
D E T E 1 R M I N A T I O N  OF T H E  A N G U L A R  I 1 R R A D I A T I O N  
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A procedure  is desc r ibed  by which the method of optical simulation for determining the angu- 
lar  i rradiat ion coefficients in the active zone of var ious heat- radiat ion d rye r s  can be eval-  
uated. 

For  a r igorous design of thermal  drying apparatus operat ing on the principle of radiative heat t rans -  
fer,  it is neces sa ry  to know the angular i rradiat ion coefficients of a given sys tem compris ing  the infrared 
source  and the dried (heat cured) object. Various known analytic formulas  a re  used nowadays for calculat-  
ing the angular coefficients q~ when the interrelat ions between t r ansmi t t e r  surfaces  and rece ive r  bodies are 
relat ively sLmple [1-3]. In the case of actual complex sys tems,  however, simulation methods are effec- 
tive and most  p re fe r red  among them is the method of optical simulation. 

The theoret ical  principles underlying the optical simulation of radiative heat t r ans fe r  have been ex- 
plained in [4]. 

V.  N. Adrianov has developed a method of optical simulation by which the angular i rradiat ion coef-  
ficients can be determined in ra ther  complex sys tems,  where the bodies involved have a rb i t r a ry  shapes 
while the space separat ing them is filled with a radiation attenuating medium [5]. This method has been 
fur ther  extended in [6]. 

Here the authors show resul ts  of simulating radiative heat t ransfer  in cer tain heat -drying spatial con- 
f igurations which represen t  the heat- radia t ion ovens developed at the Institute of Heat and Mass Transfer ,  
Academyof  Sciences o f theBe lo rus s i an  SSR, w h e r e t h e m e d i u m m a y ,  within acceptable aceuraey l imi t s ,  b e c o n -  
sidered diathermal .  The co r r ec t  theoret ical  approach to the design of these and s imi lar  devices leads to 
problems which do not admit a prac t ica l  analytical solution. The fact is that the conveyor  belt in such an 
apparatus c a r r i e s  ar t ic les  for drying (heat curing) along with other  apparatus components,  i . e . ,  it has a 
cel lular  s t ruc ture  with a widely varying fill factor  )~ of a cer tain nominal i rradiated surface F i (this t e rm 
will be explained later). 

The simulation method was applied to horizontal  (Fig. la) and ver t ical  (Fig. lb, c )conveyors  for d ry -  
tng and cur ing coatings on small  production ar t ic les .  In the horizontal  apparatus, tubular infrared sources  
were  arranged above the conveyor  symmet r i ca l ly  with respec t  to the longitudinal conveyor  axis (l t >_ 6). 

Some part  of the radiant flux passes  through the conveyor,  is reflected f rom a screen underneath, 
and s tr ikes  the plane of the conveyor  f rom below. In this way, the plane in which the ar t ic les  for drying 
are located on the conveyor  is i r radiated not only f rom the a r r ay  of sources  di rect ly  (direction 13) but also 
f rom the lower re f lec tor  (direction 43). The art icles  are held [n place on the conveyor by means of special 
f r ames  (Fig. 3b). In the ver t ica l  oven the ar t ic les  are  suspended on solid hangers 3 and are i rradiated 
only f rom the hemispher ica l  luminatre above. The walls 2 of these drying ovens are  made of polished 
duraluminum. At some distance f rom the walls are placed tubular light or  dark infrared radia tors  1. 

The apparatus for optical simulation has the shape of a rectangular  parallelepiped. On its housing is 
mounted a coordinator  which ca r r i e s  the photo set, capable of displacing (A = :~0.25 ram) and locating the 
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F i g .  1. S c h e m a t i c  d i a g r a m  of d r y i n g - o v e n  m o d e l s :  a) 
h o r i z o n t a l  oven [1) r a d i a t o r s ;  2) u p p e r  r e f l e c t o r ;  3) con -  
v e y o r ;  4) l o w e r  r e f l e c t o r ] ;  b) v e r t i c a l  oven with  a s y m -  
m e t r i c a l  a r r a y  of t u b u l a r  r a d i a t o r s ;  e) v e r t i c a l  oven wi th  
a s t a g g e r e d  a r r a y  of t u b u l a r  r a d i a t o r s  [1) r a d i a t o r s ;  2) 
r e f l e c t i n g  w a l l s ;  3) s u s p e n s i o n  r ig ] .  

