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A SYSTEM FOR CONTROLLING THE INJECTION 
OF AN INERT GAS INTO THE AIR SUPPLIED A 
BURNER TO INHIBIT THE FORMATION OF NO 
As a result of the reaction of the nitrogen and oxygen 

contained in the air supplied for combustion of a fossil 
fuel nitricvoxide (NO) is formedvat a rate dependent 
upon; (1) ?ame temperature, (2) residence time of the 
combustion gases in the high temperature zone and, 
(3) excess oxygen supply. The rate of formation of NO 
increases as ?ame temperature increases. However, the 
reaction takes time and a mixture of nitrogen and oxy 
gen at a given temperature for a ‘very short time may 
produce less NO than the same mixture at a lower tem 
perature, but for a longer period. In vapor generators 
‘of the type hereunder discussion wherein the combus 

‘ tion of fuel and air may generate ?ame temperatures in 
‘ the 'order of 3,700° F ., the time-temperature relation 
ship ‘governing' the reaction is such that at ?ame tem 
peratures below 2,900° F. no appreciable NO is pro 
vduced, whereas above 2,900° F. the rate of reaction in 
creases rapidly. NO is an invisible, relatively harmless 
gas. However, as it passes through the vapor generator 
and comes in contact with oxygen it reacts to form N02 
(nitrogen dioxide) or other oxides of nitrogen collec 
tively referred to as NO,,. N02 is a yellow-brown gas 
which, in sufficient concentrations is toxic to plant and 
animal life. It is this gas which may create the visible 
haze at the stack discharge of a vapor generator. 

It is apparent from the foregoing discussion that the 
formation of NO, can be reduced by' reducing ?ame 
temperature in any degree and that the formation of 
NO, will be minimized with a ?ame temperature at or 
below 2,900° F. Such a reduction in flame temperature 
can be accomplished by introducing into the combus 
tion air supply an inert gas. 
Further, as more or less conventional in the art with 

vapor generators of the type hereunder discussion, hav 
ing'a super heater and reheater, the temperature of the 
vapor leaving the ‘reheater is usually controlled wholly 
or in part by introducing recirculated ?ue gas into the 
furnace, thus altering the heat-absortpion pattern 
within the generator. Conveniently, part or all of the 
recirculated v?ue gas used for the‘ control of reheat 
vapor temperature may also be used as a source of inert 
gas injected into the air supplied for combustion to re 
duce the ?ame temperature and consequently to re 
duce or eliminate the formation of N01. 
With the foregoing in mind it is a major object of this 

invention to provide a system for controlling the intro 
duction of recirculated ?ue gas into the combustion air 
supply to the furnace of a vapor generator for the pur 
pose of minimizing the formation of NO,,. 
A further object is to provide a control system pro 

portioning the recirculated ?ue gas between the fur 
nace and combustion air supply to both control the 
temperature of the vapor leaving the reheaterand for 
mation of N01. 

Still another object is to provide a control system in 
creasing the flowv of recirculated gas above that re 
quired for the control of the temperature of the vapor 
leaving the reheater if required for the control of NO,“v 
and thereafter controlling the reheat vapor tempera 

‘ ture by supplemental means. 

A further object of this invention is to provide a con 
trol system which maintains the required?ow of recir 
culated gas with‘ minimum power consumption and 
maximum ef?ciency. 

2 
Further objects of the invention will be apparent as 

the description proceeds in connection with the draw 
ings, in which: ' 

IN THE DRAWINGS 

FIG. 1 is a fragmentary, diagrammatic view of a 
vapor generating and superheating unit from which the 

' basic principles of my invention will be explained. 
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FIG. 2 is a fragmentary, sectional elevation of a por 
tion of an air?ow duct including an air foil. 
FIG. 3 is a sectional elevation of the air?ow duct 

taken in the direction of the arrows 3-3 in vFIG. 2. 
FIG. 4 is alogic diagram of a control system for the 

vapor generator shown in FIG. 1. 
FIGS. 5 and 6 are graphs used in explaining the oper 

ation of the control system of FIG. 4. 

