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This paper gives the resuks of an experimental investigation of the 
distribution of the irradiance of some of the most widely used "light" 
infrared sources. Their spectral characteristics are also given. 

"Light" IR sources  a r e  used  in i ndus t r i a l  rad ian t  
d r i e r s .  Some of the p a r a m e t e r s  of these  sou rces  a re  
given in [1-7] .  The ca lcula t ion  and des ign  of d r i e r s  
mus t  provide  for  un i fo rm heat ing of the m a t e r i a l  to be 
dr ied.  Th i s  n e c e s s i t a t e s  an inves t iga t ion  of the d i s t r i -  
bution of the i r r ad i ance  of "light" IR sources .  

I n s t r u m e n t s  with sens i t ive  t h e r m o e l e c t r i c  de tec tors  
of r ad ian t  energy,  such a s t h e  Boiko [2] and TsKTI  
[8] r a d i o m e t e r s ,  the Yanishevski i  b a l a n c e m e t e r  and 
p y r a n o m e t e r  [9], e t c . ,  can be used for  this  purpose.  
We used the m a s s - p r o d u c e d  M-10 b a l a n c e m e t e r  in 
conjunct ion  with a GSA-1 ga lvanomete r  and, in ad-  
di t ion,  a spec ia l  device employing the hea t - f lux  gauge 
des igned at the Inst i tute  of Techn ica l  T h e r m o p h y s i c s ,  
AS UkrSSR [10]. The r ece iv ing  sur face  of the fas t -  
r e sponse  b a l a n e e m e t e r  is nonse lec t ive .  We d e t e r -  
mined the conve r s ion  fac tor  a of the b a l a n c e m e t e r  by 
compar ing  i ts  r ead ings  with those of a s tandard  ac t i -  
nome te r ,  which was ca l ibra ted  in tu rn  agains t  the 
read ings  of a s tandard  i n s t r u m e n t - - a  compensa t ion  
py rhe l iome te r .  The i r r ad i ance  E (W/m 2} was ca l -  
culated f rom the fo rmula  E = na. The conve r s ion  
fac tor  was de t e rmined  f rom the fo rmula  

a = a o  1 + Rg+ Rb] " (1) 

In our  case  a 0 = 12.7 W / m  2 �9 div. The ITT hea t - f lux  
gauge was ca l ib ra ted  agains t  a complete  e m i t t e r  
s tandard.  In the m e a s u r e m e n t  of high i r r a d i a n c e s  
the "cold" junc t ions  of the the rmopi le  of the ba l -  
a n c e m e t e r  and the hea t - f lux  gauge were  heated d u r -  
ing the m e a s u r e m e n t  and this  led to u n d e r e s t i m a t e s  
of the i r r ad iance .  To preven t  this  we used a t h e r m o -  
s ta t  to keep the "cold" junc t ions  of the the rmopi l e  
at a cons tant  t e m p e r a t u r e .  

To r eco rd  the d i s t r ibu t ion  of i r r a d i a n c e  we 
mounted the IR sources  over  a coordinate  grid with 
squares  of the same  size as the r ece iv ing  a r ea  of the 
ba l anceme te r .  The i r r a d i a n c e  va lues  g iven in Figs .  
1 and 2 and in Tab les  1 and 2 a re  the m e a n  va lues  
m e a s u r e d  in four mutua l ly  pe rpend icu l a r  d i r ec t ions  
at the same dis tance  l f rom the axis  of s y m m e t r y  of 
the source.  The r ea son  for this  is that  "light" IR 
sou rces  produce an a s y m m e t r i c  d i s t r ibu t ion  of i t -  
rad iance .  F o r  ins tance ,  for  the same  l and other  
condi t ions  equal,  the i r r a d i a n c e s  were  d i f fe rent  and 

var ied  for  sources  of the ZS type and the VEB fac tory  
( G . D , R . )  type i n t h e  range  -~20% for  h =  0.1 m, and 
• for h -- 0.5 m. F o r  the sou rces  produced by the 
E lp rom factory  (Bulgaria)  the va r i a t i on  was  +10% for  
h = 0.1 m and +5% for h -- 0.5 m. These  f luctuat ions  
can be a t t r ibuted  to the va r i ab l e  shape of the i ncandes -  
cent  e l emen t  and i ts  posi t ion r e l a t i ve  to the re f l ec to r .  
Hence for  these  heights the "light" IR sou rces  cannot  
be r ega rded  as point  sources .  

The r e s u l t s  of the inves t iga t ion  a re  given in Fig. 1 
and in Tab le s  1 and 2. 

