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A method to compute  the t h e r m a l  ef f ic iency fac to r  is proposed for  a plane l ayer  of noniso ther -  
real and nondiss ipat ive  med ium with radia t ing  and ref lec t ing  boundar ies ,  and an ana lys i s  is 
given of i ts  dependence on the opt ical  th ickness  of the layer  and the f o r m  of the t e m p e r a t u r e  
prof i le .  

The ana lys i s  of the total  heat  t r a n s f e r  in s t r e a m  gene ra to r  f i re  boxes  and furnaces  of di f ferent  desgina-  
t ion is based  on the use  of s i m i l a r i t y  theory .  The d imens ion les s  gas t e m p e r a t u r e  at  the output f r o m  the f i r e -  
box is  de t e rmined  as  a function of four c r i t e r i a  of the heating p roces s ,  the Bol tzmann c r i t e r ion ,  the p a r a m e t e r  
M c h a r a c t e r i z i n g  the p r o g r e s s  of this  p r o c e s s ,  pa r t i cu la r ly ,  the posit ion of the t e m p e r a t u r e  m a x i m u m  in the 
c h a m b e r ;  the Bouguer  c r i t e r ion ,  and the t h e r m a l  ef f ic iency fac tor  (TEF) of the heating su r face .  

Di rec t  m e a s u r e m e n t s ,  p e r f o r m e d  by a number  of r e s e a r c h e r s  [1-4], of the radia t ion  flux qinc incident on 
the combust ion  c h a m b e r  wall  and the r e t u rn  flux qr  d i rec ted  f rom the wall into the f i rebox space,  pe rmi t t ed  the 
e s t ab l i shmen t  of n u m e r i c a l  va lues  of the TE F defined by the formula  [5] 

= qinr - -  qr _ (1) 
qinc 

that  a r e  c h a r a c t e r i s t i c  for  d i f ferent  conditions of coal  dust,  fuel oil, and gas combust ion.  

Recommenda t ions  for  the se lec t ion  of the TE F as  a function of the kind of sc reen ,  contaminat ion of the 
heating sur face ,  and spec ies  of fuel used,  which a r e  included in the s tandard  method for a t h e r m a l  ana lys i s  of 
bo i le r  agg rega t e s  [6], a r e  fo rmula ted  on the bas i s  of genera l i za t ion  of the expe r imen ta l  invest igat ions  men-  
t ioned.  

The p r o b l e m  of an analy t ica l  de te rmina t ion  of the TE F should include the condition of noniso thermy of 
the med ium (because �9 -- 0 for eve + r = 1 in the i s o t h e r m a l  case) .  A cons iderab le  quantity of r e s e a r c h  invest i -  
gating the non i so the rmy of radia t ing media ,  pa r t i cu l a r ly  a theore t i ca l  ana lys i s  of the heat  t r a n s m i s s i o n  p roces s  
with the non i so the rmy of the f i rebox space  taken into account  [7-9], has recen t ly  been pe r fo rmed .  

An analyt ic  method to de t e rmine  the t h e r m a l  eff ic iency fac tor  of radia t ing  and ref lec t ing su r faces  bound- 
ing a plane layer  of a non i so the rmal ,  nondiss ipat ive  med ium is p roposed  in this paper .  This  method is based 
on re la t ionsh ips  obtained by the au thors  [10, 11] for  the radia t ion  intensi ty  which r e su l t  f r o m  an exact  solution 
of the radia t ion t r a n s f e r  equation in such media .  In this case ,  exp res s ion  (1) can be wr i t ten  as  follows for an 
a x i s y m m e t r i c  t e m p e r a t u r e  prof i le  in the l ayer  
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can  be u s e d  with good  a c c u r a c y  to  ob ta in  the  r e l a t i o n s h i p  (2) t ha t  i s  c o n v e n i e n t  fo r  p r a c t i c a l  a p p l i c a t i o n .  Then  
the e x p r e s s i o n s  fo r  the  ou tgo ing  and r e f l e c t e d  r a d i a t i o n  can  e a s i l y  be found 

,-- ~--2% lout (To) -- 1 [e w B ( lw  e q- 2 ~B[T(r')]e-2(~,-*')d,'} , (4) 
1 - -  re  - 2 ~  o 

Ir (-co) = ew B(Tw) + r l o u t  (-co) 
"C o 

= 1 -{ewB(Tw ) +  2r t'B[T(-c')]e-2(To-~')d-c'}. (5) 
1 - -  re -2~~ b 

U s i n g  the i n t e g r a l  n o t a t i o n  

we r e w r i t e  (4) and (5) a s  fo l lows  

To 

2 f' B [T(T')] e-2(*'-~')d-c ' = r  
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tr (%) 1 - -  re -2~~ [e'wB (Tw ~ + r e  (To)]. 