DETAILED DESCRIPTION 
Referring to FIG. 1, I therein show in fragmentary 

and diagrammatic'form of vapor generator comprising 
a furnace 1 having ?uid-cooled walls and a plurality of 
heating surfaces over which the ?ue gases pass. Fuel 
and air are admitted to the furnace 1 through one or 
more burners such as shown at 2. Fuel to the burners 
is admitted through a fuel pipe 3 from a common 
header 4. While I have shown, for convenience, fuel oil 
burners, it will be apparent as the description pro 
ceeeds that the invention is equally applicable to the 
combustion of any other type of fossil fuel such as gas 
or coal. 

Air is supplied the burners 2 through a plenum cham 
ber, or burner windbox 5 from a forced draft fan 6 to 
which it is connected by way of a duct 7 and air pre 
heater 8. Disposed in a section of the duct 7 is an air 
?ow measuring section 9 to be described in greater de 
tail hereinafter. 
The products of combustion, or ?ue gas as it is com 

monly called, after leaving the furnace 1, pass through 
a series of heating surfaces arranged in a conventional 
order such as a secondary superheater 10, a reheater 
12, a primary superheater l4, and an economizer sec 
tion 16. It is to be understood that by “conventional” 
is meant the order probably most frequently found in 
‘the art, but not the exclusive order. The order may also 
be, for example, primary superheater, secondary super 
heater, reheater and economizer; or secondary super 
heater, primary superheater, reheater and economizer. 
The ?ue gases then pass through a duct 18, the air 
heater 8 and a duct 18A before being discharged into 
the atmosphere. 
The temperature of the vapor leaving the reheater 12 i 

is controlled wholly or in part by introducing ?ue gas 
into the _ 

The temperature of the vapor leaving the reheater 12 
is controlled wholly or in part by introducing ?ue gas 
into the furnace 1 thus altering the heat absorption pat 
tern within the vapor generator. As shown, ?ue gas is 
drawn through a duct 20, connected to the duct 18 by 
means of a recirculating fan 22 and discharged there 
from into the furnace 1 through a duct 24. The recircu 
lated gas is usually introduced into the furnace 1 in 
such a manner as to avoid interference with the com 
bustion of the fuel. 
The air?ow measuring section 9, shown in detail in 

FIGS. 2 and 3, comprises one or more air foils 28 hav 
ing a nose section 30 and a trailing recovery section 32. 
The air foil is hollow and extends from side to side of 
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the duct 7 as shown in FIG. 3. The air foil produces a 
pressure differential varying in functional relation to 
the rate of air?ow, which pressure differential is sensed 
at pressure taps P1, P2, connected to air?ow controller 
38 by tubes 34, 36 respectively. 
The control signal generated by the- controller 38 is 

ordinarily used in a combustion control system of one 
type or another. Representative of such a system I show 
in FIG. 4 an elementary and simpli?ed form a combus 
tion control system for a vapor generator such as shown 
in FIG. 1. In reference to FIG. 4 it should be noted that 
conventional control logic symbols have been used. 
The control components or hardware, as sometimes 
called, which such symbols represent are commercially 
available and their operation well understood by those 
familiar with the art. Furthermore I have used conven 
tional logic symbols to avoid identi?cation of the con 
trol system with any particular type of control such as 
pneumatic, hydraulic or electric, or a combination of 
these, as the invention may be incorporated in any one 
of these types. The primary controllers shown in FIG. 
4 have been referenced into FIG. 1 as have the ?nal 
control elements. 

In the combustion control system shown in FIG. 4 a 
pressure controller 92 generates a master control signal 
proportional to the pressure of the vapor leaving the 
secondary superheater 10, which through a propor 
tional plus integral unit 98 positions in parallel a 
damper drive unit 96 regulating the air supplied for 
combustion and a fuel control valve 94 regulating the 
fuel flow to burners 2 as required to maintain a prede 
termined vapor pressure. 
The signal generated by the controller 38 operates as 

a feed back signal and acting through a difference unit 
102 and proportional plus integral unit 106 establishes 
a fixed rate of air ?ow for each value of the control sig 
nal generated by the unit 98. A similar feed back signal 
is generated in a fuel ?ow controller 100 which through 
a proportional unit 103, difference unit 101, and pro 
portional plus integral unit 105 acts to establish a ?xed 
rate of fuel ?ow for each value of the control signal 
generated in unit 98. The system described is known as 
a parallel control system in that fuel and air are ad 
justed in parallel as required to maintain the vapor 
pressure at a predetermined value. As will be apparent 
to those skilled in the art various modifications, elabo 
rations, and additions to the elementary control system 
I have described are usually required to adapt the con 
trol to a speci?c generating unit of the type hereunder 
discussion. For example, Manual-Automatic Transfer 
Stations such as shown at 107 and 108 are usually in 
corporated in the system to facilitate transfer of the 
control from Automatic to Manual during periods of 
upset, startup, and the like. 

