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Burn ing  C h a r a c t e r i s t i c s  o f  L i q n i t e  Fuel  

L i g n i t e  f u e l  i s  h i g h l y  v o l a t i l e  and has a low i g n i t i o n  temperature,  and i s  
consequent ly easy t o  burn.  I n  p r a c t i c e ,  however, when b u r n i n g  low grade l i g n i t e  
f u e l  i n  s t o k e r s  o r  p u l v e r i z e d  coal  furnaces, some d i f f i c u l t i e s  may occur due t o  
h i g h  mois tu re  c o n t e n t  and l o w  ash f u s i n g  p o i n t .  
o f  l i g n i t e  f u e l  i s  above 30% and t h e  sum o f  t h e  m o i s t u r e  conten t  and ash content  
i s  h i g h e r  than 50%. I t s  h e a t i n g  v a l u e  i s  about 2,000-2,500 k c a l / k g  and t h e  ash- 
de format ion  temperature i s  h i g h e r  t h a n  1,100 C.  

I n  genera l ,  t h e  m o i s t u r e  content 

Burning l i g n i t e  f u e l  i n  f l u i d i z e d  beds has many obvious advantages: 

( 1 )  High heat  accumula t ion  of t h e  f u e l  bed. T h i s  p rov ides  a s u f f i c i e n t  heat 
source t o  d r y  and preheat  t h e  l i g n i t e  and h e l p s  h i g h  mois tu re  l i g n i t e  t o  i g n i t e  
i n  t ime,  r e s u l t i n g  i n  a s t a b l e  combustion c o n d i t i o n .  

o f  10 t / h r .  Dur ing  t h e  f i r s t  w i n t e r  of b o i l e r  opera t ion ,  t h e  a i r  r e q u i r e d  f o r  
combustion was d e l i v e r e d  i n t o  t h e  f u r n a c e  b y  drawing i n  o u t s i d e  a i r ,  which was 
approx imate ly  -3OOC. I n  o r d e r  t o  p r e v e n t  t h e  f r o z e n  coal  f rom p a r t i a l l y  m e l t i n g  
i n t o  a l a r g e  lump i n  t h e  coa l  bunker, t h e  bunkers were i n s t a l l e d  outdoors.  
t h e  w i n t e r ,  f r o z e n  c o a l ,  t o g e t h e r  w i t h  i c e  p a r t i c l e s ,  was d e l i v e r e d  d i r e c t l y  i n t o  
t h e  fu rnace v i a  b e l t s .  The w a l l s  became covered w i t h  i c e  f r o s t  l i k e  t h e  o u t s i d e  
o f  a r e f r i g e r a t o r .  D e s p i t e  such d i f f i c u l t  c o n d i t i o n s ,  t h e  combustion process i n  
t h e  furnace was normal and t h e  combust ion was s t a b l e  as l o n g  as t h e  temperature 
o f  t h e  f u e l  bed was above 60OoC. 

Another f a c t o r y  t r i a l  s u c c e s s f u l l y  f i r e d  t h r e e  l i g n i t e s  w i t h  h i g h  mois tu re  

As an example, a f a c t o r y  i n s t a l l e d  a f l u i d i z e d - b e d  b o i l e r  w i t h  steam capac i ty  

Ouring 

c o n t e n t .  The measured c h a r a c t e r i s t i c s  o f  t h e  f u e l s  a r e  g i v e n  i n  Tab le  1 .  

Table 1. T y p i c a l  A n a l y s i s  o f  L i g n i t e s  F i r e d  i n  T r i a l s  

Type I I 1  I 1 1  

Mois tu re  conten t  as f i r e d  ( % )  27.21 46.01 56.82 
Ash conten t  as f i r e d  ( % )  26.2 23.37 16.13 
V o l a t i l e  m a t t e r  as f i r e d  ( % )  24.1 19.83 14.91 
F ixed carbon (%I 22.4 10.43 12.14 
Lower h e a t i n g  va lue  ( k c a l / k g )  2551 1470 1230 

( 2 )  The normal tempera ture  range f o r  f l u i d i z e d  beds i s  850-950°C. T h i s  i s  
much lower  than t h e  l i g n i t e  ash-deformat ion p o i n t ,  and t h e  temperature f i e l d  i s  
even, w i t h  no p o s s i b i l i t y  o f  s l a g g i n g .  

f l y i n g  o u t  of t h e  f l u i d i z e d  bed a r e  n o t  sub jec ted  t o  temperatures above t h e i r  fus ion  
p o i n t .  
convent iona l  furnaces.  

