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57 ABSTRACT 

A combustion chamber with a fluidised burner bed, 
preferably for gas turbines, comprising means for con 
trolling the supply of fuel, combustion air and a cool 
ing medium for the fluidised bed to maintain a prede 
termined proportional relationship therebetween con 
stant under varying load conditions. 

9 Claims, 1 Drawing Figure 
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COMBUSTION CHAMBER FOR GASTURBINES 
AND THE LIKE HAVING A FLUDZED BURNER 

BED 

BACKGROUND OF THE INVENTION 

In the operation of gas turbines, for example, there 
has been a frequent demand for any kind of fuels in 
cluding particulate solid fuel. However, so far, the lat 
ter has only reached an experimental stage owing to the 
difficulties associated with effective purging of the 
combustion gases. The ashes whirled up or fluidized in 
and accompanying the combustion gases have caused 
erosion as well as deposits on the turbine Vanes, which, 
seems to be due among other things to the fact that the 
combustion temperature in burners heretofore used is 
so high that the ashes melt and thus acquire a glazed 
character and a consequently high grinding capacity. 
Therefore, it has been proposed recently to use com 
bustion chambers with a fluidised bed burner combined 
with a cooling system. 
Combustion chambers with a fluidised bed burner, in 

which the combustion takes place in a bed of solid 
cominute or granulated material, which is fluidised in 
air, produce an advantageously efficient combustion at 
a moderate temperature and with a moderate amount 
of excess air. Consequently the ash is not melted down 
but retains a substantially soft consistency. 
Furthermore, this combustion chamber is capable of 

burning gaseous and liquid full as well as particulate, 

O 

2 
cooling air under varying load conditions, which essen 
tially means a constant temperature in the combustion 
chamber. In practice, however, certain minor varia 
tions may be justified. 
The proportion between the amounts of combustion 

air and cooling air should suitably be of the order of 1:2 
and the temperature of the combustion chamber with 
the proper amount of fuel should range between 
700-950°C. Within this temperature range there is no 
melting of the ash which therefore is retained as a soft, 
amorphous powder with a low erosion capacity and a 
low tendency to become sticky and to form deposits. 
The cooling air and the combustion gases can be 

mixed after their passage through the combustion 
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solid fuel. A disadvantage results from the difficulty of 30 
controlling the combustion under varying load condi 
tions. One possibility of controlling the combustion is 
to divide the chamber into sections which can be selec 
tively connected and disconnected as shown, for exam 
ple, in U.S. Pat. No. 2,842,102. However, this arrange 
ment results in a discontinuous control. Another possi 
bility is to vary the depth of the fluidised bed so that the 
bed material is either discharged or recharged with 
consequent complications. 
Another problem is the cooling which is normally ef 

fected partly by water and partly by steam, the combus 
tion chamber thus operating as a boiler. This normally 
means that water in the cooling system must be drained 
off or blown out when the combustion chamber is tem 
porarily inactivated, so that the fluidised bed will be 
able to maintain its temperature until reactivated 
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whereupon the cooling system must be recharged. For 
this reason, this type of combustion chamber is imprac 
tical for intermittent operation. 

SUMMARY OF THE INVENTION 

The present invention eliminates these disadvantages 
and makes it possible to operate a fluidisation 
combustion chamber having a fluidized burner bed of 
constant temperature and bed depth, while still achiev 
ing a high degree of control of the combustion within 
wide limits and permitting intermittent operation. 
The important feature of the combustion chamber 

according to the invention resides in the fact that its 
cooling system works with air or some other gaseous 
medium that a predetermined relation is constantly 
maintained between the amounts of combustion air and 
cooling air. THe amount of fuel is thus adjusted to the 
amount of combustion air under varying load condi 
tions. 
The invention contemplates the maintenance of a 

predetermined proportion between combustion air and 

50 

55 

60 

65 

chamber and be supplied, for example, to a gas turbine 
as a single stream. Another possibility is to keep the 
two air streams separated and conduct each of them 
separately to its respective gas turbine, and in this man 
ner the stream of cooling air with its turbine can then 
be maintained as a purged system. The combustion 
gases must be separated from ashes and fluidized parti 
cles from the burner bed in a dust separator, for exam 
ple a cyclone, but as mentioned above the combustion 
gases constitute a minor part of the total air current. 

