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The lamps and r e f l e c t o r s  used f o r  I . R .  S i m u l a t i o n  t e s t s  a t  ESTEC d i d  n o t  
a l l o w  t o  p r e d i c t  t h e  i n t e n s i t y  f o r  t e s t  c o n d i t i o n  w i t h  t h e  d e s i r e d  accuracy. 
T h i s  was due t o :  

o poor r e p r o d u c i b i l i t y  o f  t h e  p o l a r  diagrams 

o unknown c o n t r i b u t i o n  o f  t h e  r a d i a t i o n  i n  t h e  l o n g  wavelength range i n  vacuum 

o i m p e r f e c t i o n  i n  q u a r t z  b u l b  and misa l ignment  o f  t h e  lamp i n  t h e  r e f l e c t o r  

When u s i n g  a lOOOW c o i l e d  s p i r a l  t y p e  q u a r t z  lamp w i t h  a d i f f u s e  r e f l e c t o r  
these s h o r t  comings are  overcome and due t o  t h e  good r e p r o d u c i b i l i t y  an o v e r a l l  
accuracy w i t h i n  -I 2% should be obta ined.  
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1. SCOPE 

considering the ambitious programs both in USA and Western Europe the 
requirements for such tests will be even more stringent in the future. 

- The I.R. simulation (IRSIM) plays a major role in spacecraft testing and 

was 
At ESTEC numerous IRSIM tests were performed, among them the solar pane 

tests of Intelsat V and VI; though these tests were all successfully, there 
often considerable effort required to estimate the intensity of the the 1.R 
lamps with the desired accuracy for the test condition. Since in addition 
"Testing for a permanent presence in Space" requires: 

o long term tests (mainly IRSIM) 
o 
o 

numerous thermal cyclings (also mainly IRSIM) 
high accuracy (Solar Simulation but also IRSIM) 

we felt that some improvement was necessary for IRSIM tests (1). 

Of most concern was a more precise prediction of the intensity for the test 
conditions and as main shortcomings were identified: 

o the polar radiation characteristics of the individual lamps + reflectors 
differ considerably (in order to simplify the computations for the thermal 
analysis nearly identical polar diagrams are desired). 

o intensity distribution measurements under test conditions (that is at low 
I.R. background and under vacuum) are expensive and complicated. Therefore, 
these measurements are performed at ambient and extrapolated for vacuum and 
low I.R. background. 

o for the extrapolation for test conditions, however, a good knowledge of the 
lamp data and lamp parameters is required (the data given by the producer 
are often idealised, in addition not much is known for non-standard use). 

It is purpose of these investigations to find the main characteristics and 
properties o f  the lamps (+ reflectors), their shortcomings and if possible an 
improvement. Measurements were performed on prospective candidates, that is: 

500 W lamp 
500 W lamp with metallic reflector 
500 W lamp with reflecting white str 

1000 W lamp with reflecting white str 
1000 W lamp with diffuse reflector 

1000 w lamp 

2. GENERAL CONSIDERATIONS 

P 

P 

When using a quartz lamp one has to consider for more precise measurements 
not only the filament as radiator but also the quartz bulb, because it is 
getting rather hot. For the condition given here in connection with reflecting 
mirrors this implies - due to the focussing effect of the reflector - that not 
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o n l y  t h e  i n t e n s i t y  b u t  a l s o  t h e  i n t e n s i t y  d i s t r i b u t i o n  and t h e  spectrum might  
change when going f rom ambient t o  vacuum. 

I n  o rder  t o  e s t i m a t e  t h i s  e f f e c t ,  t h e  r e l e v a n t  d a t a  o f  t h e  lamps s h a l l  be 
measured and d e f i n e d  f i r s t  . 

2.1 Energy balance o f  a lamp 

For  steady s t a t e  c o n d i t i o n s  o b v i o u s l y  t h e  f o l l o w i n g  equat ions are  v a l i d :  

t o t a l  energy of lamp (produced i n  f i l a m e n t )  

e m i t t e d  energy o f  f i l a m e n t  d i r e c t l y  t o  ambient ( t h u s  n o t  absorbed b y  
b u l b )  

energy t r a n s f e r r e d  f rom f i l a m e n t  t o  b u l b  b y  convec t ion  

energy o f  f i l a m e n t  absorbed b y  b u l b  ( b u l b  i s  i n  t h e  l o n g  wavelength 
range opaque) 

ambient temperature ( 300°K) 

temperatures o f  f i l a m e n t  and b u l b  

c o n d u c t i v i t y  f a c t o r  f o r  heat  t r a n s f e r  f i l a m e n t - b u l b  ( W / " K )  

c o n d u c t i v i t y  f a c t o r  f o r  heat  t r a n s f e r  bulb-ambient ( W / " K )  

e f f e c t i v e  sur faces o f  f i l a m e n t  and b u l b  

emi t tance o f  f i 1 ament, b u l b  

absorptance o f  f i l a m e n t ,  b u l b  

S te fan  Boltzmann constant  5.66860 [w/cm2. O K 4 ]  ' V, A - i n d i c a t e s  t h e  o p e r a t i o n  o f  t h e  lamp under vacuum o r  ambient. 
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The f i r s t  equat ion  means t h a t  t h e  energy of t h e  f i l a m e n t  i s  e m i t t e d  t o  
ambient and a p a r t  a l s o  t r a n s f e r r e d  t o  t h e  b u l b  bo th  b y  convec t ion  and 
absorbed r a d i a t i o n .  