(3 )  Ash e r o s i o n  i s  n o t  u s u a l l y  h i g h .  T h i s  i s  because t h e  f l y - a s h  p a r t i c l e s  

Thus the  e r o s i o n  p o t e n t i a l  of t h e  f l y - a s h  i s  p robab ly  lower  than t h a t  leav ing  
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(4)  Since the operating temperature f o r  a l i g n i t e  f luidized bed boi ler  may 
be r e l a t i v e l y  low, the load range can be much wider. As the temperature of the 
fluidized bed var ies  from 6OO0C to  900°C, the load range f o r  a s ing le  f luidized 
bed can be e a s i l y  varied from 50% t o  100%. 
operation, the minimum load can be fur ther  reduced, resu l t ing  in a much lower 
value t h a n  the low load s t a b l e  operating range of a pulverized-coal furnace. 

no t  serious due t o  the  r e l a t i v e l y  loose character  o f  l i g n i t e  ash. I n  most f luidized 
bed boi lers  operated f o r  many years ,  the erosion of the submerged tubes has  n o t  been 
a problem, although there  may be some exceptions. 

The s p e c i f i c  gravi ty  of l i g n i t e  ash i s  r e l a t i v e l y  low. 
the a i r  pressure of the plenum may have a lower value than when using high 
low-grade coals .  
water. 

Using a separated f luidized bed 

( 5 )  The erosion of the  submerged tubes in l i g n i t e  fluidized-bed boi lers  i s  

( 6 )  For t h i s  reason 

The plenum a i r  i s  usually supplied a t  a pressure of 500mm 

( 7 )  
run of the mine (ROM) l i g n i t e  fuel successful ly  many times when the temperature of 
the fuel bed was about 40OoC. 

(8)  When l i g n i t e  fuel i s  thrown in to  the high-temperature fuel beds, the fuel 
i s  suddenly heated and crumbles e a s i l y  by i t s e l f ,  allowing coal par t ic les  as - f i red  
t o  be very coarse. Operating experiments in Heilang Jiang and Yunnan provinces 
a l so  proved t h a t  the maximum diameter of par t ic les  may be raised t o  20-25 mm, 
s l i g h t l y  reducing power consumption f o r  crushing and making i t  eas ie r  to  s ieve.  

Fluidized Bed Boilers with a Rear-Installed Cyclone Furnace 

A t  present, one of the main problems for  ex is t ing  fluidized-bed boi lers  i s  
low combustion eff ic iency.  The main reason f o r  lower combustion eff ic iency and 
higher unburned combustible so l ids  losses  i s  the high carbon content in the f ly-ash.  
The small par t ic les  may be blown off  the high-temperature f luidized bed,  resul t ing 
in an unburned carbon loss  in the f ly-ash.  

I t ' s  eas ie r  t o  ign i te  a l i g n i t e  fluidized-bed boi le r .  We have ignited 

Another important c h a r a c t e r i s t i c  of l i g n i t e  fuel i s  i t s  high v o l a t i l e  content. 
The heat released from the v o l a t i l e  matter i s  about one-half of the coal heating 
value. 
forming many small coal p a r t i c l e s .  Therefore, one of the important charac te r i s t ics  
for f i r i n g  l i g n i t e  in  fluidized-bed boi le rs  i s  possibly t h a t  more v o l a t i l e  matter 
and small coal p a r t i c l e s  a re  burning in the suspension chamber ( f reeboard) .  

b e t t e r  performance i s  a n  important f a c t o r  in determining the  combustion eff ic iency 
of l i g n i t e  fluidized-bed boi le rs .  One ef fec t ive  measure f o r  reducing the fly-ash 
carbon content i s  using a fly-ash recycle f o r  r e f i r i n g  in  the f luidized beds o r  
applying fly-ash re f i r ing  beds. However, t h i s  will complicate the system and i t s  
construction f o r  small-capacity, fluidized-bed boi le rs .  Prac t ica l ly ,  providing 
high temperature within the suspension chamber ( f reeboard)  may exer t  a n  afterburning 
actior! f o r  various f u e l s .  For t h i s  reason, we suggest l imit ing the  heat exchange 
surface as much as possible or  not placing them in  the freeboard. This will r a i s e  the 
gas temperature in the upper par t  of the furnace as high as possible. The igni t ion 
temperature for l i g n i t e  fuel i s  r e l a t i v e l y  low. 
exer t  s u f f i c i e n t  afterburning act ion on the suspension chamber ( f reeboard) .  
a suf f ic ien t ly  high temperature in the suspension chamber i s  an important condition 
in achieving b e t t e r  combustion. 