BRIEF DESCRIPTION OF THE DRAWING: 

The invention will be further explained with refer 
ence to the accompanying drawing which illustrates di 
agrammatically a combustion chamber embodying the 
invention. 

DESCRIPTION OF A PREFERRED AND A 
MODIFIED EMBODIMENT 

From a compressor or an air storage (not shown) the 
air enters the conduit 1 through the control valve 2. If 
the air should come directly from a compressor, it may 
be advantageous to supplement the valve 2 with a 
damper (not shown) the passage from the compressor. 
The air is passed to a space 3 between an outer and 
inner turbine casing and from there into the outer cas 
ing 4 where the air is divided into combustion air and 
cooling air. 

In the lower part of the casing 4 the combustion air 
is passed through adjustable dampers or valves 5 into 
the bottom of the proper combustion chamber 6. Here 
the air passes up through a perforated bottom 8 and 
into the fluidised bed 9 consisting of a particulate, solid 
material which is whirled up in the form of a suspended 
fluidised bed by the combustion air flowing there 
through. A fuel pipe 7 with a fuel dispenser head at the 
upper end supplies said fluidised bed, with the fuel and 
possibly also with new bed material. 
As mentioned herein, the fuel may be gaseous or liq 

uid, but also solid, crushed fuel is feasible. The fluidised 
bed has the advantage of being capable of burning a 
Somewhat more coarse-grained fuel than that used in 
burners for pulverized coal such as boilers. By a suit 
able choice of bed material, it is also possible to obtain 
a considerable absorption of adventitious substances in 
the fuel. For example bed material containing lime 
Stone is capable of absorbing sulphurous compounds in 
the fuel, and in this case the sulphur-saturated bed ma 
terial must be discharged from the upper part of the 
bed and new material be added to the lower part. 
From the bed 9 the flue-gas passes up through the 

dust separator, suitably cyclone separators 10 with ex 
haust pipes 18 in the bottom, through which ash and 
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whirled-up bed material are separated. From the sepa 
rators the purified gas is passed out into the space 11 
between the inner combustion chamber 6 and the inter 
mediate casing 19, from where the flue-gas passes 
through the pipe 12 to the gas turbine 20. 
The cooling air rises from the bottom of the outer 

casing 4 through the space 13 between the outer casing 
4 and the intermediate casing 15 which is provided at 
the top with a control damper 14. From here the cool 
ing air passes through the space 16 between the inter 
mediate casings 15 and 19 and downwards to cooling 
pipes 17 which conduct the air through the fluidised 
bed 9 and opens out into the space 11 between the 
combustion chamber 6 and the intermediate casing 19. 
Here the cooling air is mixed with the flue-gas which 
emanates from the separators 10 and the entire amount 
of air passes through the pipe 12 to the turbine 20. 
As mentioned earlier, it is most important that the 

amounts of cooling air and combustion air have a con 
stant proportion relative to each other, which can be 
achieved by means of an exact, relative adjustment of 
the regulating dampers 5 and 14. If, the efficiency of 
the combustion chamber and consequently that of the 
turbine, should thereafter be varied by adjusting the 
regulating valve 2, said proportion between the 
amounts of air will remain substantially constant as will 
also the temperature of the combustion chamber. 
The supply of fuel to the fluidised bed through the 

pipe 7 must be carefully regulated to follow the regula 
tion of the air, which has been indicated purely symbol 
ically in the FIGURE by connecting the fuel valve 21 
in the pipe 7 to the air valve 2 in the pipe 1. 
A certain, minor variation of the above-mentioned 

proportions in the amounts of air under varying load 
conditions is conceivable which can be done by finely 
adjusting one of the dampers 5 or 14 in relation to the 
adjustment of the air valve 2. 

It has been found that a combustion chamber tem 
perature of about 850 and a proportion of 1:2 between 
the amounts of combustion air and cooling air consti 
tute a suitable adjustment combination. 
Also shown on the drawing is a by-pass tube 25 hav 

ing a valve 26 which connects the outer casing 4 with 
the outlet pipe 12. In this manner it is possible, in the 
event of an emergency stop or a sudden stop, to short 
circuit the fluidised bed itself as well as to supply cold 
air to the turbine 20 by opening the valve 26, thus rap 
idly decreasing the power output of the turbine espe 
cially if it operates its own compressor. Simultaneously 
the valves 2 and 21 are throttled. 