l a t t e r  a long  the t h r e e  s p a t i a l  a x e s .  In s ide  the hous ing  a r e  i n s t a l l e d  m o d e l s  of the  t e s t  overt and of l;he c e l -  
l u l a r  s u r f a c e  wi th  p r o d u c t i o n  a r t i c l e s  and o t h e r  s t r u c t u r a l  c o m p o n e n t s ,  b a s e d  on the c r i t e r i a  of g e o m e t r i c -  
al  and o p t i c a l  s i m i l a r i t y .  D i m e n s i o n s  h and q a r e  taken  as  the c h a r a c t e r i s t i c  ones  fo r  d e s i g n i n g  the m o d e l s  
of a h o r i z o n t a l  and a v e r t i c a l  h e a t - r a d i a t i o n  d r y i n g  oven.  An a n a l y s i s  of t e s t  d a t a  has  made  it p o s s i b l e  to 
e s t a b l i s h  the o p t i m a l  d i m e n s i o n s :  h = 150 m m  and q --: 420 m m .  

T u b u l a r  i n f r a r e d  r a d i a t o r s  a r e  s i m u l a t e d  by  s p e c i a l  g a s - t i t l e d  g l o w - d i s c h a r g e  m i e r o t a m p s  ( l i d  > 60) 
wi th  a p o s i t i v e  c o l u m n  and an ac t i ve  r eg ion ,  5 m m  ins ide  d i a m e t e r .  T h i s ,  tn c o m b i n a t i o n  wi th  a thin l a y e r  
of dul l  whi te  pa in t  c o a t i n g  on the o u t s i d e  a c t i v e  s u r f a c e ,  y i e l d s  a c l o s e  a p p r o x i m a t i o n  of a L a m b e r t t a n  s u r -  
f ace .  In o r d e r  to a c h i e v e  a c o n s t a n t  r a d i a t i o n  d e n s i t y  o v e r  the  e n t i r e  l a m p  length  fo r  ou r  t e s t ,  the n e g a -  
t ive  glow and the F a r a d a y  w e r e  c o v e r e d  wi th  du l l  M a c k  pa in t .  The  l a m p s  w e r e  f i l l ed  wi th  neon,  c o n s i d e r -  
ing tha t  the r e f l e e t i v i t y  ( a b s o r p t i v i t y )  in the  o r a n g e - r e d  r a n g e  (neon s p e c t r u m )  and in the n e a r - i n f r a r e d  
r a n g e  is  not  much d i f f e r e n t  f o r  a l l  m e t a l l i c  s u r f a c e s  [9]. F u r t h e r m o r e ,  the  neon s p e c t r u m  p e a k s  at  a 
w a v e l e n g t h  b e t w e e n  600 and 900 n m  which  is c l o s e  to the m a x i m u m - s e n s i t i v i t y  w a v e l e n g t h  fo r  the s i l i c o n  
p h o t o c e l l  u sed  in o u r  t e s t  (F ig .  2a) [81. 

A s p e c i a l  photo  unit  in the f o r m  of a cube wi th  a f l a t  8 • 14 m m  s i l i c o n  p h o t o c e l l  on each  wa l t  w a s  
i n s t a l l e d  fo r  the m e a s u r e m e n t  of l ight  f l uxes .  Each  p h o t o c e l l  had i ts  own se t  of t ends  b r o u g h t  out th rough  
a sw i t ch  to a p h o t o v o l t m e t e r .  In s e r i e s  wi th  the p h o t o c e l l  c i r c u i t s  w e r e  c o n n e c t e d  shun t s  fo r  e a s y  d e t e r -  
ru ina t ion  of the p h o t o c e l l  c u r r e n t s  on the  b a s i s  of known p h o t o c e l l  v o l t a g e s .  The  p h o t o c e l l s  mounted  into 
the e u b i e l e  w a l l s  had s o m e w h a t  d i f f e r e n t  s e n s i t i v i t i e s .  F o r  th i s  r e a s o n ,  c o r r e c t i o n  f a c t o r s  w e r e  e s t a b -  
l i s h e d  fo r  each  a g a i n s t  a s t a n d a r d  p h o t o c e l l .  