I n  addi t ion,  l i g n i t e  p a r t i c l e s  may break u p  during the burning process, 

The optimization of the combustion process in the suspension chamber t o  obtain 

T h u s ,  the  increased temperature will 
Providing 
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Another important condition i s  how t o  organize the aerodynamic f i e l d  of the / 

suspension chamber. 
cyclone furnace,  shown in  Fig. 1 .  Good r e s u l t s  were obtained. Afterwards, we 
designed several dozen fluidized-bed boi le rs  f o r  l i g n i t e ,  the majority using 
rear - ins ta l led  cyclone furnaces. 
the  c h a r a c t e r i s t i c s  of a horizontal cyclone furnace. 

combustibles and oxygen in the gas flow. 
ve loc i ty  between the gas flow and the f ly-ash and thus a n  increase in the diffusion 
veloci ty  of oxygen t o  the f ly-ash.  These e f f e c t s  r e s u l t  in an increased burning / 

veloci ty  f o r  coal par t ic les .  Furthermore, the residence time f o r  fly-ash in the 
cyclone furnace i s  obviously prolonged. 
having a medium diameter. The carbon content for  t h i s  p a r t  of the f ly-ash,  in 
general ,  gives the highest value. I n  addi t ion,  a cyclone furnace c o l l e c t s  dust within I 

the furnace. 
the load on the dust-col lect ing plants .  

Note t h a t  although the dimension of the convex c o l l a r  f o r  cyclone furnace 
o u t l e t s  i s  n o t  l a rge ,  i t s  e f f e c t  on the aerodynamic f i e l d  i s  qu i te  important. The 
scheme f o r  an aerodynamic f i e l d  in  a cyclone furnace with and without a c o l l a r  i s  
shown in  Fig. 2 .  
f o r  cyclone furnaces w i t h  c o l l a r s  i s  much higher t h a n  f o r  those without c o l l a r s .  

Aerodynamic Fields f o r  Horizontal Cyclone Furnaces 

I n  1972, we designed a fluidized-bed boi ler  with a rear - ins ta l led  

The design of t h i s  cyclone furnace i s  based on 
The aerodynamic f i e l d  f o r  a 

cyclone furnace i s  very complex. I t s  complexity a s s i s t s  in s u f f i c i e n t  mixing of ( 
This i s  due t o  the increase in the r e l a t i v e  

This i s  espec ia l ly  t rue  f o r  ash p a r t i c l e s  

I t  may reduce erosion on t h e  convection heating surfaces  and  reduce 

I t  was a l s o  shown by cold modeling t h a t  the separation eff ic iency 

In o r d e r  to  recognize the mechanism f o r  the separating and  afterburning action 
in the  cyclone furnace and  t o  inves t iga te  for  a more reasonable construct ion,  we have 
performed cold modeling for the horizontal cyclone furnace and tes ted the aerodynamic 
f i e l d  in t h i s  type of furnace. 

The maximum p a r t i c l e  s i z e  leaving the cyclone furnace i s  expressed by the  
, following re la t ionship :  

1 .6  
dmax 

where 
I -  

Wt - 
'r = 

r =  

R "  = 

9 
v =  
Ro = 

r =  

w1.4 R u 2  v0.6 
= 13.88 9 

w;* R~ r 

veloci ty  in i n l e t  of cyclone furnace (m/sec) 
radial  veloci ty  (m/sec) 
radius of the  e x i t  ( m )  
spec i f ic  gravi ty  of gas (kg/m ) 
coef f ic ien t  of kinematic viscosi ty  o f  g a s ,  ( m  / sec)  
radius of the lower boundary of i n l e t  ( m )  

3 
2 

spec i f ic  gravi ty  of p a r t i c l e  (Kg/m 3 ) 