(6) 

C o n s e q u e n t l y ,  we have  the  fo l lowing  e x p r e s s i o n  

T =  I ew'~ (Tw) + re/) (-c~ (7) 
e w B (T w ~ e-2~~ (T0) " 

to d e t e r m i n e  the t h e r m a l  e f f i c i e n c y  f a c t o r  of the  b o u n d a r y  s u r f a c e .  

The  i n t e g r a l  4~ (T0) b e i n g  e x a m i n e d  i s  r e l a t e d  by a s i m p l e  r e l a t i o n s h i p  to the  P l a n c k  funct ion,  the  r a d i a t i o n  
of an  a b s o l u t e l y  b l a c k  body  u n d e r  a s p e c i f i c  e f f e c t i v e  t e m p e r a t u r e  T e l  [11] for  a g iven  n o n i s o t h e r m a l  l a y e r :  

q5 (-Co) = (1 - -  e -2z~ B (Tel). (8) 

W e  t hen  w r i t e  (7) in the  f o r m  

e w $ ( T w ) ~ r ( 1 - - e - 2 ~ ~  -- l - -  (1--e-2T~ +bsw 
ewB (T w) e -2~~ + (1 -e -2*~  B (Tel) 1 - -  (1 - -  bew) e --~~ 

(9) 

w h e r e  b = B(T w ) / B ( T e f ) .  

V a l u e s  of the  t h e r m a l  e f f i c i e n c y  f a c t o r  for  the  b o u n d a r y  s u r f a c e s  of a n o n i s o t h e r m a l ,  n o n d i s s i p a t i v e  p lane  
l a y e r  w e r e  c o m p u t e d  a s  a func t ion  of  the  o p t i c a l  t h i c k n e s s ,  the v a l u e s  of  the  t e m p e r a t u r e  a t  the  b o u n d a r y  and a t  
the  c e n t e r  of  the  l a y e r ,  and the r a d i a t i o n  c h a r a c t e r i s t i c s  of  the  bounding  s u r f a c e s .  The  l i m i t s  of  the  t e m p e r a -  
t u r e  v a l u e s  w e r e  s e l e c t e d  a c c o r d i n g  to  r e a l  t e m p e r a t u r e s  which  o c c u r  in p o w e r  p lan t  c o m b u s t i o n  c h a m b e r s ,  
p a r t i c u l a r l y ,  s t e a m  g e n e r a t o r  f i r e b o x e s  for  the  1 -10  t im r a d i a t i o n  w a v e l e n g t h  r a n g e ,  i . e . ,  which  is  c h a r a c t e r i s -  
t i c  for  the  t h e r m a l  r a d i a t i o n  of  i n d u s t r i a l  f l a m e s .  S p e c i f i c  r a n g e s  of v a r i a t i o n  of the  o t h e r  d e s i g n  p a r a m e t e r s  
a r e  i n d i c a t e d  in [11]. 

We p e r f o r m e d  an  a p p r o p r i a t e  a n a l y s i s  of  the  i n f luence  of the  kind of t e m p e r a t u r e  p r o f i l e  on the magn i tude  
of the  T E F .  The  c o m p u t a t i o n s  m e n t i o n e d  w e r e  p e r f o r m e d  on an  E C - 1 0 2 2  e l e c t r o n i c  c o m p u t e r  fo r  f ive k inds  of 
e i g h t  t e m p e r a t u r e s  p r o f i l e s  g iven  a n a l y t i c a l l y  and p r e s e n t e d  in [11]. The  s u b s c r i p t  i l a t e r  d e n o t e s  the  n u m b e r  
of the  t e m p e r a t u r e  d i s t r i b u t i o n  in c o n f o r m i t y  wi th  the  a b o v e - m e n t i o n e d  p a p e r .  A m o n g  t h e m  a r e  the  S c h l i c h t i n g  
p r o f i l e  fo r  a s t e a d y  t u r b u l e n t  flow [12], a s  we l l  a s  t e m p e r a t u r e  p r o f i l e s  a s s u m i n g  the  p r e s e n c e  of a c o r e  wi th  a 
c o n s t a n t  t e m p e r a t u r e  a t  the  c e n t e r .  