We note  that  a v a l u a b l e  p r o p e r t y  of s i l i c on  p h o t o c e l l s  is  t h e i r  p e c u l i a r  s p e c t r a l  s e n s i t i v i t y  c h a r a c -  
t e r i s t i c ,  which  v a r i e s  v e r y  t i t t l e  wi th  the angle  of l ight  i nc idence  unt i l  the t a t t e r  b e c o m e s  ~ _> 70 ~ (Fig.  2a). 

As i s  w e l l  known, the r a d i a t i o n  5e ld  of a f in i t e  c y l i n d e r  c o n s i s t s ,  in the l ong i t ud ina l  s ec t i on ,  of a 
f a m i l y  of e o n f o e a l  h y p e r b o l a s  [6, 10]. F r o m  the end t oward  the c e n t e r  of the  c y l i n d e r  the a s y m p t o t e s  of 
t h e s e  h y p e r b o t a s  tend to b e c o m e  u l t i m a t e l y  p e r p e n d i c u l a r  to the c y l i n d e r  ax i s .  When i r r a d i a t e d  b o d i e s  l ie  
at  s m a l l  d i s t a n c e s  f r o m  such a f in i te  c y l i n d e r ,  one m a y  a s s u m e ,  to the f i r s t  a p p r o x i m a t i o n ,  tha t  the r a y s  
wi th in  the c e n t e r  p o r t i o n  of the c y l i n d r i c a l  r a d i a t o r  a r e  p e r p e n d i c u l a r  to i t s  a x i s .  Wi th  a r a d i a t i o n  f i e ld  
l ike  th i s ,  i t  i s  s i m p l e  to a n a l y t i c a l l y  d e t e r m i n e  the s u r f a c e  i n t e r r e l a t i o n  f o r  a h o r i z o n t a l  c o n v e y o r  wi th  an 
opaque  s u r f a c e .  The  p r o b l e m  b e c o m e s  m o r e  c o m p l i c a t e d  when the c o n v e y o r  s t r u c t u r e  i s  c e l l u l a r ,  [ h a s -  
much as  the c h a r a c t e r  of the [ n t e r e f f e e t  b e t w e e n  s t r u c t u r a l  c o m p o n e n t s  and r a d i a t i o n  s o u r c e s  is  i n d e t e r -  
m i n a t e  then.  in th i s  e a s e  the n e c e s s a r y  da t a  can  be  ob ta ined  b y  o p t i c a l  s i m u l a t i o n .  
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Fig. 2. a) Sensitivity characteristic of a silicon photocell: k~ as a function of the wavelength 
and of the incidence angle c~; 1) c~ -- 0~ 2) 50~ 3) 70~ 4) 80~ 5) 85~ 6) 87 ~ . b) Schematic 
diagram of a total-light-flux measurement: 1) radiator; 2) photocell. 