The second equat ion  cons iders  t h a t  t h e  t o t a l  i n t e s i t y  i s  t r a n s m i t t e d  t o  
ambient b y  t h e  f i l a m e n t  r a d i a t i o n  ( f i r s t  term),  b y  t h e  b u l b  r a d i a t i o n  
(second te rm)  and t h e  energy t r a n s f e r r e d  t o  t h e  ambient atmosphere b y  
convec t ion  ( t h i r d  t e r m ) -  which i s  of course zero when o p e r a t i n g  t h e  lamp 
under vacuum. 

The t h i r d  equat ion  g i v e s  t h e  energy balance o f  t h e  bulb,  t h e  l e f t  hand s i d e  
represents  t h e  energy i n p u t  f rom f i l a m e n t  ( b o t h  b y  t h e  f i l a m e n t  r a d i a t i o n  
and b y  c o n v e c t i v e  heat  t r a n s f e r  f i l a m e n t - b u l b  b y  t h e  gas i n  t h e  lamp) and 
t h e  terms on t h e  r i g h t  hand s i d e  express where t h e  energy i s  go ing t o  (back 
r a d i a t i o n  t o  f i l a m e n t ,  r a d i a t i o n  t o  ambient and heat  t r a n s f e r  t o  ambient b y  
convec t ion) .  

When these f a c t o r s  a re  known t h e  behaviour o f  t h e  lamps may be es t imated  
a l s o  f o r  non s tandard c o n d i t i o n s .  

2.2 l O O O W  lamp 

The lOOOW lamp was recommended as s p e c t r a l  r a d i a t i o n  s tandard due t o  i t s  
h i g h  s t a b i l i t y ,  h i g h  c o l o u r  temperature and ease of h a n d l i n g  (2 ) .  F i r s t  q u a r t z  
i o d i n e  lamps were produced which showed w i t h i n  t h e  s p e c t r a l  range (0.25 - 2 . 5 p )  
a smooth curve; t h e  q u a r t z  halogene (bromium) lamps show a t  h i g h  r e s o l u t i o n  
smal l  peaks a t  308, 309, 393, 395, 586, 587 and 668 nm which, however, may be 
c o m p l e t e l y  neg lec ted  f o r  thermal  r a d i a t i o n  measurements. The spectrum agrees 
w i t h  t h a t  o f  a b l a c k  body w i t h i n  t h e  measuring accuracy (+ 3%). 

The f i l a m e n t  i s  a c o i l e d  s p i r a l  ( a l s o  named c o i l e d  c o i l )  o f  tungsten w i r e  
(N 0.3mm p) ;  t h e  p i r a l  i s  r~ 1.3mm p and r o l e d  up t o  11 c o i l s  o f  5. mm o u t e r  p. 
Cons ider ing  t h e  gap between t h e  windings o f  t he  s p i r a l  one w i l l  f i n d  f o r  t he  
tungs ten  w i r e  a l e n g t h  of,,, 1.0m ( l e n g t h  o f  t h e  s p i r a l w  160mm w i t h  N 260 
windings o f  N 1 . 3 m  pl). The t o t a l  s u r f a c e  o f  t h i s  w i r e  i s  IV 9cm2. 

For  t h e  o v e r a l l  emi t tance f o l l o w s  then w i th :  

I = lOOOW = E.F.6*T4 

where F = 9 cm2 
T = 3200 O K .  

f o r  6 = 0.19. 
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This  value i s  lower than given f o r  tungsten ( f i g .  1) a t  t h i s  temperature, 
which i s  - o f  course - due t o  the  blockage o f  t he  e m i t t i n g  surface. When, 
however, approximating t h e  e m i t t i n g  f i l amen t  b 

which i s  h igher  than given and can be a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  sur face i s  
rough and no longer smooth f o r  t h i s  approximation (3 ) .  

The bulb has a sur face o f  18.8cm2 (1.5cm $4 x 3.9cm length,  approximated by a 
c y l i n d e r )  and absorbs the  l i g h t  beyondw 4 

e l im ina te  the  r a d i a t i o n  o f  the  bu lb  i t s e l f  (see however annex) (4 ) .  

a c y l i n d e r  o f  0.5cm pr and 2.3cm 
length  ( g i v i n g  an e m i t t i n g  sur face o f  -3.6cm 3 ) one w i l l  f i n d  f o r &  = 0,467 

A> -.5) 1 ,5 /u (F ig .  2 ) .  Measurements w i t  P and w i thout  quar tz  p l a t e  should 
w i t h  a t r a n s i e n t  range o f  

E 

T 
1 .O 

0.8 

0.6 

0.4 

u.2 

tungs ten  and t h e  e f f e c t i v e  
emittarice o f  t h e  qudr t z  lamps 
wheri apiiroximating t h e  filamen 
by a tungsten c y l i n d e r  

Temperature 
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Pig.2: 
ambi ent  temperat;re ( t y p e  
Homosil, Herasil, Imrn t h i c k  ) 

O f  course one has t o  cons ider  f o r  such measurements t h e  s u r f a c e  r e f l e c t i o n  ( 2 x )  
accord ing t o  Maxwell r e l a t i o n :  

( n  r e f r a c t i o n  index here  = 1.45, o r  6,8 %) 

When t h e  r a d i a t i o n  i n t e n s i t y  o f  t h e  b u l b  i s  known one can e s t i m a t e  t h e  b u l b  
temperature c o n s i d e r i n g  t h e  e f f e c t i v e  emi t tance (F ig .  3 ) .  