The  c h a r a c t e r i s t i c  d e p e n d e n c e s  of  the  t h e r m a l  e f f i c i e n c y  f a c t o r  of the  b o u n d a r y  s u r f a c e s  of the c o n s i d e r e d  
s y s t e m  on the  o p t i c a l  t h i c k n e s s  of  a l a y e r  wi th  S c h l i c h t i n g  t e m p e r a t u r e  p r o f i l e  a r e  r e p r e s e n t e d  in F ig .  1. H e r e  
the  r a d i a t i o n  c h a r a c t e r i s t i c s  of t h i s  s u r f a c e ,  the  wa i l  e m i s s i v i t y  e w and the  r e f l e c t i o n  c o e f f i c i e n t  r ,  a r e  t a k e n  
a s  p a r a m e t e r s ,  w h e r e  the  cond i t i on  ~w -< 1 - r  i s  c o n s e r v e d  i f  the  q u a n t i t i e s  e w and r a r e  g iven .  F o r  m o d e r a t e  
v a l u e s  of  the  r e d u c e d  t e m p e r a t u r e  a t  the  c e n t e r  of the  p r o f i l e  (| = ~'Tc -<5 "10-3 i n .  K), the  T E F  d e p e n d e n c e s  on 
% w e r e  ob t a ined  g r a p h i c a l l y  in  the  f o r m  of  a bundle  of c u r v e s  which  d i v e r g e  a s  T o g r o w s  (F ig .  l a ) .  The  u p p e r  
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Fig .  1. D e p e n d e n c e  of  the  t h e r m a l  e f f i c i e n c y  f a c t o r  of the b o u n d a r y  
s u r f a c e s  on the o p t i c a l  t h i c k n e s s  of  the  l a y e r  (Sch l ieh t ing  t e m p e r a t u r e  
p r o f i l e  [12], ~ c / |  w = 3 ,0:  a) @ c  = 5 . 1 0  -3 m ~k;b)  1 0 . 1 0 - a ;  c) 1 5 . 1 0  "3 
[1) e w  = 0.2;  2) 0.4;  3) 0.6;  4) 0.8;  53 1.0;  D r = 0; ID 0.2;  III) 0.4; IV) 

0.6I .  
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Fig .  3 

F ig .  2. D e p e n d e n t  of  the  t h e r m a l  e f f i c i e n c y  f a c t o r  of the  b o u n d a r y  s u r -  
f a c e s  on the g r a d i e n t  of the  t e m p e r a t u r e  p r o f i l e  in the  l a y e r  (Sch l i ch -  

t ing  p r o f i l e  [12], e w = 0.8; r =0.2); 1) r 0= 0.5;  2) 1.0;  3) 2.0; 4) 5.0; 
5) 10;  6) 7 0 = 20; D | = 1 . 1 0 - 3 m  . K ;  ID 1 0 " 1 0  -3 r e . i ( .  

F i g .  3. D e p e n d e n c e  of  the  t h e r m a l  e f f i c i e n c y  f a c t o r  of the  b o u n d a r y  
s u r f a c e s  on the  o p t i c a l  t h i c k n e s s  fo r  d i f f e r e n t  k inds  of  t e m p e r a t u r e  d i s -  
t r i b u t i o n s  in the  l a y e r  (| = 10 .10  -a m ' K ;  | 174  = 1.5);  1) ew = 0.8;  
r = 0.2; 2) e w = 0.6;  r -- 0.4; I) i =1;  II) 3; III) 5; IV) i = 8 ( n u m b e r s  of  
the  t e m p e r a t u r e  d i s t r i b u t i o n s  a r e  g iven  in c o n f o r m i t y  wi th  [11]). 

fan of  c u r v e s  I c o r r e s p o n d s  to  the  va lue  r = 0, the  nex t  fan of  c u r v e s  II to r = 0.2, e t c .  The  u p p e r  c u r v e  in e a c h  
fan c o r r e s p o n d s  to  the  va lue  e w = 0.2, the  nex t  to  e w = 0.4, e t c .  