Thus ,  a s s u m i n g  a s i m p l e  r a d i a t i o n  f i e ld  p a t t e r n  in the m i d d l e  p a r t  of a c y l i n d r i c a l  r a d i a t o r ,  one can  
d e r i v e  an e x p r e s s i o n  fo r  the a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t s  in a s y s t e m  which  c o n s i s t s  of r a d i a t o r s  and a 
s u r f a c e  e l e m e n t  wi th  an i n f i n i t e s i m a l l y  s m a l l  width  A5 along the ax i s  of a h o r i z o n t a l  c o n v e y o r .  It is  a s -  
s u m e d  h e r e  a l so  tha t  the  magn i tude  of the a t t enua t ion  [ a c t o r  k 4 (which wi l l  be  d i s c u s s e d  l a t e r )  can be  d e t e r -  
mined  e x p e r i m e n t a l l y .  C a l c u l a t i o n s  have  shown that  f ou r  c o m p o n e n t s  of the  r a d i a n t  f lux  s t r i k i n g  th i s  s u r -  
f a ce  m u s t  be  taken  into account :  the d i r e c t l y  i nc iden t  f lux as  w e l l  as  the once ,  twice ,  and t h r i c e  r e f l e c t e d  
f l uxes .  The  r a d i a n t  f luxes  a f t e r  m o r e  than t h r e e  r e f l e c t i o n s  need  not  be  c o n s i d e r e d ,  b e c a u s e  t h e i r  e f fec t  
on the a b s o l u t e  va lue  of the a n g u l a r  c o e f f i c i e n t s ,  as  has  been  e x p l a i n e d  a l r e a d y ,  amoun t s  to l e s s  than 0.5%. 
In a l l ,  wi th  the l aws  of g e o m e t r i c a l  op t i c s  taken  we l l  into c o n s i d e r a t i o n ,  we have  the fo l lowing  e x p r e s s i o n :  

2[ ; ; ; A5 dx dx dx 
~ = -2glln h N~2---+- h2 + R (2f + h) N~ ~- R2k~ (3h + 2b + 2]) N 2 

+ ( 2 f  + h) ~ ~ + (3h + 2b + 2]) ~ 
i=1 0 0 0 

I.~ 

+ R~k~ (4f + 3h + 2b) N 2 , (1) 
0 ~ + (4f + 3h + 2b) 2 

w h e r e  N i = ( i - 1 ) s  1 + a - x ;  l l, h, [, b, a,  and s 1 a r e  g e o m e t r i c a l  d i m e n s i o n s  (Fig .  1). 

We note  that ,  a c c o r d i n g  to the s u b s e q u e n t  a n a l y s i s ,  A5 can  be m a d e  equal  to i c m  (Fig .  3a) wi thout  
c a u s i n g  a l a r g e  e r r o r .  

A5 Knowing  the a n g u l a r  c o e f f i c i e n t  r and hav ing  e x p e r i m e n t a l l y  d e t e r m i n e d  the d i s t r i b u t i o n  f(y) of l o -  
ca l  a n g u l a r  c o e f f i c i e n t s  a c r o s s  the c o n v e y o r  width ,  one can  w r i t e  the e x p r e s s i o n  fo r  the m e a n - o v e r - t h e -  
s u r f a c e  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t  at  the r e c e i v e r  as  

13, (2) 
Ab i 

w h e r e  

•p12 

= ~ S [ (o) do, 
--p/2 

(3) 

and p = 5/2l I i s  the  d i m e n s i o n l e s s  c o o r d i n a t e  (Fig .  4a).  

Wi th  a c e l l u l a r  s t r u c t u r e  of the c o n v e y o r  s u r f a c e  ( s m a l l  p a r t s  on the r ig)  t aken  into c o n s i d e r a t i o n ,  
the f inal  e x p r e s s i o n  fo r  the a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t  b e c o m e s  

I3 
n6g 

w h e r e  ~( = F p p / F  0 is  the f i l l  f a c t o r  of the  c o n v e y o r  r i g  wi th  a r t i c l e s ,  F p p  
a l l  a r t i c l e s  on a r ig ,  and F 0 i s  the  s u r f a c e  a r e a  of the c o n v e y o r .  

F o r  d e t e r m i n i n g  the  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t  one m u s t  know the to ta l  l ight  f lux of one l a m p  ,I, t. 
F o r  th i s ,  a p h o t o c e l l  is l o c a t e d  as  shown in F i g .  2b. H e r e  we have  

(4) 

i s  the h o r i z o n t a l  s u r f a c e  a r e a  of 
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Fig .  3. a) V a r i a t i o n  of the l o c a l  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t  a long  
the  c o n v e y o r  wi th  a r i g :  1) s t = 3; 2, 3) 1.6; I, II) t e s t  poin ts ;  [II) 
po in t s  c a l c u l a t e d  a c c o r d i n g  to f o r m u l a  (2). b) l~ig, a m e t a l l i c  f r a m e  
which  ho lds  a r t i c l e s  on the c o n v e y o r .  