2.3 500W lamp 

The b u l b  i t s e l f  i s  c y l i n d e r  o f  9 .5m pr and 14cm l o n g  g i v i n g  a s u r f a c e  o f  
4.2cm2. The w i r e  i s  ~ 0 . 2 5 m m  i n  pr and t h e  l e n g t h  o f  t h e  f i l a m e n t  s p i r a l  i s  12cm; 
c o n s i d e r i n g  t h e  windings ( t v 3 8 0 )  t h e  t o t a l  l e n g t h  o f  t h e  w i r e  i s  thus  N l m  and 
t h e  o v e r a l l  s u r f a c e  i s  IV 8cm2. 

When assuming t h e  f i l a m e n t  temperature g iven b y  t h e  producer t o  2500°K i t  
would r e q u i r e  an e f f e c t i v e  emi t tance o f  6 = 0.28 which i t  t o o  h i g h  f o r  t h i s  
c o n f i g u r a t i o n .  

A c t u a l l y  a s i m i l a r  va lue  should apply  as t h a t  found f o r  t h e  lOOOW lamp 
although, t h e  s imp ler  arrangement (s imp le  s t r e t c h e d  s p i r a l  and n o t  a c o i l e d  one) 
w i l l  cause a lower blockage, however t h i s  e f f e c t  should n o t  exceed 10%. It i s  
though t h a t  6 = 0.21 i s  a good va lue  l e a d i n g  t o  a f i l a m e n t  temperature o f  2685°K 
- and t h i s  va lue  w i l l  be used i n  t h i s  r e p o r t .  When approx imat ing t h e  
s p i r a l - f i l a m e n t  b y  a c y l i n d e r  o f  w l m m  pr and 12 cm l e n g t h  t h e  e f f e c t i v e  o v e r a l l  
emi t tance i s  = 0.447. 
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3. ARRANGEMENT FOR MEASURING THE LAMP DATA 

The lamps were investigated for nominal power level (100%) down to 50% power 
level (lower levels than this are considered not realistic). 

In principle it would have been sufficient to perform measurements: 

o 

o 

with and without quartz plate to separate the radiation coming from filament 
and from bulb (see however annex 
under vacuum (or better the ratio ambient-vacuum) to eliminate the 
convective cooling by ambient air. 

). 

In order to reduce the experimental uncertainties and to gain as much 
information as possible, additional runs were performed. Since no CaF2 window 
with high transmittance in the I.R. range ( 7 ~ )  was available, a quartz window 
had to be used. 

The measurements were performed with the following objectives and conditions: 

1. In order to guarantee utmost reproducibility for all measurements constant 
current setting was applied; (simultaneously the voltage was measured for 
additional check). 

2. The total intensity was measured inside the vacuum chamber by means of a 
water cooled Hycal sensor (without window) . 

3. In order to eliminate I.R. absorption by water vapour in natural air also 
measurements were performed at dry GN2 atmosphere. (5, 6). 

4. For rough information about the spectral distribution, the following were 
used: 

o 
o 
o 

A Reeder thermopile was placed close to the quartz window to get an 
indication of scattered light (mainly I.R.). 

a solar cell for the short wave length range (till 1 . 1 ~ )  
a glass plate for the range till 2.7,~. 
a quartz plate for the range till 4 ~ .  

5. 

6. At some distance, where stray light is expected to be negligible a K + Z - 
thermopile was installed for additional indication and cross check. 

7. For studying the filament itself a parabolic mirror was used to focus the 
f i 1 ament image onto Reed thermopi le( s )  . 

The experimental mock up is shown in fig. 4. 
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Fig.4: dxperimerital mock up f o r  t h e  measurements a t  ambient 
arid under vacuum ( e l imina t ing  t h e  coolirig e f f e c t  
of  a i r  and e s t ima t ing  t h e  temperatures  o f  bulb and 
f i l a m e n t  ) .For  asseEsment o f  t h e  abso rp t ion  e f f e c t  o f  
water  vayor - assunling 65 $ r e l a t i v e  humidity - 
a l s o  measurements uiider d r y  GN 2 atmos1here were performed. 

Thermopile ( + z >  I 
( Kipp & Zonen ) 

Water c o o l  i n  g 
Vacuum Chamber 

l e c u l a r  pump 

Two thermopiles  ( Reeder ) 
onto which t h e  f i l amen t  w a s  
focussed ( parabo l i c  m i r r o r  ) ;  
on one w a s  t h e  f i l amen t ,  on the 
o t h e r  t h e  image v i a  r e f l e c t o r  
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4. EVALUATION OF THE MEASUREMENTS 

The measurements a l l ow  t o  c a l c u l a t e  the  unknown fac tors  f o r  the lOOOW and 
the  500W lamp. 

4.1 Heat l o s s  t o  ambient a i r  by convect ion 

under vacuum: 
Obviously the  coo l i ng  e f f e c t  o f  t he  ambient a i r  i s  e l im ina ted  when measuring 

The r a t i o  o f  t h e  ou tpu t  of t h e  lamps as measured w i t h  t h e  Hycal sensor i n  
a i r  and vacuum i s  g iven i n  F ig .  5. Dur ing these measurements i t  was observed 
t h a t  t he  power remained r a t h e r  constant,- the smal l  c o r r e c t i o n  w i l l  be considered 
i n  5 4.2. 