In addition to serving as a primary element generat 
ing a differential pressure varying in functional relation 
to the rate of air?ow through duct 7, the air foil 28 also 
serves as a means for efficiently and economically in 
jecting ?ue gas into the air supply. As shown the hollow 
interior of the air foil 28 is connected to a plenum 
chamber 44 into which the duct 26 discharges. Located 
in the recovery section 32 are a plurality of ports 40 
(collectively forming an ori?ce) through which the ?ue 
gas is discharged into the combustion air supply. By ar 
ranging the ports 40 in the recovery section immedi 
ately following the plane of maximum velocity, or the 
plane of the vena contracta, as it is sometimes called, 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
mixing of the ?ue gas and air occurs and a homoge 
neous diluted air mixture is thus available at burners 2. 
The ports 40 are preferably located close to but follow 
ing the plane of maximum velocity so that the air?ow 
measurement as indicated by the pressure differential 
between pressure taps P1 and P2 is not adversely af 
fected. 
By so locating the ports 40 the ?ue gas is aspirated 

into the air stream in proportion to the rate of air?ow 
and hence the proper ratio once having been estab 
lished (usually to produce a diluted mixture comprised 
of approximately 10 — 20 percent ?ue gas) is thereafter 
to some extent self regulating. While I have suggested 
a diluted air mixture comprised of 10 — 20 percent ?ue 
or other inert gas, it is apparent that this percentage 
may be varied as required to depress the ?ame temper 
ature suf?ciently to inhibit or reduce the formation of 
NO, to an acceptable level. 
While I have shown an air foil as a preferred form of 

primary element, my invention may be utilized with any 
other form of primary element such as a venturi, ?ow 
nozzle, or orifice. The technology for measuring flow 
with such devices is well established. With each such 
device the ?ow velocity is increased by means of a re 
striction in the ?ow path establishing a reduced pres 
sure which is at a maximum at the plane of maximum 
velocity. Regardless of the type of primary element 
used in accordance with my invention, the ports 40 are 
preferably located just downstream of the downstream 
pressure tap P2 where a condition of minimum static 
pressure exists without interfering with the flow mea 
suring device. 
The control system shown in FIG. 4 operates to con 

trol the ?ow of recirculated gas to maintain both a de 
sired reheat temperature and ?ame temperature. This 
requirement which the control system must meet will 
be appreciated by reference to FIG. 5. Typically, as 
shown by curve A the total gas recirculation required 
to maintain a desired reheat temperature varies in 
versely in non-linear relationship with generator rating. 
While the exact relationship varies from one type of 
generator to another, curve A may be taken as a gener 
alization of the inverse, non-linear relationship be 
tween gas recirculation required and generator rating 
to maintain a desired or predetermined reheat temper 
ature. 
As air required for combustion varies in substantially 

straight line relation to generator rating it is evident, as 
shown by curve B, that the ?ow of inert gas injected 
into the air supply will also vary in straight line relation 
with generator rating. The slope of curve B will vary de 
pending upon the composition of the air-gas mixture 
required to obtain a desired ?ame temperature. 
Also as shown in FIG. 5, the recirculated gas required 

to maintain a desired air-gas mixture may, at high rat 
ings, exceed that required for reheat temperature con 
trol. If such is the case the ?ow of recirculated gas is 
preferably adjusted as required to maintain the desired 
air-gas mixture and desired reheat temperature is main 
tained by supplemental means such as a spray attem 
perator. 
The system for controlling the ?ow of recirculated 

gas to maintain a desired reheat temperature, as shown 
in FIG. 4, utilizes the signal generated by the controller 
38 as a feed forward signal in that it is proportional to 
the rate of air supply for combustion and hence is es 
sentially proportional to generator rating. This signal 
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adjusts a damper-drive unit 48 in duct 20. A feed back 
signal generated a deviceSO measuring the current 
or power consumed by fan 22 is compared to the feed 