T h e r e f o r e ,  for  low v a l u e s  of the  l a y e r  o p t i c a l  t h i c k n e s s  r 0 in  the  d o m a i n  | �9 10 -a  m .  K, the  quan t i t y  !,  
i s  p r a c t i c a l l y  i n d e p e n d e n t  of ew. I t  shou ld  a l s o  be no ted  tha t  in the  c a s e  e w = 0 the  c u r v e s  of  the  d e p e n d e n c e  of 
the  T E F  on the o p t i c a l  t h i c k n e s s  r 0 d e g e n e r a t e  in to  s t r a i g h t  l i ne s  p a r a l l e l  to the  h o r i z o n t a l  a x i s  for  any  v a l u e s  
of  r ,  w h e r e  I, =1 for  r = 0, I,  = 0.8 for  r = 0.2, e t c .  T h e s e  l i ne s  a r e  not  shown on the g r a p h  fo r  the  c a s e s  m e n -  
t i oned .  

The  fan of  c u r v e s  a l r e a d y  d i v e r g e s  for  s m a l l  r 0 a s  the  r e d u c e d  t e m p e r a t u r e  r i s e s  a t  the  c e n t e r  of the  
l a y e r  (F ig .  l b ) .  O t h e r  p a r a m e t e r s  of  the  c o m p u t a t i o n  b e i n g  equa l ,  a d i m i n u t i o n  in the  a b s o l u t e  v a l u e s  of I ,  i s  
o b s e r v e d .  The  g r e a t e s t  d i m i n u t i o n  in the  a b s o l u t e  v a l u e s  of  the  TE F for  p lane  l a y e r s  wi th  i d e n t i c a l  o p t i c a l  
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Fig .  4. D e p e n d e n c e  �9 = f*(ew) for  a p lane  l a y e r  wi th  a S e h l i c h t i n g  
t e m p e r a t u r e  p r o f i l e  [12](a) T0=0.5;  b) 5): 1 ) |  = 1"10 -3 r e . K ;  2) 
3"10-3;  3) 5"10-3;  4) 10"10-3;  5) | = 1 5 " 1 0  -3 m - K ;  I) | 1 7 4  
1.5;  II) 3.0. 

thicknesses corresponds to the computed curves for ~ as the quantity ~w grows, i.e., with the reduction in the 

fraction of radiation from the layer which has passed through the boundary surface. Analogous dependences of 

= ff,(T0) are displayed in Fig. ic, but for a still higher value | = 15 "10 -3 m.K. Results of the computations 

lead to a deduction about the strong dependence of the TE F on the gradient of the temperature distribution (Fig. 

2) and the kind of temperature profile in the layer (Fig. 3). An increase in the constant-temperature core re- 

sults in a strong growth of the TE F. Since the temperature profile in sections with the height of the boiler-ag- 

gregate firebox vaires from a flat-top to a Schlichting type profile, the quantity �9 is not constant, but dimin- 

ishes gradually to the exit from the firebox. This change in �9 depends substantially on the type of boiler ag- 

gregate and the fuel burning conditions. 

Despite the complexity of the analytical expression governing the dependence of the TE F on the radiation 

characteristics of the boundary surfaces of the plane layer of a radiating, nondissipating medium, an almost 

linear dependence is obtained �9 = f(ew) (Fig. 4). It should be noted that not the "pure" dependence �9 = f(Sw) is 

displayed in this case for the other invariant parameters, but the obtained upon conservation of the condition 

e w = i- r. The "pure" �9 = f(ew) for r = const will evidently have a different graphical form. However, the de- 
pendence of �9 on e w may be assumed linear for opaque boundary surfaces, which is quite important in the in- 

terpretation of experimental data. 

A slight nonlinearity of the function �9 = f(aw) is observed for the computed results obtained for a plane 

l a y e r  wi th  a low va lue  of o p t i c a l  t h i c k n e s s  on the o r d e r  of T O ~ 0.5 for  the v a l u e s  | >3 " 10 -3 m "K. It  should  
t r u l y  be no ted  t ha t  in  the  r a n g e  0.5-< ew-< 1.0, a l i n e a r  d e p e n d e n c e  i s  a l s o  d e t e c t e d  even  for  p lane  l a y e r s  c h a r -  
a c t e r i z e d  by v a l u e s  of the  o p t i c a l  t h i c k n e s s  on the  o r d e r  of  7 0 ~ 0.5 and by  the r e d u c e d  t e m p e r a t u r e  | >3" 10 -3 
m �9 K. T h e r e f o r e ,  the  l i n e a r  n a t u r e  of  the func t ion  ,I,= f(aw) i s  r e t a i n e d  in the  d o m a i n  of  v a l u e s  of the  b o u n d a r y  
s u r f a c e  e m i s s i v i t y ,  t ha t  o c c u r s  in the  t h e r m a l l y  s t r e s s e d  zones  of the  c o m b u s t i o n  c h a m b e r s  of t h e r m a l  p o w e r  
p l a n t s .  

