m a l  v a c u u m  t e s t s .  
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5.0  S U M M A R Y  A N D  C O N C L U S I O N S  

An i n f r a r e d  i n t e g r a t i n g  s p h e r e  r e f l e c t o m e t e r  has  b e e n  a s s e m b l e d  fo r  
m e a s u r i n g  the  r a d i a t i v e  p r o p e r t i e s  ( s p e c t r a l - d i r e c t i o n a l  e m i t t a n c e )  of 
s u r f a c e s  the  t e m p e r a t u r e s  of wh ich  a r e  to be m o n i t o r e d  or  m e a s u r e d  
r e m o t e l y  t h r o u g h  use  of the  IR s c a n n i n g  c a m e r a .  The  r e f l e c t o m e t e r  is 
ava i l ab l e  to be u s e d  to m e a s u r e  the  s p e c t r a l - d i r e c t i o n a l  e m i t t a n c e  fo r  
o t h e r  p u r p o s e s  at AEDC. The  r e f l e c t o m e t e r  is o p e r a t i o n a l  in the  w a v e -  
l e n g t h  r a n g e  f r o m  0 .50  to 5 .5  pro. The  t e m p e r a t u r e  r a n g e  of the  s a m p l e s  
m e a s u r e d  in th i s  r e p o r t  was  a m b i e n t  < T < 5000F; h o w e v e r ,  t e m p e r a t u r e s  

m 

m u c h  h i g h e r  than  500°F a r e  a l so  p o s s i b l e .  The  v iew angle  r a n g e  of the  
r e f l e c t o m e t e r  is  0 < e < 60 deg;  but m e a s u r e m e n t s  w e r e  m a d e  only fo r  
0 < e < 30 deg.  T-he s ~ n p l e s  m e a s u r e d  in th is  r e p o r t  w e r e  l e x a n  (be fo re  
and a f t e r  e x p o s u r e  to the  Tunne l  F flow f ie ld) ,  R T V - 6 0 ,  RTV-732 ,  R u s t -  
O l e u m  4279 b lack  pain t ,  and coppe r  b lack  (h igh ~ and low ~). 
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In addit ion to the a s s e m b l y  of the i n f r a r e d  r e f l e c t o m e t e r  so that  the 
s p e c t r a l - d i r e c t i o n a l  emi t t ance  could be m e a s u r e d ,  a l a r g e - a p e r t u r e  ca l i -  
b ra t ion  blackbody was des igned and f ab r i ca t ed  fo r  ca l ib ra t ing  the IR 
scanning camera .  The r e f l e c t o m e t e r  is impor t an t  because  the s p e c t r a l -  
d i r ec t iona l  emi t t ance  of a su r face  mus t  be known so that  i ts  su r face  
t e m p e r a t u r e  can be d e t e r m i n e d  f r o m  the IR c a m e r a  ca l ib ra t ion .  Also,  
the r e f l e c t o m e t e r  pe rmi t s  the d e t e r m i n a t i o n  of emi t t ance  changes with 
wavelength,  t e m p e r a t u r e ,  and view angle.  In addit ion,  the r e f l e c t o m e t e r  
is helpful  in choosing a paint or  model  m a t e r i a l  which has d e s i r a b l e  
r ad i a t i ve  p r o p e r t i e s  such as the Rus t -Oleum 4279 black paint.  The ca l i -  
b r a t i on  blackbody is impor t an t  s ince  it p e r m i t s  ca l ib ra t i on  and is the 
ca l ib ra t ion  s t andard  for  the IR camera .  
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