Fig. 5: Ratio 
and under vacuum for t h e  560 w lamp and t h e  1000 w 
l amp;  both lamgs without  r e f l e c t o r .  ( measured wi th  
t h e  Hycal sensor, no  window 

o f  t h e  output  o f  t h e  l amps  obtained a t  ambient 

1 .o 

0.95 

0 .9  

0.85 
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Measurements w i t h  and w i t h o u t  q u a r t z  p l a t e  - as a l r e a d y  mentioned - were 
performed i n  o rder  t o  e l i m i n a t e  t h e  r a d i a t i o n  o f  t h e  b u l b  i t s e l f  f rom which t h e  
b u l b  temperatures are  found when cons ider ing :  

s i g n a l  w i t h  q u a r t z  p l  ate* & f .  F f ' C ' T f  - b*Fb'  G.(Tb4 - Ta4) - - 
s i g n a l  w i t h o u t  q u a r t z  p l a t e  &fFf  ' G'Jf4 

(* c o r r e c t e d  f o r  s u r f a c e  r e f l e c t i o n s )  

The e m i t t e d  and absorbed energy i s  g iven  f o r  d i f f e r e n t  lamp power i n  F i g .  6 
a, b f o r  t h e  500W lamp, and i n  f i g .  7 a, b f o r  t h e  lOOOW lamp. 

3.75 4:o 4,. 25 

3 - 2 5  3.5 3.75 4.0 4.25 

Fig. 6a : 
The emitted and  ab- 

sorbed energy of  it 

quar t z  bulb  (500  w) 
d e c r e a s e s c or11 p a r e  d 

w i t h  t h e  t o t a l  lamp 
output  f o r  h igh  power 
l e v e l  ( a t  ambient ) 

l a m  pcjwer, cur re l l tb - )  E 
Pig.  6b  : 

The emit ted ( and ab-  

sorbed) energy o€ a 
50c1 w lamp i s  50 w a t  
ambient and nominal 
power; t h e  d i f f e r e n c e  
between absorbed and 
emit ted energy i s  due 
t o  convect ive h e a t  
t r a n s f  e r e  f i lament-bulb - 
lamp pclwer, cur ren t la )  
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1 0  Fig .  ?a : 
The pe rcen tage  o f  
emi t t ed  and absorbed 
energy o f  a 1OCO w 
lamp i s  considerably 
lower thari found f o r  
t h e  500 w lamp. 

8 

6 

4 

2 

6 .5  7.0 7.5 8.0 
I 

I 

60 

40 

20 

C I  

lamp power LA J - 
Fig .  7 b  : 
The emi t t ed  arid ab- 

sorbed energy o f  
t h e  1C800 w lamp i s  
only  35 $J r i igher  
t h a n  found f o r  t h e  
5W w lamp. 

lamp power r.1 
___c. 

For s i m p l i c i t y  Ta was not  considered here; i n  worst case i t  w i l l  c o n t r i b u t e  
o n l y  ~ 5 %  o f  t h e  bu lb  r a d i a t i o n  which i s  again on l y  20% o f  t h e  t o t a l  lamp 
r a d i a t i o n ,  hence i t  w i l l  be no t  more than 1%, o f  the  t o t a l  lamp i n t e s i t y ;  f o r  
nominal power and f o r  t he  lOOOW lamp t h e  e r r o r  w i l l  be always n e g l i g i b l e .  

For these data, t h e  bulb temperature Tb f o r  both ambient and vacuum may be 
ca lcu lated;  s ince & b ,  however, a lso  depends on temperature ( f i g .  3 )  an 
i t e r a t i o n  procedure had t o  be app l ied  ( f i g .  8) .  

The c o n d u c t i v i t y  f ac to r  Cba o f  t he  heat f low from bu lb  t o  ambient a i r  reamins 
- as t o  be expected - constant ( f i g .  9). One may assume t h a t  t he  coo l i ng  o f  t he  
bu lb  by  ambient a i r  i s  i n  f i r s t  approximation p ropor t i ona l  t o  the  bu lb  surface, 
and when comparing the  lOOOW lamp and the  500W lamp i t  agrees w i t h i n  f 5% w i t h  
t h e i r  sur face r a t i o .  ( O f  course t h i s  i s  no longer v a l i d  i n  case the  lamps are 
cooled e.g. by  a fan ) .  
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4.2 Heat t r a n s f e r  f rom f i l a m e n t  t o  b u l b  

Since t h e  boundary c o n d i t i o n s  of t h e  lamps a r e  know t h e  i n n e r  parameters may 
be s t u d i e d  here  - r e f e r r i n g  t o  t h e  second equat ion - i n  p a r t i c u l a r :  

o 
o t h e  c o n d u c t i v i t y  cons tan t  Cfb. 
o t h e  back r a d i a t i o n  bu lb - f i lament .  

t h e  absorbed r a d i a t i o n  energy b y  t h e  b u l b  due t o  t h e  opaqueness beyond 4,U. 