From the above, we can approximate the diameter of a p a r t i c l e  in cyclonic 
motion a t  the e x i t  boundary of a cyclone furnace. Some large p a r t i c l e s  of diameter 
above d near the wall wil l  be moved towards the wall and then pass down the wall. 
The oth@Pxlarge Par t ic les  wi l l  continue t h e i r  circumferential movements in various 
values of the radius unt i l  the  wall i s  reached or  t h e i r  diameter i s  reduced t o  less  
than d . The p a r t i c l e s  of diameter l e s s  t h a n  d may be moving with the a i r  flow 
out  ofmetie CYlOne furnace, b u t  the  small par t ic levahear  the wall may a l s o  be 
separated from the gas flow. Therefore, dmax may be considered as the l imi t  of the 
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maximum p a r t i c l e  d iameter  l e a v i n g  t h e  cyc lone furnace. 
spher ica l  d 
4,  c a l l e d  t!Bxpart icle shape c o e f f i c i e n t ,  as a c o r r e c t i o n .  
va lue  be considered as t h e  ac tua l  s i ze .  

of about 94 pm. 
W. If t h i s  va lue  i s  c o r r e c t e d  f o r  p a r t i c l e  s p h e r i c i t y  ( 0  = .66) a value o f  93.72 
W i s  found which i s  v e r y  c l o s e  t o  d,,, f rom t h e  above expression. 

For c o n d i t i o n s  t y p i c a l  o f  an o p e r a t i n g  cyc lone fu rnace,  t h e  maximum p a r t i c l e  
diameter l e a v i n g  t h e  fu rnace f r o m  the  above equat ion  i s  about 320 m. 
f a c t o r y  furnaces t h e  exper imental  va lue  i s  about 500 pin. T h i s  i s  e q u i v a l e n t  t o  a 
s p h e r i c a l  d iameter o f  330 urn ( +  = 0.66) which i s  c l o s e  t o  320 urn. 

Because p a r t i c l e s  a r e  no t  
ob ta ined from the  above equat ion  shou ld  be d i v i d e d  by a c o e f f i c i e n t  

Only a f t e r  t h i s  may the 

For the  c o l d  model ing experiment, t h e  above express ion  f o r  dma g i v e s  a value 
Exper imental  measurements show a maximum p a r t i c l e  & m e t e r  of 142 

For some 

Summarizing, t h e  p r i n c i p a l  causes of a f t e r b u r n i n g  a c t i o n  i n  cyclone furnaces arc?: 

(1 )  Large p a r t i c l e s  o f  f l y - a s h  are  thrown by the  h i g h  c e n t r i f u g a l  f o r c e  toward 
the  w a l l .  These p a r t i c l e s  then pass r a p i d l y  down the  i n n e r  w a l l s  o f  t he  cyc lone 
furnace. Al though these p a r t i c l e s  a re  separated r a p i d l y ,  due t o  t h e  h i g h  r e l a t i v e  
V e l o c i t y  they can be burned up w i t h i n  a s h o r t  t ime.  Since l a r g e  p a r t i c l e s  have 
p a r t i a l l y  burned w i t h i n  t h e  f l u i d i z e d  bed, t h e  carbon c o n t e n t  o f  these p a r t i c l e s  
would no t  be as high. 

circumference w i t h  d i f f e r e n t  r a d i i  u n t i l  they  have burned t o  a s i z e  l e s s  than d ax  
and then leave the  cyc lone furnace. So the  res idence t i m e  o f  t h e  medium p a r t i c T e s  
w i t h i n  the  cyclone furnace i s  g r e a t l y  inc reased r e s u l t i n g  i n  g r e a t e r  char combustion. 

I n  a d d i t i o n ,  t h e  a c t i o n  o f  t h e  c o l l a r  mounted a t  t h e  t h r o a t  f o r c e s  the  a i r  
f l o w  a t  and around the  t h r o a t  t o  change i t s  d i r e c t i o n  r e p e a t e d l y  ( r o t a t i n g  180'). 
Th is  forms an i n t e n s e  t u r b u l e n c e  and r e c i r c u l a t i n g  movement of t h e  p a r t i c l e s  (see 
F ig .  1 ) .  The l a t t e r  r e c i r c u l a t e s  i n  the  cyc lone a x i a l l y  and a t  t he  same t i m e  
r o t a t e s  around t h e  cyc lone a x i s ,  a l s o  i n c r e a s i n g  t h e  res idence t i m e  of t he  p a r t i c l e s  
w i t h i n  the  cyclone furnace. Cold model ing has confirmed t h a t  some medium-size 
p a r t i c l e s  a r e  r o t a t i n g  c o n t i n u a l l y  w i t h i n  t h e  cyc lone fu rnace u n t i l  t he  f a n  i s  
shut down. 