The  g r a p h s  p r e s e n t e d  {Fig.  4) a r e  c o n s t r u c t e d  f r o m  r e s u l t s  c a l c u l a t e d  for  a g r a d i e n t  of  the  p r o f i l e  |  
| = 1.5. An a n a l o g o u s  p a t t e r n  i s  ob ta ined  for  h i g h e r  v a l u e s  of th i s  r a t i o .  But the  l i n e a r i t y  d o m a i n  of the  
c u r v e s  for  the T E F  d i m i n i s h e s  in the  p a r a m e t e r  | in t h e s e  c a s e s  and,  p a r t i c u l a r l y  for  the  v a l u e s  |174  w =3.0 ,  
i t  i s  bounded  by  the r e d u c e d  t e m p e r a t u r e  r a n g e  | > 7 �9 10 -3 m -  K. 

S ince  the  n o n l i n e a r i t y  of the  func t ion  ,I, = f(ew) i s  i n s i g n i f i c a n t ,  the  c o m p u t e d  c u r v e  can  then  be r e p l a c e d  
by  an  a p p r o x i m a t e  c o n d i t i o n a l  l ine  ,I, = f*(Sw) p a s s i n g  t h rough  the o r i g i n  and the c e n t e r  of the  l i n e a r  s e c t i o n  of  
the  c o m p u t e d  c u r v e  l o c a t e d  wi th in  the  l i m i t s  0.5 -< Sw-< 1.0. To e s t i m a t e  the  e r r o r  thus  a d m i t t e d ,  we p r e s e n t  a 
c o m p a r i s o n  of the e x a c t  and a p p r o x i m a t e  r e s u l t s ,  d e t e r m i n e d  fo r  a p lane  l a y e r  wi th  the  fo l lowing  c h a r a c t e r i s -  
t i c s  ~0 = 0.5; | = 15 .10  -3 m . K  and two l i m i t  v a l u e s  |174  = 1.5 and 3.0 (Table  1), a s  an i l l u s t r a t i o n .  

T h e r e f o r e ,  a l i n e a r  a p p r o x i m a t i o n  in the  d e t e r m i n a t i o n  of the  t h e r m a l  e f f i c i e n c y  f a c t o r  ,P for  a p lane  
r a d i a t i n g  l a y e r  wi th  a low va lue  of the  o p t i c a l  t h i c k n e s s  y i e l d s  a m a x i m u m  e r r o r  on the  o r d e r  of  5.-6% in the  
w o r s t  c a s e  (low v a l u e s  of  the  r a t i o  |174 fo r  the  r a n g e  of v a r i a t i o n  in the  e m i s s i v i t y  of the b o u n d a r y  s u r f a c e s  
0.5-< ew-< 1.0 of  i n t e r e s t  to us .  
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TABLE 1. Compar i son  of Exac t  and Approximate  Resul t s  

~w o,2 I o,4 I o,6 o,8 1 ~,o 

Oc/@ w ~- 1,5 

~ f* (ew) 0,049 0,099 o, 148 0,197 0,246 
Error, % --17,8 --12,0 --5,6 +6,3 

0 c/O w = 3,0 

~F----f(ew)" 0,159 0,311 0,456 [ 0,596 1 0,730 
~ ]* (~ w) O, 149 0,298 0,447 I 10'596 0,746 

Error, % , --6,2 --4,2 --1,7 0 +2,1 

As is known, methods  of computing b o i l e r - a g g r e g a t e  f i reboxes  were  compi led  on the bas i s  of using the 
"g rey"  approx imat ion  for the emi s s iv i t y .  The use  of a "g rey"  model for  heat  t r a n s f e r  computat ions  in the f i r e -  
boxes  of modern  powerful  bo i le r  agg rega t e s  cannot a s s u r e  the a c c u r a c y  needed.  In this connection, intensive 
inves t iga t ions  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 f i rebox media  (the combust ion  products)  and heating su r faces ,  
including those covered  by incrus ta t ions  ([13-15] for  instance) ,  have been p e r f o r m e d  recen t ly .  