An ana lys i s  of the data obtained shows that the i r -  
r a d i a nc e s  produced by the sou rces  were  not d i r ec t ly  
re la ted  to t he i r  power consumption.  The mos t  ef-  
f ic ient  in this  r e s p e c t  were  the ZS sources .  Fo r  in-  
s tance ,  for  a Z S - 2  lamp with l = 0 a n d h  = 0.3 m,  E / P  = 
= 10.6 1 / m  2, and for  the E lp rom lamp (P = 250 W) 
E / P  --- 2.1 1 / m  2. The ra t io  E / P  for  each source  var ied  
in d i f ferent  ways with change in h. F o r  ins tance ,  with 
change of h f rom 0.3 to 0.1 m,  E / P f o r  the ZS-2 lamp 
inc reased  by a fac tor  of 3.6, and for an E lp rom lamp 
with the same power consumpt ion  E / P  inc reased  by 
a fac tor  of 8. Hence,  it is be t t e r  to use E lp rom l amps  
when h is  smal l .  F o r  the same heights  the E lp rom 
l amps  ensured  suff icient  un i fo rmi ty  of i r r ad iance .  F o r  
s i m i l a r  r e a s o n s  ZS l a mps  a r e  be t t e r  for  use  when h is  
large .  We should also men t ion  that  un i form i r r a d i a n c e  
is produced by ZS lamps  for  h >- 0.5 m, and by the 
E lp rom and VEB lamps  for  h >- 0.4 m. This  was ac -  
companied by a cons ide rab le  reduct ion of the i r r a -  
diance.  F o r  ins tance ,  for  ZS lamps  with ! = 0 and h = 
= 0.5 m E was 10-12% of E for l = 0 and h = 0.1 m. 
The co r re spond ing  f igure for the E lp rom and VEB 
l amps  was 3 -7%.  

F igu re  2 shows that  for l = 0 and h = 0.1 m the i t -  
r ad iance  produced by this  source  was one third of 
that  of the ZS-3 lamp for the s ame  l and h, despi te  
the fact  that  the i r  power consumpt ion  was twice as 
great .  When a cy l ind r i ca l  r e f l ec to r  was used with th is  
l amp E was increased  by a factor  of 3 for l = 0 and h =" 
= 0.1 m and by a fac tor  of 7 for  l =  0 and h = 0.7 m. 
The sma l l  s ize of these lamps  me a ns  that g r e a t e r  
un i fo rm i r r a d i a n c e s  can be obtained f rom the same 
a r e a  than in the case  of ZS sources .  

F igu re  1 also shows the r e l a t ionsh ips  E =flU} for  
l = 0 and h = 0.3 m, which a re  l inear .  These  r e l a -  
t ionsh ips  can be convenien t ly  and economica l ly  ap-  
plied in the heat p r o c e s s i n g  of m a t e r i a l s ,  pa r t i cu -  
l a r l y  t h e r m a l l y  uns table  m a t e r i a l s ,  instead of the 
labor ious  opera t ion  of r egu la t ing  the d i s tance  f rom 
the sources  to the ma te r i a l .  
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Fig .  1. Dis t r ibu t ion  of i r r a -  
d iance  E (W/m 2) of IR s o u r c e s  
( a - -ZS-1 ;  b - - Z S - 2 ;  c I Z S - 3 )  
fo r  d i f fe ren t  he ights  h of: 
1) 0.1 m; 2) 0.2; 3) 0.3; 4) 
0.4; 5) 0.5; 6) 0.6; 7) 0 .7 ;and  
8) d i f fe ren t  supply  vo l t ages  

U {volts) for  h = 0.3 m 

5 
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T a b l e  1. D i s t r i b u t i o n  of  I r r a d i a n c e  of  IR Sources  

E �9 i 0  2 , W/m 2 

Source 

Elprom lamp 
(220 V, 375 W) 

Elprom lamp 

(220 V, 250 W) 

VEI3 lamp (220 V, 250 W) 

-z m 

h (m) 

0.I 
0.2 
0.3 
0 4  
0.5 
0.6 
0.7 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 

