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A formula is obtained for calculating the amount of flame radiat ion present  in infrared gas rad i -  
a to rs .  

In infrared gas radia tors  using the method of gas combustion in porous perforated media and in smal l  
volumes with highly convoluted contact surfaces  the major  radiat ion source  is the solid firebed. However, 
on the firebed surfaces  a f lame exists,  which acts as an additional radiat ion source .  The question of the r e l -  
ative amount of flame radiat ion in f lameless  gas radia tors  is sti l l  under d iscuss ion at present .  

According to [1], the flame radiat ion comprises  6-7% of the total the rmal  output of the radia tor .  How- 
ever,  in [1] the studies were performed for ce ramic  perforated f i re  nozzles,  and so use of these resul ts  for 
meta l loceramic  and metall ic f i re  nozzles may introduce e r r o r ,  s ince the fract ion of flame radiat ion present 
may depend on the the rmal  load of the rad ia tor .  It is a lso necessa ry  to consider  that a supplemental  grid in- 
stalled above the f ire sur face  will absorb a portion of the flux f rom the flame and, consequently, reduce the 
fract ion of flame radiat ion in the total radiat ion flux. According to the data of [6], the fract ion of flame r a -  
diation is of the order  of 3%. 

Gas combustion in infrared gas radia tors  occurs with an a i r  excess coefficient a = 1.05, i . e . ,  complete 
combustion occurs ;  the gas combustion products consist  of carbon dioxide gas,  water vapor,  and nitrogen. 
Dissocia t ion of these  products is significant at t empera tures  above 1500~ and s o may be neglected, s ince 
under actual conditions of infrared gas - r ad i a to r  operation the t empera tu re  is always below this value, mainly 
because  of di rect  heat l iberation. 

The radiat ion of the nonluminous flame is taken equal to the radiation of the t r ia tomic  gases CO 2 and 
H20 produced upon gas combustion.  

The t r ia tomic  gases CO 2 and H20 a re  among the select ively absorbing media. The t ransmiss ion ,  ab-  
sorption,  and radiat ion spec t ra  of CO 2 and H20 a re  extremely complex, and so to simplify calculation their  
actual spec t ra  will be replaced by simplified ones, containing only the three  most significant bands [5]. In 
pract ical  calculations of CO 2 and H2 O absorpt ion capability, Hottel and Egbert  d iagrams a re  used. To de te r -  
mine absorpt ion capability f rom these d iagrams it is necessa ry  to know the t empera tu re  of the gas combustion 
products,  the part ial  p ressures  of carbon dioxide PCO 2 and water  vapor PH20, and the effective ray  path 
length Sef. For  a thin planar layer of gas of thickness S 

Sef = 2S. (1) 

The part ial  p ressures  PCO 2 and PH20 may be determined f rom the gas combustion react ion equations 
using the volume content of the given gas in the combustion products .  

Hottel and Egbert  d iagrams permit  calculating the absorpt ion capability of isothermal  gas volumes.  
Nonuniformity of the t empera tu re  field may be considered by using the coefficient of radiat ion effectiveness,  
equal to the rat io of the actual radiant flux E to the radiant flux E*,  calculated at a mean graphic medium 
t empera tu re  equal to the ca lor imet r ic  t empera tu re  [4]. However, calculations performed with the graphs of 
[4] show that due to the low optical density of the radiat ion layer the radiat ion effect iveness coefficient is 
pract ical ly  unity, and so further  calculations will be performed for the mean graphic t empera tu re .  

In combustion of a g a s - a i r  mixture in perforated f ire nozzles a planar flame front is formed near the 
nozzle sur face .  For  stable combustion it is necessa ry  that the velocity of the g a s - a i r  mixture  be equal to 
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Fig. 1. Frac t ion 'of  combustion product  radiation of p r o p a n e -  
a i r  f lame ~? (%) (a) and ~Tfl (%) (b)versus  specific the rmal  
load. 

the normal  f lame-propagat ion velocity.  Decrease  in normal, f lame-propagat ion velocity is achieved by heat 
t r ans f e r  f rom the g a s - a i r  mixture to the perforated nozzle .  This effect of the sur face  on the value of normal  
f lame-propagat ion ra te ,  as was shown in [8], is equivatent to pre l iminary  cooling of the g a s - a i r  mixture.  
This allows considerat ion of flame t empera tu re  with thermal  theory formulas for an adiabatic f lame. Accord -  
lag to the thermal  theory of Zel 'dovich, Frank-Kamenetski i ,  and Semenov, the mass  combustion velocity 
may be wri t ten as 

2~dKoP~ ( T; ~2 RTe E " 

The factor ep~r e -- T~) has the sense  of the react ion effect and is weakly dependent on T~ .  The product 00T0 
is a lso pract ical ly constant .  There fore ,  assuming that Xe ~ Tg "9 [91, Eq~ (2) may be rewri t ten  as 

G = c~ K T4m exp (- -  RTc Fj '1",, (3) 

To avoid determining the constant, one can use tabular values of Te0G 0 under normal  conditions; then 

E 1 1 

V \T% 1 

Thus, knowing the velocity of the g a s - a i r  mixture ,  Eq. (4) may be used to calculate the initial t empe r -  
a ture  of the combustion products : Fur ther ,  assuming the combustion product t empera tu re  to be constant over 
the entire volume, we calculate the amount of heat radiated f rom the dec rease  in heat content of the combus-  
t ion products --  the dec rease  in combustion product t empera tu re  AT. We then refine the value of the mean 
combuStion product t empera tu re  and repeat  the calculations.  