T h e r e f o r e ,  the r e s u l t s  of the p resen t  pape r  make avai lab le  a broad  poss ibi l i ty  of a theore t i ca l  ana lys i s  
of the s p e c t r a l  values  of the TE F of heat ing su r f aces  over  the height of a b o i l e r - a g g r e g a t e  f i rebox,  and c o r r e -  
spondingly, exac t  computa t ions  of the local ~'(D for  known expe r imen ta l  r e su l t s  of T(D and ew(~) for definite 
t e m p e r a t u r e  p rof i l es .  

NOTATION 

�9 , t h e r m a l  ef f ic iency fac tor  (TEF) of the heat ing su r face ;  qinc, q r '  incident and re turn  radia t ion fluxes,  
r e spec t i ve ly ;  Iout (0, p) and I r (0, p), in tens i ty  of rad ia t ion  going out f r o m  and re f l ec ted  back  to the layer ,  r e -  
spec t ive ly ;  0 = a r c c o s  g ,  angle of observa t ion ;  T, optical  th ickness  of the l aye r ;  r 0, total  optical  th ickness  of 
the layer  under inves t igat ion;  aw, r ,  and Tw, emi s s iv i t y ,  re f lex iv i ty ,  and t e m p e r a t u r e  of the boundary  sur face ,  
r e spec t i ve ly ;  B = BIT 0")] = (2hv3/c2) (e hu /kT - 1) -1, Planck radiat ion;  ~, radiat ion wavelength;  | = 
XT, reduced  t e m p e r a t u r e  in accord ing  to [10]. Subscr ip t s :  ef,  ef fect ive;  w, boundary sur face  (wall); c, cen ter  
of the l ayer .  
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Popov,  M. M. M e l ' m a n ,  UDC 536.3 
S. Nevsk i i  

ON THE OPTIMAL TEMPERATURE PROFILE OF 

SELECTIVE GASES UNDER RADIANT HEAT 

TRANSFER 

Yu. A. 

and A. 

It is shown that a select ive gas t empera tu re  profile exists for which radiant  heat flux is a rnaxi- 
mum in the heating surface.  The mean, minimum, and maximum gas t empera tu res  are  de ter -  
mined. 

The paper [1] is devoted to the question of the influence of furance gas t empera tu re  profiles on the r e -  
sultant radiant  heat flux q in a heating surface.  The necess i ty  is shown there for taking account of the r e a l t e m -  
pera ture  field in evaluating the quantity q. Computations were executed taking the select ivi ty of the gas radia-  
tion into account.  It is shown here that there  exists  a t empera tu re  profile for which q is a maximum. For s im- 
plicity, we assume the lining to be absolutely black and adiabatic,  the heating surface nonselective,  and we simu- 
late the furnace geomet ry  by a plane layer .  The higher the emiss iv i ty  of the lining, the grea te r  the q since the 
intr insic  radiation of the lining is t ransmi t ted  bet ter  by a selective gas than the ref lected radiation containing 
the gas band in its spec t rum.  

Let Q1 be the intr insic  gas radiat ion on the heating surface and Q2 on the lining. The express ion for q 
has the form 

q -- --Q0, @ (1 - -  r)[Q~ @ D~ (l) Q0~ ]. (1) 

F r o m  the adiabatic condition of the lining, we have 

Qo2 - -  Q~ @ Di (1)Qo~ - rQ:D3 (l) -[- Qo.~_D2 (20 (2) 

and we obtain f rom (1) and (2) 

q = - - Q o ~ T ( l - - r )  Qi i - -r l__rD~(21)j  1--rD~_(2l) ~ 1 - - rD~(2 l )  " 

For a fixed mean gas t empera tu re ,  the coefficients of Q 1, Q2, and Q0t are  pract ica l ly  independent of Qi, Q2, and 
r.  Then, .if the coefficient of Q2 in (3) is g rea te r  than the coefficient of Qj, then it is energet ical ly  advantageous 
to organize the furnace heating scheme with the grea tes t  possible value of Q2, i.e., when the torch is directed 
to the crown (indirect mode): The condition for preference  of the indirect  over the direct  heating mode 

Df(I) ~ 1  + rD,;(I) D3(I) , (4) 
1 - -  rD. , .  ( 2 / )  1 - -  r D . ,  ( 2 l )  

follows f rom (3), and can be writ ten as 

r ~  I - -  D2  (l)  

D., (2/) -- D2 (l) D3 (1) 

(5) 
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