The percentage o f  absorbed r a d i a t i o n  b y  t h e  b u l b  i s  i n c r e a s i n g  f o r  lower 
f i l a m e n t  temperatures due t o  t h e  s h i f t  t o  longer  wavelengths. ( F i g .  10).  When 
c o n s i d e r i n g  t h e  back r a d i a t i o n  b u l b - f i l a m e n t  one should know t h e  e f f e c t i v e  
absorptance f o r  t h e  c o n f i g u r a t i o n  g iven ( c o i l e d  s p i r a l )  as f u n c t i o n  o f  t h e  
temperature.  I t  i s  assumed t h a t  t h e  i n  f i r s t  approx imat ion t h e  r a t i o  o f  t h e  
e f f e c t i v e  absorptances a t  t h e  temperatures T i  and T2 i s  t h e  same as t h e  r a t i o  o f  
t h e  absorptances o f  tungsten f o r  t h e  same temperatures, o r :  

- 0~ t u n g s t  (TI) d e f f  (TI) 

d e f f  (T2) CL t u n g s t  (Tz)  

For nominal power (T = 3200°K) bo th  e f f e c t i v e  absorptance ( d = g =  0.467) and 

- 

absorptance o f  tungsten (oL= & = 0,31) i s  given. 

The c o n d u c t i v i t y  cons tan t  f o r  t h e  convec t ive  heat  t r a n s f e r  o f  t h e  gas i n  t h e  
lamp depends on t h e  molecu la r  v e l o c i t y  of t h e  gas, which again depends on t h e  
r o o t  o f  t h e  temperature.  

It i s :  

- v - mean molecu la r  v e l o c i t y  
7 - mean f r e e  pa th  
A - form factor  
sh - s p e c i f i c  heat  
N1 - Avogadro’s Number 
n - d e n s i t y  

Here i s  o n l y T  a f u n c t i o n  o f  temperature (even 7 i s  temperature independent) .  
Hence f o l l o w s :  
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Since Cfb increases w i t h  temperature, i t  compensates p a r t l y  t h e  i n f l u e n c e  o f  
decreas ing temperature d i f f e r e n c e  ( T f i  1- Tbulb) when going f rom ambient t o  
vacuum; i n  a d d i t i o n  t h e  b a c k - r a d i a t i o n  o f  t h e  b u l b  w i l l  i nc rease as w e l l  (T4)  
and t h e  decreas ing e m i s s i v i t y  
case by t h e  i n c r e a s i n g  e f f e c t i v e  absorptance d f = € f .  

o f  q u a r t z  i s  a l s o  p a r t l y  compensated i n  t h i s  

Both e f f e c t s  have t h e  consequence t h a t  t h e  f i l a m e n t  temperature - and hence 
t h e  e l e c t r i c a l  power o f  t h e  lamp when operated on cons tan t  c u r r e n t  s e t t i n g  - 
w i l l  remain n e a r l y  cons tan t  when going f rom ambient t o  vacuum ( d i f f e r e n c e  -1%). 

T h i s  r e s u l t  a l s o  means t h a t  no remarkable i n f l u e n c e  i s  t o  be expected when 
lamps w i t h o u t  r e f l e c t o r  a re  operated i n  a chamber w i t h  warm o r  cooled (LN2) 
shrouds. 

4.3 Discuss ion o f  t h e  r e s u l t s  f o r  nude lamps 

The measurements performed on nude lamps a l l o w  t h e  f o l l o w i n g  conc lus ions :  

o When going f rom ambient t o  vacuum t h e  a d d i t i o n a l  heat  i n p u t  may e a s i l y  be 

o The lamps may be operated n e a r l y  a t  nominal power l e v e l  w i t h  warm o r  cooled 

o 

considered. ( 5  - 10% f o r  t h e  lOOOW lamp and 10 - 17% f o r  t h e  500W lamp). 

(LN2) shrouds a l s o  under vacuum). 
I n  o r d e r  t o  reduce t h e  c o n t r i b u t i o n  o f  t h e  b u l b  r a d i a t i o n  t h e  lamps should 
be operated n e a r l y  a t  nominal power l e v e l  (e.g. i t  i s  b e t t e r  t o  use a few 
lamps a t  h i g h  power than numerous lamps a t  low power). 

5. LAMPS WITH REFLECTOR 

N a t u r a l l y  f o r  I R S I M  t e s t s  t h e  r a d i a t i o n  o f  t h e  lamps t o  t h e  r a r e  s i d e  ( t o  
t h e  shrouds) should be reduced as much as p o s s i b l e  which means a r e f l e c t o r  
should be used. Commercial ly a v a i l a b l e  were two types  o f  lamp + r e f l e c t o r .  

5.1 Lamp w i t h  r e f l e c t i n g  w h i t e  s t r i p  

The lamps w i t h  r e f l e c t i n g  w h i t e  s t r i p  ( a c t u a l l y  a T i 0  c o a t i n g  on t h e  r a r e  
s i d e  o f  t h e  q u a r t z  b u l b )  have t h e  advantage t h a t  lamp and r e f l e c t o r  a re  one 
r a d i a t i o n  u n i t  and thus  s imp ler .  The t ransparancy o f  t h e  r e f l e c t i n g  s t r i p  was 
however s t i l l -  30% and t h a t  was considered t o o  h igh;  these lamps were t h e r e f o r e  
r e j e c t e d  f o r  I R S I M  t e s t .  The p o l a r  diagrams are  shown i n  f i g .  11. 