Calculations were performed for a p r o p a n e - a i r  mixture  with air  excess coefficient of o~ = 1.05. In 
the calculations the values Uc0 = 0.39 m / s e e ,  To0 = 2260~ and E = 38 kca l /mole  [3] were used. Since in in- 
f rared gas radia tors  the distance between grid and f ire sur face  comprises  8-10 mm, the effective layer th ick-  
ness Sef = 0.02. Combustion product radiation beyond the grid was not considered,  since in passage through 
the grid the combustio 1 products a re  cooled significantly by convective heat t r ans fe r .  

Results of calculating fract ion of flame radiat ion as a function of specific thermal  load a re  shown in 
Fig.  l a .  As is evident f rom the figure,  the amount of flame radiat ion compr ises  3-5% of the specific the rmal  
load. 

Experimental  studies of the amount of p r o p a n e - a i r  flame radiat ion were  performed with a gr id- type  
radia tor  consisting of two metall ic grids with cell d iameter  0.4 x 0.4 mm ~, prepared f rom 0 .2 -mm-diamete r  
wire,  with one sur face  serving as the f ire sur face .  The amount of heat radiated by the flame was determined 
as the difference between thermal  flux obtained with gas combustion on the grids and the thermal  flux obtained 
f rom the same  grids heated by an electr ic  cur rent .  Specific thermal  load was calculated f rom gas expenditure 
with normal  correc t ions  for gas t empera tu re  and p r e s su re .  Grid t empera tu re  was monitored by C h r o m e l -  
Alumel thermocouples .  Thermal  fluxes were  measured  with a bolometer ,  using the method described in [7]. 
To avoid heating of the bolometer  by combustion products the burner  plane was inclined at an angle of 60 ~ to 

the horizontal .  

Results a re  presented in Fig.  lb .  The dashed curve  represents  data obtained by process ing the exper i -  
mental points by the method of least squares ;  the solid line is the calculated curve with considerat ion that a 
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port ion of the f l ame  flux falls on the addit ional g r id .  As was shown in [2], upon i r rad ia t ion  of a solid su r f ace  
through openings in a grid with a useful  sec t ion  coefficient  of ~0, a port ion of the to ta l  flux passes  through the 
g r id  equal to r As is evident f rom Fig.  lb ,  a g r e e m e n t  of the exper imenta l  and calculated curves  is com-  
pletely s a t i s f a c t o r y .  The  m a x i m u m  deviat ion c o m p r i s e s  0.1% of the spec i f ic  t h e r m a l  load. 

The d e c r e a s e  in r e l a t ive  amount  of f l ame  radia t ion  upon i nc r ea se  in spec i f ic  t h e r m a l  load may be ex-  
plained as fol lows.  The  speci f ic  t h e r m a l  load q is propor t iona l  to the veloci ty of the g a s - a i r  mixture ,  and, 
consequently,  consider ing Eq. (3), 

-24~ ( E ) 
q ~ l c "  exp 

2~rc 

If  we consider  that the amount  of heat radia ted by the f lame is propor t iona l  to Tc 4, then 

qfl TI'55 exp ( 2~--Tc ) ~ l f l  - -  q , c  

In the t e m p e r a t u r e  range  concerning us (Tc = 1500-2000~ the de r iva t ive  d~fl /dT c < 0, and, consequently,  
with i nc rea se  in spec i f ic  t h e r m a l  load the f rac t ion  of f l ame  radia t ion d e c r e a s e s .  

For  p rac t i ca l  calculat ions of f l ame  radia t ion f rom m e t a l l o c e r a m i c  and meta l l ic  gr id gas r ad ia to r s  with 
a grid having a useful  su r f ace  coefficient  of ~0, for  the  range  q = (10-30) -10 r W / m  ~ the following formula  is 
suggested : 

Qfl = (0.495 + 1.4.10 -~ q) F o ~03/-% (5) 

The  f rac t ion  of f l ame  rad ia t ion  in the s a m e  t h e r m a l  load range  may be calculated with the fo rmula  

( 0 . 4 9 5  +l.4.10_2)r (6) ~] fl 

Thus ,  in calculat ing the f rac t ion  of f lame radia t ion  f rom per fora ted  f i rebeds  without an additional grid 
the f o r m e r  value of 6-7% of the speci f ic  t h e r m a l  load may be used.  With use  of an additional gr id in in f ra red  
gas r ad ia to r s  the f rac t ion  of f lame rad ia t ion  in the to ta l  flux f rom the hea ter  d e c r e a s e s  to 1-1.5% for gr ids  
with ~00 = 0.45. 

N O T A T I O N  

G, m a s s  combust ion veloci ty;  K0, preexponent ia l  factor ;  To, initial  t e m p e r a t u r e  of  gas - a i r  mixture ;  E, mean  
act ivat ion energy;  T c, f l ame  t e m p e r a t u r e ;  ep, mean  heat  capac i ty  of combust ion products ;  p ~, densi ty of  p r e -  
cooled mixture ;  T ~ ,  t e m p e r a t u r e  of precooled mix ture ;  Xc, t h e r m a l  conductivity of g a s - a i r  mix tu re  at 
T = Tc;  Tc 0, adiabat ic  f lame t e m p e r a t u r e ;  Go, mass  combust ion veloci ty  of adiabatic  f lame;  q, specif ic  t h e r m a l  
load; qfl, amount of heat radia ted  by f lame;  ~]fl, f rac t ion  of f lame radia t ion;  ~o0, useful  sec t ion  coefficient  of 
gr id;  F 0' r ad i a to r  su r f ace  a r e a .  
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