' forward signal in a difference unit 53. The current or 
power consumed by vthe fan is an index of the gas 
weight ?ow discharged by the fan. A similar control ar 
rangement could be applied using ‘any other index of 
gas ?ow, such' as the pressure drop ‘across an ori?ce or 
venturi. The error signal generated in unit 53 is then 
applied to a proportional plus integral unit 55 and 
damper-drive unit 48 is positioned until the error signal 
is reduced to zero.‘ _ e 

A signal proportional to the temperature, of the vapor 
leaving the reheater 12 is‘ generated in a temperature 
controller 52 and compared in a difference unit 110 
with a signal corresponding to the desired reheat tem 
perature as established by the adjustable set point sig 
nal generator 109. The error signalzgenerated in unit 
1 10 is then applied to a proportional plus integral unit 
54 which generates a signal'biasing the‘ feed forward 
signal in a summing unit'5l, so that during steady state 
conditions a correction to the feed forward signal from 
controller 38 is made to’maintain the reheat tempera 
ture at the desired value.~ 
As required, .various signal modifying and shaping 

components may be incorporated in the control. Thus, 
for example, the signal generated by the controller 38 
may bev biased upward or downward in unit' 56 and 
.scaled and inverted, if necessary, in a proportional unit 
.57. Hand-automatic Selector Station 60 may be incor 
porated in the control immediately preceding the 
damper-drive unit 48 whereby the control may be 
transferred to a manually generated signal duringperi 
ods of upset, start-up and the like. 
One major function of the control now to be de 

scribed is to maintain the desired relationship between 
the rate of air ?ow to the burners 2 and the rateat 
which ?ue gas is injected into the air?ow. In principle, 
the system comprises a constant ?ow control of the ?ue 
gas injected into the air supply at a rate having a ?xed 
proportion to the air?ow rate but having a set point 
which is adjusted-in functional relationship tochanges 
in the rate of air?ow. Accordingly throughout the load 
range of the vapor. generator a desired ?xed proportion ' 
between the rate of airflow and ?ue gas will be main 
tained. ' ‘ 
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erated in series sequence, the damper operated by unit 
68 remaining in an open position while the damper op 
erated by unit 72 is positioned from a closed position 
to an open position to satisfy the requirements for ?ue 
gas injection as generator rating increases, and thereaf 
ter upon further increases in generator rating the 
damper operated by unit 68 is positioned in closing di 

‘ rection to satisfy the requirements for ?ue gas injec 

10 
tion. The desired series operation of damper-drive units 
72 and 68 may be obtained by a bias unit 76 modifying 
the control signal to damper-drive unit 72 with respect 
to the control signal to damper-drive unit 68. 
Such operation of damper-drive units 68 and 72 will 

not adversely affect the total ?ow of recirculated gas 
required for ‘reheat temperature control, as for each 
value of the control signal to difference unit 53 a ?xed 

' total flow of recirculated gas is established regardless 
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A differential pressure controller 61 generates a con- . 
trol signal which is fed into a difference unit 62 into 
which is also fed a control signal generated by the ?ow 
controller 38 as scaled in a proportional unit 64. The 
pressure taps for the differential controller 61 are pref 
erably located so as not to be affected signi?cally by 
varying velocity. To this end, as shown in FIG. 1, one 
pressure tap to the controller 61 is made into the 
burner windbox 5 where the velocity heads that exist at 
the location of the air?ow measuring section 9 have 
been converted into static pressure and there is little or 
no effect from air velocity. The other pressure tap to 
the controller 61 is made into the duct 26 in an area of 
relatively low gas velocity with thus limited effect on 
static pressure. _ > 

The output signal (error signal) from difference unit 
62 ‘is applied to a proportional plus integral unit 66 and 
the output signal therefrom positions a damper-drive 
unit'68 located in duct 24 following the takeoff of recir 
culated gasinto duct 26 and a damper-drive unit 72 lo 
cated in duct 26. The units 68 and 72 are preferably op 