I 
Ot = mc p , (5) 

- -  a r c t g -  
1801 2t 

wi th  the p h o t o c e l l  c o n s t a n t  c. 

We no te  that ,  by  a p r e l i m i n a r y  s e l e c t i o n  of i l l u m i n a t i o n  s o u r c e s ,  t e s t s  can  b e  p e r f o r m e d  with  l a m p s  
w h o s e  to ta l  l igh t  f l uxes  do not  d i f f e r  by  m o r e  than • f r o m  the s t a n d a r d .  

F o r  the d e t e r m i n a t i o n  of l o c a l  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t s ,  one of the  p h o t o c e l l s  is  p l a c e d  in the 
p l a n e  of the t e s t  s u r f a c e .  With  the p h o t o c e l l  c u r r e n t  [ and the to ta l  l ight  f lux f r o m  al l  l a m p s  known, one 
can  c a l c u l a t e  the loca l  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t  a s  fo l lows :  

loc__ I 

i ~ 1  

The mean  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t  is  d e t e r m i n e d  as  the s u m  of the l o c a l  a n g u l a r  i r r a d i a t i o n  
c o e f f i c i e n t s  f o r  the s u r f a c e .  D u r i n g  the t e s t s  we v a r i e d  the d i m e n s i o n l e s s  de s ign  p a r a m e t e r s  wi th in  the 
fo l lowing  r a n g e s :  B = b / h  = 0 .2 -1 .0 ;  F = f / h  = 0 .15-0 .25 ;  A = d / h  = 0 .35-1 .0 ;  S 1 = s l / h  = 1 .5-3 .0 ;  D 
= d/q = 0 . 3 - 1 . 0 ;  S 2 = s2/q = 0 .5 -1 .5 ;  L 2 = 12/h = 1 .0 -10 ;  A = 5 /h  = 1 .0-1 .5 �9  

The  f i l l  f a c t o r  X was  v a r i e d  wi th in  the 0-0 .5  r a n g e .  A t h e o r e t i c a l  a n a l y s i s  and t e s t  r e s u l t s  have  
shown tha t  the fo l lowing  p r o c e d u r e  fo r  d e t e r m i n i n g  the a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t s  fo r  the  g iven  t y p e s  
of oven d e s i g n  i s  a p p r o p r i a t e .  One d e t e r m i n e s  the l oca l  a n g u l a r  c o e f f i c i e n t  a t  any  poin t  on the c o n v e y o r  
s u r f a c e  t u r n e d  t o w a r d  the r a d i a t o r s .  F o r  th is ,  a c c o r d i n g  to F i g .  3a and depend ing  on the r a d i a t o r  p i t ch  
st ,  one d e t e r m i n e s  f i r s t  the v a l u e  q~13 r e f e r r e d  to A5 at the  n e c e s s a r y  d i s t a n c e  12 (q~3 i s  c a l c u l a t e d  p e r  1 
c m  2 s u r f a c e  a r e a ) .  If the  s u r f a c e  po in t  u n d e r  c o n s i d e r a t i o n  does  not  l ie  on the c o n v e y o r  ax i s  bu t  i,~ o f f se t  
a long  the y - a x i s ,  then the c o r r e c t i o n  f a c t o r  k 1 = ~t3/~3 is  found f r o m  F i g .  4a, wi th  q913 deno t ing  the l o c a l  
a n g u l a r  c o e f f i c i e n t  a t  the po in t  o f f se t  f r o m  the  a x i s .  One then d e t e r m i n e s  the l oca l  a n g u l a r  c o e f f i c i e n t  a t  
any  po in t  in the  c o n v e y o r  p l a n e  f a c i n g  the r e f l e c t o r  s c r e e n s  be low.  F o r  th i s ,  one f inds  k 2 f r o m  F i g .  4b. 
H e r e  k 2 q)t3 q~13, wi th  (fl~3 deno t ing  the l oca l  a n g u l a r  c o e f f i c i e n t  in the  d i r e c t i o n  43 at  any  po in t  in the c o n -  
v e y o r  p l ane .  We note  tha t  fo r  p l o t t i n g  the g r aph ,  the r a t i o  of l o c a l  a n g u l a r  c o e f f i c i e n t s  fo r  d i r e c t  and r e -  
f l e c t e d  l igh t  r e s p e c t i v e l y  was  at any poin t  on the c o n v e y o r  s u r f a c e  a s s u m e d  i n d e p e n d e n t  of the r a d i a t o r  
p i tch .  