0.I 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 

0 2.3 

120 
50 
23 

12-6 
8-4 
5.6 
4.0 

40.6 , 
12.6j 
5.3 
2.4 
1.5 
1.3 
0.9 

64.2 
14.5: 
6.0 
3.3 
2.1 
1.4 
1.0 

100 
47.6 
24,3 
12,9 
8,4 
5,6 
4,0 

41.2 
12.8 
6.0 
2.3 

hi9 

~ 1.4 
i.4 
i.O 
~.3 
!.1 
. 3  
, . 0  

7.0 

40.5 
34.2 
20.7 
12.7 
8.6 
5.7 
4.0 

28.0 
13.8 
6.7 
2.3 
1.5 
1,3 
0,9 

28.6 
17.3 
7.6 
3.7 
2.3 
1.5 
1.1 

11.7 16.4 

15,~ ~.4 
14 7.6 121g 7.8 
t0 7.0 
714 $.0 
5.3 4.7 
4. 3.7 

12.7 7.6 
10 7.4 
6:3 5.7 
2.65 2.4 
1 1,6 
1~3 1.4 
0.9 0.9 

I0.0 5.0 
11.4 5.8 
8.5 6.2 
4.5 5.2 
2.8 3.0 
1.8 1.9 
1.3 1.4 

21.0 

4.2 
5,0 
4.7 
4.5 
4.4 
4,0 
3,3 

4.0 
4.4 
4.7 
2.3 
1.6 
1.4 
0_9 

2.9 
2.8 
3.4 
4.0 
3.3 
2.0 
1.6 

25.3 

2,8 
3.8 
3.4 
3.3 
3 4  
3,0 
2.8 

2.5 
2.8 
3,2 
1.8 
1.3 
1,4 
0.9 

2,2 
1.8 
2.3 
2.4 
2.7 
2.3 
1.6 

Tab le  2. I r r ad i ance  of IR Sources  for t = 0 and h = 0.3 m 

Source 

Elprom lamp (220 V, 375 W) 

Elprom Lamp (220 V, 250 W) 

VEB lamp (220 V, 250 W) 

200 

19.7 

3.2 

5.4 

s �9 10 ~, 

180 

16.6 

2.8 

4.3 

W/m z for different U, v 

160 140 

13.2 10.4 

2.2 1.5 

3.4 2.5 

120 

7.5 

1.2 

1.9 
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Fig. 2. Irradianee E (W/m 2) of NIK-~.20 x 1000tr IR lamp 
a) without a ref lector;  b) with a ref lector;  for different 
heights h ot': 1) 0.1 m; 2) 0.2; 3) 0.3; 4) 0.4; 5) 0.5; and 
6) different s u p p l y  voltages U (volts) with ref lector for 

h =0.3 m. 

The  e x p e r i m e n t a l  va lues  of the i r r a d i a n c e  can  be 
r e p r e s e n t e d  a n a l y t i c a l l y  by an e m p i r i c a l  f o r m u l a  of 
the  fo rm 

E = Eo exp [--ble]. (2) 

F o r  ins tance ,  for  a Z8-3  l a m p  with h = 0.3 m,  b = 
= 0.066, c = 1.238, and for  h = 0.5 m,  b = 0.006, c = 
= 1.761. The  i r r a d i a n c e  va lues  ca l cu l a t ed  f rom these  
f o r m u l a s  d i f fe red  f rom the e x p e r i m e n t a l l y  obta ined 
v a l u e s  by •  which is  qui te  s a t i s f a c t o r y ,  s ince  
d e v i a t i o n s  of i r r a d i a n c e  fo r  d i f f e r en t  d i r e c t i o n s  we re  
+20% of the  mean  va lue .  

The  s c i e n t i f i c a l l y  based  hea t  p r o c e s s i n g  of m a -  
t e r i a l s  r e q u i r e s ,  in addi t ion  to un i fo rm i r r a d i a n c e ,  
ma tch ing  of the s p e c t r a l  c h a r a c t e r i s t i c s  of  the  l a m p s  
with the op t i ca l  p r o p e r t i e s  of the  m a t e r i a l s  [11]. We 
obta ined the s p e c t r a l  c h a r a c t e r i s t i c s  of the above 
" l ight"  IR s o u r c e s  on a IKS-12 in s t rumen t .  F o r  the 
nomina l  vo l t ages  the m a x i m u m  of the  e m i s s i o n  was 
at  wavelength  ~, = 1.3#. In th is  c a s e  a p p r o x i m a t e l y  75% 
of  the  i r r a d i a t e d  e n e r g y  lay  in the wave length  r ange  
f rom 1 to 2 ~t. Hence,  the  inves t iga ted  " l ight"  IR 
s o u r c e s  can  be e f f ec t ive ly  used fo r  the hea t  p r o c e s s i n g  
of m a t e r i a l s  which have m a x i m u m  a b s o r p t i o n  in th i s  
wavelength  range .  

NOTATION 

n deno te s  number  of d iv i s i ons  on g a l v a n o m e t e r  
sca le ;  a 0 is  the  c o n v e r s i o n  f ac to r  of b a l a n c e m e t e r  with 
g a l v a n o m e t e r  without e x t e r n a l  b o o s t e r  r e s i s t o r ;  Rb00 
and Rg, Rb a r e  e x t e r n a l  b o o s t e r  r e s i s t o r  and to ta l  
i n t e r n a l  r e s i s t a n c e  of g a l v a n o m e t e r ,  t h e r m o p i l e ,  and 
b a l a n c e m e t e r ;  h is the height  of su spens ion  of sou rce  

ove r  s u r f a c e  of c oo rd ina t e  grid;  p i s  the  p o w e r  con-  
sumpt ion  of source ;  u is  the s o u r c e  suppiy  vol tage;  
b and c a r e  cons tan t s .  
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