50 

55 

of changes in system resistance occasioned by position 
ing of the dampers operated by damper-drive units 68 
and 72. The operation of the control so far described 
maintains a substantially constant differential pressure 
of predetermined value as'established by adjustment of 
the proportional plus integral unit 66. ' 
As shown in FIG. 6, the ?ow of recirculated gas into 

the air supply may, in certain instances, increase in pro 
portion to generator rating, not withstanding the differ 
ential pressure is maintained constant, by virtue of the 
aspirating effect heretofor described. As an example, 
FIG. 6 shows that a substantially constant differential 
pressure of 'zero value maintained a diluted air mixture 
comprised of approximately 10 percent ?ue gas. Fur 
ther, as shown by FIG. 6, the differential'pressure to 
maintain any other dilute air mixture is in substantially 
straight line relation to generator rating, the differen 
tial pressure decreasing with rating for low dilutions 
and increasing with rating for high dilutions. It should 
be understood that the curves shown in FIG. 6 have 
been arbitrarily drawn to illustrate the fact that the dif 
ferential required to maintain a desired dilute air mix 
ture is a function of rating, the precise relationship for 
any particular generator having to be determined by 
test. i »- " i .. ‘ 

' As shown in FIG. 4 the desired relationship between 
differential pressure and generator rating is obtained by 
introducing-into the difference unit 62 the ‘control sig 
nal generated by controller 38 after modi?cation'by a 
proportional unit 64. Thus the‘ control operates to 
maintain a differential pressure as established by the 
output signal from proportional unit 64. By adjustment 
of proportional unit 64 the differential pressure main 
tained may be made to ?t any one of a family of curves 
such as shown in FIG. 6. 
A feed forward signal from controller 38 is intro 

duced into the control for damper-drive units 68 and 
72 at a summing unit 70 after being modi?ed in propor 
tional unit 63. Thus during transient conditions an ap 
proximately correct adjustment is made to the injection 

‘ of recirculated gas which is followed, during steady 
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state conditions, by a precise correction initiated by the 
differential pressure controller 61. 
Under exceptionally high loads, as previously men 

tioned, and as illustrated by curve A of FIG. 5, the rate 
.of flow of recirculated gas necessary to maintain de 
sired reheat temperature may not be. suf?cient to sat 
isfy the requirements for gas injection into the air sup 
ply. When such a condition exists precedence is given 
to the ‘requirement for gas injection and reheat temper 
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ature is maintained by supplementary means such as 
the spray attemperator 121 to which cooling ?uid is 
supplied from any suitable source (not shown). The rel 
ative requirements of recirculated gas for reheat tem 
perature control and gas injection are determined by 
comparing the values of the signals out of summing 
units 70 and 51 in a high signal selector 78. The signal 
from summing unit 70 is correlated with that from sum 
ming unit 51 by bias unit 74 and proportional unit 58. 
Normally the control signal from summing unit 51 will 
be greater than that from proportional unit 58 so that 
the total ?ow of recirculated gas is adjusted as required 
to maintain desired reheat temperature, upon this 
being exceeded by the requirement for ?ue gas injec 
tion the control signal from porportional unit 58 will be 
the greater and the total flow of ?ue gas will be ad 
justed as required for gas injection. 
During such periods when the ?ow of ' recirculated 

gas exceeds that required for reheat control, the output 
signal from proportional plus integral unit 54 will be of 
such value as to operate spray attemperator 121 as re 
quired to maintain the desired reheat temperature. As 
shown the output signal from unit 54 may be modi?ed, 
if required, by a bias unit 120. 
Hand-Automatic Stations as shown at 80 and 82 may 

be provided to transfer control of damper-drive units 
68 and 72 respectively to manual control and vice 
versa. Also shown in FIG. 4 are transfer stations 84 and 
86 which under emergency conditions transfer posi 
tioning of damper-drive units 68 and 72 to preset posi 
tions in accordance with signal generated in signal gen 
erators 88 and 90. 

In the foregoing description mention has been made 
of various signal modifying units such as proportional 
and bias units primarily to indicate that such compo 
nents as required to adapt the control to any specific 
application may be provided as will be understood by 
those familiar with the art. As further examples of such 
components there is shown at 104 an adjustable pro 
portional unit whereby the signal generated in control 
ler 38 may be properly correlated with the output sig 
nal from proportional unit 103 so that air to the burners 
2 will be maintained in desired ratio to fuel ?ow. A 
I-land'Automatic Selector Station 99 may be provided 
for simultaneously transfering‘fuel and air to hand con 
trol and vice versa. 