S ince  u n d e r  a c t u a l  c o n d i t i o n s  the end s u r f a c e s  of the ho ld ing  f r a m e s  ( conveyo r  r i g  in F ig .  3b) e x -  
h ib i t  s o m e  s c r e e n i n g  e f fec t  on the  i r r a d i a t i o n  of the  he ld  a r t i c l e s  by  r e f l e c t e d  f lux,  th is  m u s t  be  accoun ted  
f o r  by  a n o t h e r  c o r r e c t i o n  f a c t o r  k 3 ' " = ~43/q~3 found f r o m  F i g .  4c,  wi th  ~ '  43 deno t ing  the l o c a l  a n g u l a r  c o e f -  
f i c i e n t  at the r e s p e c t i v e  poin t  on the c o n v e y o r  s u r f a c e  and inc lud ing  the s c r e e n  e f f ec t  of the  end s u r f a c e s  
of the  ho ld ing  f r a m e s .  F i n a l l y ,  f r o m  F i g .  4d one a l so  d e t e r m i n e s  the  c o r r e c t i o n  [ ac to r  k 4 = ~43/q~3 a c -  
coun t ing  f o r  the c o n v e y o r  f i l l ,  wi th  ~P43 denot ing  the r e s p e c t i v e  va lue  of the a n g u l a r  c o e f f i c i e n t  fo r  r e f l e c t e d  
r a d i a t i o n .  
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F i g .  4. C o r r e c t i o n  f a c t o r s  k[ as  func t ions  of the  g e o m e t r i c a l  
d i m e n s i o n s  of the d r y i n g  oven (p, x) and of the c o n v e y o r  f i l l  f a c -  
t o r  z :  a) k I = f(p); b) k 2 = f(p) [1) B = 0.2; 2) 0.333; 3) 0.667; 
4) 1.0]; c) k 3 = f(x) [1) B = 1.0; 2) 0 .3 -0 .7 ;  3) 0.2]; d) k 4=f04)  
[1) B = 0.3; 2) 0.7; 3) 1.0l .  

In th i s  way,  one can  d e t e r m i n e  the v a l u e s  of ~Pla and qP4a f o r  any po in t  of a h o r i z o n t a l  c o n v e y o r  wi th  a 
r i g .  We note  that ,  f o r  oven d i m e n s i o n s  o t h e r  than those  used  in ou r  e x p e r i m e n t ,  it  i s  e a s y  to p lo t  a g r a p h  
a n a l o g o u s  to F ig .  3a on the b a s i s  of s e v e r a l  po in t s  c a l c u l a t e d  by  c o m p u t e r  a c c o r d i n g  to f o r m u l a  (1). Th i s  
f o r m u l a ,  as  a c o m p a r i s o n  b e t w e e n  t h e o r e t i c a l  and e x p e r i m e n t a l  d a t a  has  shown, y i e l d s  a c l o s e  a g r e e m e n t  
of r e s u l t s  (Fig .  3a).  