5.2 Lamp w i t h  m e t a l l i c  r e f l e c t o r  

The lamps prov ided w i t h  a m e t a l l i c  r e f l e c t o r  showed no r a d i a t i o n  t o  t h e  back 
and were t h e r e f o r e  chosen f o r  I R S I M  t e s t s .  Though a l l  t h e  I R S I M  t e s t s  a t  ESTEC 
were performed w i t h  t h i s  t y p e  o f  lamp + r e f l e c t o r  w i t h  good success, t h e r e  i s  a 
disadvantage which cannot be over looked: t h e  p o l a r  r a d i a t i o n  c h a r a c t e r i s t i c s  
d i f f e r  f o r  t h e  i n d i v i d u a l  lamps c o n s i d e r a b l y  (see f i g .  12). 
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5.3 D iscuss ion  o f  t h e  r e s u l t s  o f  t h e  p o l a r  diagrams 

The p o l a r  diagrams o f  bo th  types, show sharp peaks and v a l l e y s  being 
superimposed t o  a more smooth s lope. S ince even nude lamps show o c c a s s i o n a l l y  
these sharp peaks t h e y  are  o b v i o u s l y  due t o  i m p e r f e c t i o n s  o f  t h e  q u a r t z  b u l b  
i t s e l f  ( a c t u a l l y  due t o  bubbles i n  t h e  quar tz ,  a c t i n g  as f o c u s s i n g  o r  
de focuss ing  l e n s ) .  The i r r e g u l a r i t i e s  showing t h e  more smooth s lope are  due t o  
i m p e r f e c t i o n s  o f  t h e  r e f l e c t o r  and/or misal ignment o f  t h e  f i l a m e n t  i n  t h e  
r e f l e c t o r .  I n  o r d e r  t o  overcome these shortcomings one should: 

o use a lamp w i t h  l a r g e r  f i l a m e n t  diameter so t h a t  t h e  peaks are  more spread 
o u t  and fu r thermore  

o use a d i f f u s e  r e f l e c t o r .  

Both requi rements may be met when u s i n g  a lOOOW q u a r t z  lamp ( c o i l e d  s p i r a l  
f i l a m e n t )  w i t h  e.g. MgO c o a t i n g  on t h e  r a r e  s i d e  ( 7 ) .  The lOOOW lamp has i n  
a d d i t i o n  t h e  advantage t h a t  t h e  r a d i a t i o n  o f  t h e  b u l b  i t s e l f  i s  r e l a t i v e l y  low 
i n  comparison w i t h  t h e  f i l a m e n t  i n t e n s i t y .  U n f o r t u n a t e l y  lamps w i t h  coated MgO 
back a r e  d e l i c a t e  t o  handle because t h e  MgO l a y e r  shows poor adherence. Numerous 
attemps w i t h  o t h e r  c o a t i n g s  were performed (8, 9) and t h e  i n v e s t i g a t i o n s  are  
s t i l l  i n  progress,  a t  present,  however, as t h e  most p r a c t i c a l  s o l u t i o n  i s  
cons idered a lOOOW lamp i n  combinat ion w i t h  a smal l  s t a i n l e s s  s t e e l  r e f l e c t o r  
coated w i t h  MgO. 

6. 1OOOW LAMP WITH MgO COATED REFLECTOR 

R e f l e c t o r  + lamp a r e  shown i n  f i g .  13. The r e f l e c t i n g  s u r f a c e  was coated 
w i t h  MgO smoke; s i n c e  here t h e  c o a t i n g  was on an i n n e r  sur face  t h e  poor 
adherence o f  t h e  MgO d i d  n o t  a f f e c t  t h e  h a n d l i n g  s e r i o u s l y .  

6.1 P o l a r  diagrams 

As a l r e a d y  mentioned i t  i s  h i g h l y  d e s i r a b l e  f o r  t h e  a n a l y s i s  t o  have f o r  a l l  
l a m p - r e f l e c t o r  u n i t s  an i d e n t i c a l  p o l a r  diagram. Even f o r  a d i f f u s e  r e f l e c t o r  a 
f a i r  adjustment o f  t h e  lamp i s  necessary i n  o rder  t o  achieve r e p r o d u c i b l e  p o l a r  
diagrams. S ince t h e  p o s i t i o n  o f  t h e  f i lament  i n  t h e  q u a r t z  b u l b  v a r i e s  f r o m  lamp 
t o  lamp each f i l a m e n t  had t o  be p o s i t i o n e d  t o  t h e  c e n t r e  l i n e  o f  t h e  r e f l e c t o r  
i n d i v i d u a l l y  b y  bending s l i g h t l y  t h e  lamp ho lder .  

For  t h e  NOSAT-IRSIM t e s t  20 lamp + r e f l e c t o r  u n i t s  were prepared. For  a 
complete a n a l y s i s  i s  o f  course necessary t o  know t h e  r a d i a t i o n  c h a r a c t e r i s t i c s  
f o r  t h e  hemispher ica l  space. There fore  f o r  each lamp t h e  p o l a r  diagrams were 
measured f o r :  90" ( C  lamp v e r t i c a l ) ,  f o r  t h e  t i l t e d  p o s i t i o n s  75", 60°, 45", 
30°, 15" and f o r  0 "  ( lamp h o r i z o n t a l l y ,  t h e  f i l a m e n t  i s  i n  t h e  measuring 
p l a n e ) .  For  t h e  0"  p o s i t i o n  bo th  t h e  l i g h t  i n t e n s i t y  coming f rom t h e  f i l a m e n t  
and t h a t  coming v i a  t h e  r e f l e c t o r  should f o l l o w  t h e  cos ine  d i s t r i b u t i o n ;  (except  
around 10"  f 4 "  - t h e  i n c l i n a t i o n  angle o f  t h e  s p i r a l s  o f  t h e  f i l a m e n t  - a 
somewhat lower i n t e n s i t y  i s  found because o f  t h e  h i g h e r  blockage e f f e c t  f o r  t h e  
back p a r t  o f  t h e  f i l a m e n t ) .  The r e s u l t  i s  shown i n  f i g .  14. 
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For t h e  90" p o s i t i o n  ( lamp a x i s  perpend icu la r  t o  measuring p l a n e )  o n l y  t h e  l i g h t  
i n t e n s i t y  v i a  t h e  r e f l e c t o r  should obey i n  f i r s t  approx imat ion t h e  cos ine  law; 
t h a t  f rom t h e  f i l a m e n t  d i r e c t l y  should be independant f rom t h e  angle; hence f o r  
t h e  angular  i n t e n s i t y  d i s t r i b u t i o n  one should i n  f i r s t  approx imat ion expect a 
cos ine  superimposed t o  an independent value. For  t h e  t i l t e d  lamp p o s i t i o n s  one 
should o f  course expect  a gradual  change between these two p o l a r  r a d i a t i o n  
diagrams. 