Based upon t h e o r e t i c a l  a n a l y s i s  and some exper imenta l  d a t a  f rom t h e  domest ic 
research u n i t ,  i t  has been found t h a t  p a r t i c l e s  o f  medium s i z e  have the  h i g h e s t  
carbon content,  and t h a t  t h i s  t y p e  of p a r t i c l e s  i s  i n  t h e  m a j o r i t y .  For example, 
exper imental  data o b t a i n e d  i n  the  f l u i d i z e d  bed b o i l e r  b u r n i n g  l o c a l  coa l  a t  
Che-Jiang U n i v e r s i t y  has shown t h a t  t h e  h e a t  l o s s  f o r  p a r t i c l e s  rang ing  from 
0.13 t o  0.375 mm i s  over 70% of t he  t o t a l  heat  l o s s  o f  f l y - a s h .  
these p a r t i c l e s  may be j u s t  t he  r o t a t i n g  p a r t i c l e s  w i t h i n  t h e  cyclone furnace. 
Therefore,  t he  c y c l o n i c  a c t i o n  o f  t he  cyc lone fu rnace may be v e r y  e f f e c t i v e  i n  
reduc ing  the  carbon-content o f  f l y - a s h .  

( 2 )  Based on t h e  above p r i n c i p l e ,  medium p a r t i c l e s  w i l l  move around the  

The m a j o r i t y  o f  

Experimental Research on the .Cyc lone Furnace Under Thermal S t a t e  

The carbon c o n t e n t  o f  t h e  ash samples taken from v a r i o u s  p a r t s  o f  t he  b o i l e r  
f l u e  gas were determined and a r e  summarized i n  t h e  f o l l o w i n g  t a b l e .  
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Table 2. Ash Size Distr ibut ion and Carbon Content i n  
Various Parts  of Flue Gas 

_____ 

Granularity Ash separated i n  Ash in prec ip i ta t ing  Ash i n  dust 
mm cyclone furnace chamber col 1 ec tor  

proportion carbon proportion carbon proportion carbon 
by weight content by weight content by weight content 

% % % % % % 

1.87 1.18 
1 - 2  5.83 1.76 

0.5-1 36.4 1.08 4.64 
0.28-0.5 25.8 1 .3  15.4 18.48 1.25 35.86 
0.09-0.28 24.8 0.93 59.3 9.91 33 18.89 
0.09 5.2 1.05 20.66 4.12 65.18 8.53 

I n  a typical  bo i l e r ,  a two-stage dust  co l lec tor  i s  used. About 60% of the total  
The remaining ash i s  then removed fly-ash i s  col lected i n  t he  prec ip i ta t ing  chamber. 

by the dust co l lec tor .  

scarcely la rger  than 0.5 mm. 
0.5mm will  not leave the cyclone furnace.  This i s  in  accordance w i t h  the r e su l t s  
from the cold modeling experiment. 

Based o n  the above da ta ,  we can draw the following conclusions: 

( 1 )  The ash p a r t i c l e  s i z e  i n  p rec ip i ta t ing  chambers and d u s t  co l lec tors  i s  
I t  i s  reasonable t o  assume tha t  p a r t i c l e s  greater  t h a n  

( 2 )  Ash par t ic les  w i t h  diameters of 0.25 - 0.5mm in the fly-ash have the  
highest carbon content. 
separated from the gas flow i n  t h e  cyclone furnace and i t s  proportion by weight 
i n  t he  fly-ash i s  not high. When a b o i l e r  operates a t  normal capaci ty ,  the average 
carbon content fo r  fly-ash i s  11.85%. This value may be considered r e l a t i v e l y  low. 

( 3 )  The ash p a r t i c l e s  separat ing from the gas flow i n  the  cyclone furnace 

However, most of t h i s  fly-ash s i z e  f rac t ion  has been 

have a s ign i f icant ly  lower carbon content than t h a t  observed in  the ash overflow. 
In general, the medium p a r t i c l e s  of fly-ash have higher carbon content ,  while the 
carbon content of ash p a r t i c l e s  ranging from 0.28 t o  0.5 mm separated in  the cyclone 
furnace i s  only 1.3%. 
cyclone furnaces i s  ra ther  high. 

(about 50%), the ash p a r t i c l e s  burn more completely with the r e s u l t  t h a t  the boiler 
combustion e f f ic iency  increases .  
unburned combustible so l id  losses  a r e  3.8% and the unburned gas losses  a r e  0.67% 
while the combustion e f f ic iency  can be a s  high a s  95.47%. 