C o n v e y o r s  wi th  v e r t i c a l l y  i n s t a l l e d  o p e r a t i n g  ovens  have  a l s o  a good p o t e n t i a l  f o r  use  in h e a t - r a d i a -  
t ion d r y i n g  a p p a r a t u s .  The  oven c o n f i g u r a t i o n  and a t y p i c a l  r i g  w e r e  s i m u l a t e d  in e x p e r i m e n t s  p e r f o r m e d  
on th i s  t e s t  s t and .  The  m o d e l  of the d r y i n g  zone in such  an a p p a r a t u s  i s  shown s c h e m a t i c a l l y  in F i g .  l b ,  
c. The r a d i a t o r s  w e r e  d i s t r i b u t e d  s y m m e t r i c a l l y  (Fig .  lb)  o r  in a s t a g g e r e d  p a t t e r n  (Fig .  l c ) .  F i a t  opaque  
h a n g e r s  w e r e  moved  a long  the v e r t i c a l  channel ;  on ly  t h r e e  such  h a n g e r s  wi th  a r t i c l e s  in an ac tua l  p r o d u c -  
t ion se tup  a r e  shown in F i g .  l b ,  c. 

The  p u r p o s e  of th i s  s i m u l a t i o n  w a s  to d e t e r m i n e  the v a l u e s  of d i m e n s i o n s  sa, q, and d at which  the 
i r r a d i a t i o n  of the h a n g e r  s u r f a c e  would  be  m o s t  u n i f o r m  and m a i n t a i n e d  d u r i n g  the t r a n s p o r t  of h a n g e r s  
a long  the v e r t i c a l  channe l .  In the c a l c u l a t i o n  of l o c a l  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t s  we c o n s i d e r e d  only 
the l ight  f lux  f r o m  l a m p s  be tween  h a n g e r s ,  s i n c e  t e s t s  had shown the e f fec t  of o t h e r  l a m p s  to be  n e g l i g i b l e .  
Loca l  and mean  a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t s  w e r e  d e t e r m i n e d  on the b a s i s  of t e s t  da ta .  It thus  b e c a m e  
p o s s i b l e  to de s ign  the d i m e n s i o n l e s s  r a t i o s  f o r  a d r y i n g  oven D = d/q = 0.75 and S 2 = s2/q = 1.0 o p t i m a l l y  
wi th  r e s p e c t  to u n i f o r m  i r r a d i a t i o n  of a r t i c l e s .  We note  that  q~ = 0.15 a pp l i e s  to the t o t a l  h a n g e r  s u r f a c e .  

An a n a l y s i s  of the r e s u l t s  ob ta ined  b y  o p t i c a l  s i m u l a t i o n  has  y i e l d e d  the fo l lowing  p r a c t i c a l  c o n c l u -  
s i o n s :  

1. The  o p t i m u m  v a l u e  of B is  0 .3 -0 .6 .  

2. In o r d e r  to e n s u r e  an a c c e p t a b l e  u n i f o r m i t y  of r e s u l t a n t  f l uxes  s t r i k i n g  an a r t i c l e ,  and to i n c r e a s e  
the a n g u l a r  i r r a d i a t i o n  c o e f f i c i e n t ,  it  i s  w o r t h w h i l e  to m a k e  S 1 = 1 .0 -1 .6 .  

3. The  c o n v e y o r  r i g  used  in i n d u s t r y  a b s o r b s  a l a r g e  p a r t  of d i r e c t  and r e f l e c t e d  r a d i a t i o n ,  as  a r e -  
su l t  of which  the i r r a d i a t i o n  of a r t i c l e s  in the d i r e c t i o n  13 b e c o m e s  qu i t e  n o n u n i f o r m .  It s t a n d s  to r e a s o n  
to r e d u c e  the  he igh t  of the  h a n g e r  s t r u c t u r e  to l e s s  than 0.06h and to m a k e  i t  of a h i g h e r - r e f l e c t i v i t y  m a -  

t e r i a l .  

NOTATION 

1~ i s  the r e f l e c t i o n  f a c t o r ;  
12 i s  the c o n v e y o r  length;  
I i s  the p h o t o c e l l  c u r r e n t ;  
(I, t i s  the l ight  f lux  f r o m  a l a m p ,  in r e l a t i v e  uni ts ;  
n i s  the n u m b e r  of r a d i a t o r s ;  
i i s  the c o n s e c u t i v e  n u m b e r .  

Subscripts 

1 refers to radiators; 

2 refers to upper reflector; 
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3 refers to irradiated body; 
4 refers to lower reflector. 
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