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Results are presented of an experimental investigation of the total ther- 
mal emission, radiative and convective of a natural gas flame in a 
water-cooled combustion chamber, at various degrees of prernixing 
with air. 

In fu rnace  des ign  the mode of combus t ion  of the gas 
is of spec ia l  impor tance .  Combus t ion  of the s a m e  
amount  of gas in a fu rnace  may be effected in f l ames  
of d i f fe rent  types r ang ing  f rom shor t  and t r a n s p a r e n t  
to long and luminous  f l ame  is obtained when the gas 
is well  mixed with a i r  before  the s t a r t  of combus t ion  
(in the m i x e r s  of in jec t ion  b u r n e r s  kind p o s s e s s e s  
known advantages ,  s ince  it p e r m i t s  reduc t ion  of the 
requ i red  height of fu rnace  and the ach ievemen t  of 
complete  combus t ion  of the gas unde r  condi t ions  of 
m i n i m u m  excess  of a i r ,  and of p r ac t i ca l l y  comple te  
absence  of heat  loss  f rom chemica l  i ncomple t enes s  
of combus t ion  (qz < 0.01%). 

Although a n u m b e r  of papers  on this sub jec t  have 
been  published [1-5] ,  there  a re  no data on compa r a t i ve  
heat  e m i s s i o n  of a gas f lame,  for a defini te  degree  of 
p r emix ing  of gas and a i r .  

The heat  e m i s s i o n  f rom a gas f lame was inves t iga ted  
in expe r imen ta l  equipment  (Fig. 1) whose combus t ion  
chambe r  was a ve r t i c a l  c a l o r i m e t e r  with i n t e rna l  di-  
a m e t e r  51 m m  and height  550 mm,  composed of five 
sepa ra t e  sec t ions  connected in s e r i e s .  The w a t e r  t e m -  
p e r a t u r e  at the inle t  and exit  of each sec t ion  was 
m e a s u r e d  with t h e r m o m e t e r s  graduated in 0.1" C. 

Natura l  gas and a i r  we re  fed into a mix ing  b u r n e r  
with a head in the form of a cone whose base  was a 
plate  30 mm in d i a m e t e r  with 120 a p e r t u r e s  1 mm in 
d i a m e t e r ,  which ensured  s tab le  combus t ion  and p r e -  
cluded f lashback.  The b u r n e r  was in se r t ed  f rom below 
into the combus t ion  c h a m b e r - c a l o r i m e t e r  (the top pa r t  
of Fig.  1 shows a sepa ra t e  i l l u s t r a t i o n  of the f i t t ing of 
the b u r n e r  into the combus t ion  c h a m b e r - c a l o r i m e t e r )  
and had a specia l  disk for con t ro l l ing  the inflow of 
secondary  a i r .  The m a s s  flow ra te  of the gas r ema ined  
constant .  The t he rma l  load of the combus t ion  c h a m b e r -  
c a l o r i m e t e r  was 1785 kW/m 3. 

The degree  of p r e m i x i n g  of the gas with p r i m a r y  a i r ,  
, in the b u r n e r  m i xe r  was se t  at 0.2, 0.4, 0.6, 0.8, 

1.0, in turn;  cont ro l  was accompl i shed  by d e t e r -  
min ing  the oxygen content  of the g a s - a i r  m ix tu r e  with-  
d rawn f rom the head of the b u r n e r .  No tes ts  we re  
c a r r i e d  out with a_  = 0 be c a use  of the imposs ib i l i t y  of 

P 
s e c u r i n g  comple te  combus t ion  in the sma l l  c h a m b e r ,  
and also because  of the c o n s i d e r a b l e  depos i t ion  of soot 
on the c h a m b e r  wal l s .  

F o r  a speci f ic  degree  of p r e m i x i n g  of the gas with 
p r i m a r y  air, the total  a i r - f u e l  ra t io ,  a ,  was var ied  
f rom 1.0 to 1.5 by inflow of secondary  a i r  into the 
c h a m b e r  (by d rawing  it through the ad jus tab le  annu la r  
sec t ion  fo rmed  by the lower  face of the chamber  and 
a spec ia l  b u r n e r  d isc  and computed f rom the compo-  
s i t ion  of the combus t ion  products  at i ts  exit,  and f rom 
ana ly t ica l  d e t e r m i n a t i o n  in VTI-2 appara tus  and a KhT-  
2M chromatograph .  

The overa l l  t h e r m a l  eff iciency of the c hambe r  was 
de t e rmined  by the re l a t ion  

i~ = Qw/BQ~ qH, (1) 

where  

~]H= 1 - - q ~ / 1 0 0 .  (2)  

The r e s u l t s  of the e xpe r i me n t s  a re  p r e sen t ed  in 
F ig .  2 and in the table.  It may be s een  frorfi the f igure  
and the table that, with d e c r e a s e  of ~p f rom 1.0 to 
0.2 ( co r respond ing  to change of the conf igura t ion  and 
the s ta te  of the f l ame  f rom non luminous ,  cons i s t i ng  
of f ine t r a n s p a r e n t  f l ames  of height  15-20  mm with 
Cep = 1o0, to a yellow luminous  f l ame  of height  200-250  
mm with Cep = 0.2), heat  t r a n s f e r  d e c r e a s e s  by 20%, 

for  cons tan t  gas flow ra te  and for  ~ = 1.0. 
It is known that a n a t u r a l  gas f l ame  has a h igher  

t e m p e r a t u r e  when there  is comple te  p r e m i x i n g  of the 
gas with a i r .  The mean  t e m p e r a t u r e s  of the f l ame  in 
the c ha mbe r  for va r ious  Cep fell  in the r ange  1200-1600 ~ K, 
the f lame t e m p e r a t u r e  d e c r e a s i n g  with d e c r e a s e  of 
Up, and i ts  m a x i m u m  was d isp laced  upwards  along the 