When the temperature of  f lu id ized  bed sect ion i s  900°C a t  rated capaci ty ,  the 
gas temperature measured a t  the cyclone furnace e x i t  i s  92OoC, t h a t  i s  the 
temperature difference between the l a t t e r  and the  former i s  2OoC. This shows tha t  
there  are some combustibles s t i l l  burning in  the  suspension chamber and in the 
cyclone furnace. 
suspension chamber and cyclone furnace i s  0.3.  

This shows t h a t  t he  degree of burn-up f o r  ash separated within 

( 4 )  Since the separat ion e f f ic iency  f o r  cyclone furnaces i s  ra ther  high 

During operation periods a t  ra ted capaci ty ,  the 

According t o  ca lcu la t ions ,  t he  t o t a l  f rac t ion  burned i n  the 

In experimental t e s t s  w i t h  another l i g n i t e  f luidized bed boi le r  o f  the same 

The r e s u l t s  of the data  f o r  the above two experiments a r e  bas ica l ly  the same. 

type, the f rac t ion  burned i n  the  cyclone furnace i t s e l f  was found t o  be 0.172. 

I t  can be seen from the  above summary t h a t  the t o t a l  f rac t ion  of combustion in 
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suspension chambers and cyclone furnaces in  f luidized bed boi le rs  i s  r e l a t i v e l y  high. 
Thus the organization of t h e  combustion process i s  highly s igni f icant  in  obtaining 
b e t t e r  bo i le r  combustion e f f ic iency .  

The separation eff ic iency f o r  cyclone furnaces, ' If ,  i s  the r a t i o  of ash 
separated in the cyclone furnace, A G ,  t o  ash leaving the cyclone furnace, G", plus 
the ash separated, A G ,  t h a t  i s  

A G  x 100% nf = G"+aG 

The unburned carbon content of the ash i s  included in  the above expression. The 
r e s u l t s  of the t e s t s  a r e  summarized in  Table 3. 

Table 3. Separation Efficiency f o r  a Cyclone Furnace a s  a 
Function of Ash P a r t i c l e  Size 

Granularity mm >1 0.5-1 0.28-0.5 0.09-0.28 <O.O9 

100 Separating 
eff ic iency nf % 93.7 75.3 39.3 13.7 

\ The average separat ing e f f ic iency  i s  about 50%. 

Conclusions 

( 1 )  Lignite of high moisture content i s  not an easy to  b u r n  f u e l .  A t  present ,  
fo r  typical indus t r ia l  bo i le rs  i n  our country, there  has not been a furnace-type 
which has the  a b i l i t y  t o  burn high moisture content l i g n i t e  f u e l s  economically 
with the exception of f luidized bed furnaces. Burning l i g n i t e  fuel in u t i l i t y  
boi lers  presents many s i g n i f i c a n t  d i f f i c u l t i e s  a l so .  
f luidized bed boi le rs  can successful ly  b u r n  low-grade l i g n i t e  fuel having moisture 
content u p  t o  56.82% or  ash content u p  t o  46.8%. 

Existing experiments show t h a t  

( 2 )  Rear-installed cyclone furnaces have an obvious e f f e c t  of increasing 
oombustion eff ic iency f o r  l i g n i t e  f lu id ized  bed bo i l e r s .  
f o r  bo i le rs  of such types may be a s  high a s  95%. 
prolonging the residence time of the medium p a r t i c l e s  which contain higher carbon 
content within the furnace. This c rea tes  b e t t e r  conditions f o r  carbon combustion. 
The to t a l  f rac t ion  of combustion in  the  suspension chamber and cyclone furnace i s  
about 0.3.  

The separation e f f ic iency  f o r  cyclone furnaces i s  about 50%. 
of par t ic les  having diameters la rger  than 0.5mm may be separated from the gas flow 
i n  the furnace. 
furnaces may be obtained from the  following formula. 

The combustion eff ic iency 
I t s  main function cons is t s  of 

( 3 )  The majority 

The approximate maximum p a r t i c l e  diameter leaving the cyclone 

w1 .4 R , , 2  0 .6  

Wi Ro r 
d:;: = 13.88 
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Figure 1. Fluidized-Bed Boiler with Rear-Installed 

Cyclone Furnace 

I collar 

Figure 2. Effect o f  Collars on the Aerodynamic Field 
in a Cyclone Furnace: (a) With Collar. 
( b )  Without Collar. 
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