In the above-mentioned description it has been as 
sumed that cooling air and combustion air emanate 
both from the same source and proceed to the same 
consumer, but it is also conceivable to keep the air 
streams separated, either only at the outlet side or at 
both the inlet and outlet sides. 
For this purpose there may be an additional interme 

diate casing 22 (dashed line) surrounding the outlets 
from the tubes 17 and from where the purged, hot cool 
ing air is passed through a pipe 23 to a turbine (not 
shown) which will thus operate with purged, hot air. 
The cooling air may be taken from a separate air source 
through an intake 24 (dashed line), in which case the 
outer casing 4 becomes substantially unnecessary. 

In this manner, the cooling system is capable of work 
ing at another, preferably higher, pressure than the 
combustion chamber, but still the proportional rela 
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4. 
tionship between the two volumes of air is maintained. 
However, this arrangement makes the control some 
what more complicated. 

It is also conceivable to interconnect the regulating 
valves for the fuel and the two air streams. Another 
possibility is to control the stream of cooling air in rela 
tion to the combustion chamber temperature so that 
the latter is kept constant, which essentially also means 
a constant proportional relationship between the vol 
umes of air. 
By reason of the separate cooling air system accord 

ing to the invention other gases than atmospheric air 
may be used for cooling; even and also water vapour is 
conceivable. The combustion chamber then acquires 
the character of a superheater for a steam system, for 
example a steam turbine. 

I claim: 
1. A combustion chamber for operating gas turbines 

and the like; comprising: 
a. a burner housing; 
b. a fluidized bed of particulate material within said 
burner housing; 

c. means for purging the combustion gas from said 
burner housing, 

d. a chamber surrounding said burner housing for re 
ceiving purged combustion gas from said burner; 

e. means for injecting fuel into said burner; 
f. means for introducing combustion air into said 

burner; 
g. a cooling chamber for receiving a cooling medium 
surrounding the purged combustion gas chamber; 

h. means for introducing a cooling medium into said 
cooling chamber; 

i. means for passing said cooling medium in a con 
fined path through said fluidized bed in heat rela 
tionship therewith; 

j. means for passing said cooling medium and said 
purged combustion gas to a power out-put station, 
and 

k. means for maintaining a predetermined propor 
tional relationship between combustion air and 
said cooling medium constant regardless of varying 
power out-put demands and to maintain the fluid 
ized bed temperature within a predetermined 
range. 

2. A combustion chamber according to claim 1, hav 
ing second control means for simultaneous regulation 
of the volumes of combustion air and cooling medium 
on the one hand and the amount of fuel on the other. 

3. A combustion chamber according to claim 1, in 
which the volume of combustion air and cooling me 
dium are controlled to maintain a combustion tempera 
ture ranging between 700-950°C. 

4. A combustion chamber according to claim 1, in 
which the volumes of combustion air and cooling me 
dium are controlled to maintain a proportional rela 
tionship on the order of 1:2. 

5. A combustion chamber according to claim 1, in 
which the cooling medium constitutes air emanating 
from the same source as the combustion air. 

6. A combustion chamber according to claim 5, in 
which a portion of the air emanating from the same 
sources is introduced into the cooling chamber as cool 
ing medium and another portion thereof is introduced 
into the fluidized bed as combustion air; the cooling air 
upon having passed through the fluidized bed being re 
ceived in said purged combustion gas chamber and 
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mixed therein with the combustion gas and passed as a 
combined entity to the power out-put station. 

7. A combustion chamber according to claim 6 which 
is provided with an outer housing surrounding said 
cooling chamber forming a passage for the air emanat 
ing from the common source which is introduced into 
the fluidized bed and into the cooling chamber respec 
tively at a predetermined controlled rate. 

8. A combustion chamber according to claim 7, in 
which a valved by-pass passage is provided in said outer 
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6 
housing for short-circuiting the fluidized bed and pass 
ing the air in the outer housing directly to the power 
out-put station for rapid reduction of the power out-put 
thereof. 

9. A combustion chamber according to claim 1, in 
which a separate casing is provided surrounding said 
burner housing for confining the heated cooling me 
dium and having means for passing it separately to a 
different power out-put station. 
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