Values of O v e r - a l l  T h e r m a l  Eff ic iency p (the f igures  in  b racke t s  
a re  exp re s sed  as a pe rcen tage  of the va lue  of ~ with o~ =Cep = 1.0) 

Air fuel 
ratio ~X 

1.0 
I .05 
1.10 
1.20 
1 �9 30 
I. 50 

Degree of premixing ffp (as a fraction of, the amount of air theoretically required) 

I.I) IP .~ (1.6 I), ~ ] I}.2 

I 0.532 {97.8} 0.516 (95.0) {).476 {87.5} 
0,520{97.7) 0.492 {90.4) 0.446 (82,0) I 
{}.510 {95.6) 0.482 [88.5) 0.434{79.8} I 
{}.503 {91,2) 0.473 {85.7) 0.426 {77,2} 
{},484 {89.0} 0.458 {84.3) 0.413 (76.0) 
t},464 (85.4) 0.433 {79.5} { .40,3 {74.2) 

0.544 (100.0) 
{}.532 { 97,8) 
{}.525 { 96.5} 
0.518(94.1) 
0.500{ 91.9) 
0.480 ( 88.2} 

0.436 (80,2) 
0,421 {77,4) 
0.414 (76.2) 
0.409 {74.3) 
{}. 398 (73.2} 
o. 390 (71,7) 
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Fig. 1. Experimental  equipment for  investigation of the influence 
of the degree of mixing of gas with a i r  on heat t ransfer :  1) gas 
burner;  2) gas flowmeter; 3) air  mass flowmeter; 4) combustion 
chamber-ca lor imeter ;  5) thermometers ;  6) thermoeouples; 7) com- 
pressor ;  8) VTI-2 gas analyzer; 9) KhT-2M chromatograph; 10) 

bottle of c a r r i e r  gas; 11) control disc; 12) gas burner  head. 
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axis of the f lame,  fal l ing in the r eg imes  with ap  = 
= 1 0 - 0  8 in  the reg ion  of the f i r s t  sect ion,  with c~_ = 

�9 �9 19 

0.6 in  the second sect ion,  and with C~p = 0 .4-0 .2  
in the third sec t ion  of the chamber .  The f lame t e m -  
p e r a t u r e  was measu red  with a c h r o m e l - a l u m e l  t he r mo-  
couple, the d i ame te r  of the exposed junct ion being 1 mm, 
in se r t ed  into the f lame f rom above along the axis 
of the chamber ,  thus pe rmi t t i ng  a qual i ta t ive  es t imate  
of the posi t ion of max imum t empe ra tu r e  in the f lame,  
although the de t e rmina t ion  of absolute  t e m p e r a t u r e s  
was inaccura te .  

The d i s t r ibu t ion  of max imum values  of p ac ross  
sec t ions  of the chamber  (Fig. 3) agrees  with the po- 
s i t ion  of max imum t empe ra tu r e  in the f lame in the 
r e g i m e s  with co r r e spond ing  values  of ap .  

The data (table, F igs .  2 and 3) show that under  the 
l o w - t e m p e r a t u r e  condit ions (Tf = 1200-1600 ~ K) p r e -  
va i l ing  in wa te r -coo led  combust ion  chambe r s ,  the 
value of p for  a nonluminous  f lame with complete  p r e -  
mixing may exceed that for a luminous  f lame by a 
m a r g i n  of 20%. 
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Fig.  2. Dependence of ~t on the degree  
of p remix ing  and dependence of a i r -  
fuel ra t io:  1) for ap  = 1.0; 2) 0.8; 3) 

0.6; 4) 0.4; 5) 0.2. 

In combus t ion  chambers  with a higher  t empe r a t u r e  
level ,  the d i f ference  in heat  t r a n s f e r  between the non-  
luminous  and the luminous  f lames  d e c r e a s e s  and has 
s m a l l e r  values  in actual furnaces  [5]. 
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Fig.  3. Dis t r ibu t ion  of heat  t r a n s -  
fer  over  sec t ions  of combus t ion  
c h a m b e r - c a l o r i m e t e r ,  with a'p = 

= 1.05: 1-5)  see Fig.  2. 

NOTATION 

ap  is the degree  of p remix ing  of gas and air ;  a is 
the a i r - fue l  rat io;  tx is the overa l l  thermal  eff iciency 
of combust ion  c h a m b e r - c a l o r i m e t e r ;  Qw is the heat 
absorbed by the water  in the combust ion  c h a m b e r -  
c a l o r i m e t e r ;  B is the gas mass  flow ra te  adjusted to 
s tandard  condit ions;  77H is the heat r e l ea se  factor; 
Q~ is the ca lor i f ic  value of gas; Tf is the flame tem- 
pera ture ;  qz is the heat loss due to chemical  incom-  
ple teness  of combust ion  at the end of the combust ion  
c h a m b e r - c a l o r i m e t e r ;  N C is the c a l o r i m e t e r  number  
(beginning at bu rne r ) .  
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