N a t u r a l l y  t h e  t o t a l  li h t  o u t p u t  f o r  t h e  same power s e t t i n g  v a r i e s  f o r  t h e  
i n d i v i d u a l  lamps s l i g h t l y  ? ~ k  1%). I t i s ,  however, easy t o  adapt t h e  lamp power 
f o r  each lamp such t h a t  t h e  same maximum i n t e n s i t y  - p e r p e n d i c u l a r  t o  lamp + 
r e f l e c t o r  - i s  achieved and t o  normal ise  i n  t h i s  way t h e  p o l a r  diagrams. T h i s  
was done f o r  these lamps; t h e  lamp c u r r e n t  v a r i e d  between 7.78 and 7.95 A. The 
s c a t t e r  f o r  t h e  i n d i v i d u a l  lamps i s  i n d i c a t e d .  

6.2 I .R .  c o n t r i b u t i o n  when going f rom ambient t o  vacuum 

lamp a r r a y  a t  ambient and t o  e x t r a p o l a t e  o r  c a l c u l a t e  t h e  i n t e n s i t y  f o r  vacuum 
c o n d i t i o n s .  Prev ious measurement on t h e  500W lamp showed f o r  t h e  i n t e n s i t y  
ob ta ined a t  ambient and under vacuum t h e  r a t i o  0.9 f o r  nominal power l e v e l  which 
decreased w i t h  decreas ing power l e v e l  and f o r  50% power l e v e l  0.84 was found; 
f o r  t h e  lamps w i t h  m e t a l l i c  r e f l e c t o r  approx imate ly  t h e  same r a t i o  was found. 
There fore  a l s o  f o r  t h e  lOOOW lamp w i t h  r e f l e c t o r  a s i m i l a r  r a t i o  i s  expected as 
found f o r  t h e  nude lamps ( f i g .  15).  That a c t u a l l y  a s l i g h t l y  h i g h e r  e f f e c t  was 
found i s  p o s s i b l y  due t o  t h e  d i f f u s e  r e f l e c t o r .  I r r e s p e c t i v e ,  however, t h e  
c o o l i n g  e f f e c t  i s  a l s o  here  o n l y  h a l v e  t h e  va lue  found f o r  t h e  500W lamp + 
r e f l e c t o r .  

As a l r e a d y  mentioned i t  i s  common p r a c t i c e  t o  measure t h e  i n t e n s i t y  o f  a 

The temperature o f  t h e  r e f l e c t o r  i t s e l f  was measured (see f i g .  16)  and f o r  
nominal power o n l y  270°C were measured; no problems are  a n t i c i p a t e d  concern ing 
heat  i n p u t  on to  uncooled shrouds and s t r u c t u r e  when c a l i b r a t i n g  t h e  lamp a r r a y  
a t  ambient. 

6.3 Exper ience on lOOOW lamp + r e f l e c t o r  

As descr ibed i n  34.3 t h e  vacuum has l i t t l e  e f f e c t  on t h e  f i l a m e n t  
temperature.  The r e f l e c t o r ,  however, b l o c k s  o f f  n e a r l y  h a l v e  t h e  r a d i a t i o n ,  
hence a s t r o n g e r  i n f l u e n c e  i s  t o  be expected. S ince f o r  t h e  lOOOW lamp b u l b  and 
s p e c i a l l y  t h e  f i l a m e n t  temperatures are  c o n s i d e r a b l y  h i g h e r  than found f o r  t h e  
500W lamp t h e  r e l i a b i l i t y  had t o  be checked. Several  lamps were t e s t e d  f o r  
r\r 400 h a t  nominal power - and o c c a s i o n a l l y  even a few percent  h igher .  A l l  
lamps surv ived,  o n l y  on one lamp t h e  f i l a m e n t  sunk s l i g h t l y  down w i t h  t h e  
consequence t h a t  due t o  t h e  dense f i l a m e n t  s p i r a l s  t h e  q u a r t z  b u l b  reached t h e  
s o f t e n i n g  temperature on t h e  r e f l e c t o r  s i d e  and formed a smal l  bubble. Long te rm 
t e s t s  a r e  n o t  y e t  performed a t  reduced power l e v e l ;  however a t  9a power t h e  
f i l a m e n t  temperature would be reduced b y  b T = N 85°K and a t  80% even b y  180°K 
so one may conclude t h a t  l o n g  t e s t  p e r i o d s  may be performed i n  case t h e  lamp 
power i s  r e s t r i c t e d  t o w 8 0 %  of nominal power. 
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Pig. 1 5 :  i i a t i o  o f  t h e  output  o f  a lob0  w lamp 
and a 506 w lamp w i t h  r e f l e c t o r  
obtained a t  ambient and under vacuum 

0.9 

+ -  

Pig.  1 6 :  Temperature o f  t h e  MgO coated 
r e f l e c t o r  of  a 1000 w lamp as  
f u n c t i o n  o f  lamp go.ver 

1 lamp power 
0 7 . 5  9.0 [ A 1  __IC. 
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The reflectors survived the test as well though here by protective coating 
with a noble metal improvements are feasible. 