It will be apparent that the control arrangement 
shown is by way of example only and that various modi 
?cations can be made within the scope of the invention 
as de?ned in the appended claims. 

I claim: 
1. In a combustion control system for a vapor genera 

tor having a furnace to which fuel and air supplied 
through a burner and wherein ?ue gas discharged from 
the vapor generator is injected into the air supplied the 
burner to depress the ?ame temperature and the for 
mation of NO,, in combination, means establishing a 
?rst control signal corresponding to the rate of ?ow of 
flue gas into the air supply and means under the control 
of said ?rst control signal maintaining a constant rate 
of flow of ?ue gas into the air supply. 

2. A control system in accordance with claim 1 in 
cluding means measuring the rate of air ?ow to the 
burner, means responsive to said last named means es 
tablishing a second control signal corresponding to the 
rate of air ?ow to the burner and means establishing the 
constant rate of ?ow maintained by said ?rst control 
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8 
signal responsive to said second control signal whereby 
the rate of flow of ?ue gas injected into the air supply 
is maintained in functional relationship with the rate of 
air ?ow to the burner. 

3. A control system in accordance with claim 2 
wherein the vapor generator is provided with a first 
duct and fan means in said duct for recirculating ?ue 
gas discharged from the vapor generator into the fur 
nace to alter the heat absorption pattern within the 
vapor generator, a second duct connected to said first 
duct on the discharge side of said fan for injecting ?ue 
gas into the air supply, and wherein the means under 
the control of said ?rst signal is a ?rst damper-drive 
unit located in said second duct. 

4. A control system in accordance with claim 3 
wherein the vapor generator is provided with a third 
duct and a fan connected to said duct for supplying air 
to the burners and wherein the means for measuring 
rate of air ?ow comprises an air foil located in said duct 
and means for measuring the differential pressure pro 
duced by the air foil. ' 

5. A control system in accordance with claim 4 
wherein the air foil extends from side to side of the air 
duct, the ?ue gas is injected into the air supply from the 
interior of the air foil through a plurality of ports lo 
cated in the recovery section of the air foil and said 
means for measuring the rate of ?ue gas injection into 
the air supply comprises means for measuring the dif 
ferential across said ports. 

6. A control system according to claim 5 wherein the 
vapor generator is provided with a reheater and a sec 
ond damper-drive unit is located in said first duct ahead 
of said fan means, means measuring the temperature of 
the vapor leaving the reheater, and means responsive 
to said measuring means generating a third control sig 
nal corresponding to the temperature of the vapor con 
trolling the positioning of said second damper-drive 
unit as required to maintain the reheated vapor at a 
predetermined temperature. 

7. A control system according to claim 6 further 
comprising means measuring the rate of ?ow of recir~ 
culated gas, means responsive to said last named means 
generating a feed back signal corresponding to the rate 
of ?ow of recirculated gas, a difference unit responsive 
to said third control signal and said feed back signal 
‘producing an error signal proportional to the difference 
between said third signal and said feed back signal, and 
a proportional plus integral unit responsive to said 
error signal generating a fourth control signal control 
ling the positioning of said second damper-drive unit. 

8. A control system according to claim 7 further 
comprising a high signal selector responsive to said first 
and third control signals transferring the control of said 
second damper-drive unit from said third to said first 
control signal whenever said ?rst control signal is 
greater than said third control signal. 

9. A control system according to claim 3 further in 
cluding a third damper-drive unit in said ?rst duct be 
tween said furnace and the connection to said second 
duct, and wherein said ?rst control signal ?rst operates 
said ?rst damper-drive unit to an open position as the 
requirement for ?ue gas injection into the air supply in 
creases and thereafter operates said third damper-drive 
unit to a closed position upon further increases in the 
requirement for ?ue gas injection. 

10. A control system according to claim 8 further in 
cluding supplemental means for regulating reheat tem 
perature responsive to said third control signal when 
said ?rst control signal is greater than said third control 
signal. 

* i ll! * * 