7. DISCUSSION AND EXPECTED ACCURACY OF THE 1OOOW LAMP + MgO REFLECTOR 

Previous investigations showed that a good solution is obtained for the lamp 
array given in fig. 17 and when the mutual distance of the lamps is 
approximately the same as to the test plane. In the following for this 
configuration reproducibility, intensity distribution and accuracy shall be 
discussed. (10). 

7.1 Reproduci bi 1 i ty 

Referring to the polar diagrams and the scatter in intensity given in 
fig. 14 the achievable reproducibility was calculated for the central point 
(perpendicular to the central lamp); it i s  assumed that this represents the 
reproducibility of the whole lamp array. The calculated contribution to the 
total intensity o f  the individual array parts (central lamp, 1. lamp square, 2. 
lamp square, 3. lamp square) is shown in fig. 18, and for the overall 
reproducibility follows 0.5%. Not incluced is here a geometrical misalignment of 
the lamps; irrespective, however, it is considered that an overall 
reproducibility of within t 0.5% should be achieved. 

7.2 Intensity distribution 

In figs 19, 20 the calculated intensity distribution for the Y-axis is given 
for the distance to the test plane 30, 50, 70 and 90cm; the mutual distance of 
the lamps was always 70cm. It demonstrates that also for this polar diagram for 
~70cm distance ( W  same distance of the lamps) an optimum i s  achieved; larger 
distances cause mainly a sharper fall off towards the corner. The intensity drop 
between the lamps is only f 2%. 

7.3 ExDected accuracv of the intensitv for test conditions 

When calibrating a lamp array at ambient and extrapolating for vacuum the 
following uncertainties and corrections are to be considered; for lamp power was 
assumed 75% of nominal power (N 7.5 A). 

1. Accuracy of primary standard fluxmeter : f 1% 
2. Reproducibility of lamp array : 0.5% 
3. Contribution of bulb when going into vacuum 

5. 

(no longer air cooling) + 7% : 2 0.2% 
4. I.R. absorption by water vapour + 1% : t 0.2% 

(in case lamps are operated at constant current) + 2% : 2 0.2% 
Correction for higher filament temperature under vacuum 

The overall accuracy is still within t 1.5%. 
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F i g .  17:  

t h e  c e n t r a l  p o i n t  ( o p p o s i t e  

c e n t r a l  l a m p ) .  

l amp r i n g s .  
T h e  c a l c u l a t e d  scatter of  

C o n t r i b u t i o n  of t h e  i n d i v i d u a l  

. 
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Lamp a r r a y  . . . _ .  . . .  L - . . . - I D  I 1st lamp r i n g  

of 49 l a m p s  1 

2nd lamp r i n g  schema t i c . 
! 3 r d  lamp r i n g  

.... o... 

. -  
I 1 + i .... . .... 

\ !  2nd lamp r i n g  
t ,  
I 3 r d  l a m p  r i n g  t 

.l , L  t *  
D O  0 

1 0 .  

I 
I 

1 -  .... -. ... - ..- .... - i  I 
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Pig. 1 9  : I n t m s i t y  d i s t r i b u t i b n  along t h e  
Y - d x i s  o f  t h e  ld~ i ip  arrq /;iveri i n  
f i g .  1 7  for t h e  d i s t a n c e s  t o  t h e  
t e s t  ;;lane 30, 5C, and 70 ctri. 

1 1 
0'. 5 1 .'o diatancG t o  c e t r e  2 
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Fig. 20: I n t e n s i t y  d i s t r i b u t i o n  

1 

for t h e  d i s t a n c e s  t o  t h e  I 
t e s t  idane  70 and 9C cm 
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0.5  1.0  d i s t a n c e  t o  c e n t r e  2.0 m 
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ANNEX 

The absorption of the quartz bulb of a lamp was measured by means of a 
monochromator. One lamp lOOOW was placed before the entrance s l i t  of the 
monochromator (filament off a x i s )  and the l ight of a second lOOOW lamp was 
focussed onto  the monochromator s l i t ,  passing the bulb (only) of the f i r s t  
lamp. The quartz was heated up by operating th i s  f i r s t  lamp a t  the power level 
concerned, and the r a t i o  to  the transmittance a t  ambient (no lamp power) is 
measured. 
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____p wave l e n g t h  

: Transmission o f  qua r t z  around t h e  cu t  o f f  range 
(3+5/u-' a t  anlbieilt ar id  a t  t h e  ope ra t iona l  tempera- 
t u r e s  of the quar t z  l a m p  ( I O U 0  w L a p  ) oL>eratcd a t  

8.30; 7 .0 ;  aild 6 .0  &ip. The su r face  r e f l e c t i o n  i s  n o t  
considered.  
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