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METHOD AND DEVICE FOR CONTROLLING
NOX EMISSIONS BY VITIATION

BACKGROUND OF THE INVENTIO

1. Field of the Invention '

This invention relates to a method and device for
controlling NOx emissions by vitiation. More particu-
larly, this invention relates to a method and device for
controlling NOx emissions by vitiation of combustion
sustaining air with a controlled amount of products of
combustion.

2. Description of the Prior Art

The concept of vitiation of combustion air with prod-
ucts of combustion to control NOx emissions is known.
The products of combustion are used as a source of inert
gas introduced into the air supplied for combustion to
reduce or eliminate the formation of NOx. The prod-
ucts of combustion dilute the oxygen content, thereby
lowering the concentration of oxygen in the combus-
tion air. The resulting products of combustion/combus-
tion air mixture reduces the flame temperature of a
burner thereby controlling the evolution and, in turn,
the emission of NOx.

Using this general principle, numerous attempts have
been made to reduce and minimize the formation of
oxides of nitrogen from the fuel and air during combus-
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tion by vitiation of combustion air with products of -

combustion. The present invention is a method for sim-
ply and efficiently controlling vitiation of combustion
air to reduce or eliminate NOx formation. More particu-
larly, the present invention relates to a method and
device for controlling the quantity of recirculating
products of combustion as a function of at least one of
air preheat temperature, fuel input rate and furnace
temperature to provide a reduction in NOx emissions in
either a regenerative burner system, non-regenerative
burner system, direct fired, or radiant tube fired system.

Accordingly, it is an object of the present invention
to provide a method for reducing NOx emissions by
controlling the amount of products of combustion recir-
culated to the furnace as a function of at least one of
furnace temperature, air preheat temperature and fuel
flow rate. Another object of the present invention is to
provide an NOx reduction system and method for re-
ducing NOx emissions which can be incorporated into
both regenerative and non-regenerative, and both direct
fired and radiant tube fired burner systems.

SUMMARY OF THE INVENTION

Briefly, according to this invention, there is provided
a method and device for controlling the quantity of
products of combustion vitiated with the combustion air
as a function of at least one of air preheat temperature,
furnace temperature and fuel input rate throughout the
firing range of the burner. A furnace for controlling
flame temperature and emission of NOx includes a
burner to which fuel and air are supplied to create com-
bustion and from which spent products of combustion
are discharged, the air being vitiated with the products
of combustion. A means for sensing furnace operating
parameters including a flow rate sensor for sensing a
flow rate of fuel to the burner and a first temperature
sensor for sensing furnace temperature is provided. A
means for controlling the amount of products of com-
bustion vitiated with the air is also provided and is in
communication with the sensing means such that the
amount of products of combustion vitiated with the air
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2

may be controlled as a function of at least one of the rate
of flow of fuel to the burner, the furnace temperature,
and the air temperature. The control means is respon-
sive throughout the firing range of the burner.

BRIEF DESCRIPTION OF THE DRAWING

Further features and other objects and advantages of
this invention will become clear from the following
detailed description made with reference to the drawing
of a regenerative burner system utilizing the teachings
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to the drawing, wherein like reference
characters represent like elements. The drawing shows
a system for controlling vitiation of combustion air with
recirculated products of combustion for combustion.
Before proceeding further, it should be understood that
the drawing illusirates the main elements in a regenera-
tive burner system employing the teachings of the pres-
ent invention. For purposes of clarity, elements of a
regenerative burner system well known to one skilled in
the art have been omitted from the detailed description
and drawing of the present invention. For example,
furnace pressure valves and other basic cycling valves
not directly related to the present invention are not
illustrated in detail. Furthermore, so that the features of
the present invention may be more fully appreciated,
the present invention is only shown in connection with
a regenerative burner system, but it will be appreciated
by one skilled in the art that the present invention may
also be used in association with a non-regenerative,
direct fired, or radiant tube fired system equally as well.

The drawing shows a furnace 10 including a furnace
chamber 12 and a pair of regenerative burners 14 and
15. Burner 14 is in the firing mode and burner 15 is in
the regenerating mode. Each regenerative burner is
connected to an immediately adjacent regenerative bed
16 through which a combustion sustaining mixture of
combustion air/products of combustion pass. The com-
bustion sustaining mixture is provided to one burner at
a time so that when the left burner 14 is firing, the right
burner 15 functions as a flue for the furnace chamber 12.
When the left burner 14 fires, the regenerative bed 16 of
the right burner 15 collects heat from the products of
combustion flowing from the left burner 14. When flow
in the furnace 10 is reversed, the right regenerative bed
16 preheats combustion air for the left regenerative
burner 15.

The burners 14 and 15 as shown, each include a fuel
nozzle 18 which introduces fuel into a burner body 20
for combustion. The fuel nozzle 18 may be either insu-
lated or air cooled by means known in the art. The
burners 14 and 15 are constructed of a fabricated metal
outer casing and are fully insulated with a suitable insu-
lating material. The fuel nozzles 18 are fabricated of
standard materials including metals, such metal struc-
tures are either adequately insulated or air cooled when
fully exposed, or are embedded in or shielded with
refractory material. Refractory materials are well
known in the art and generally include ceramic compo-
sitions prepared to specifications required for particular
process applications. The materials suitable for use in
the fabrication of the regenerative bed 16 are also
known in the art. The fuels which can be used in the
furnace for combustion include gas and oil.
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In a dual burner regenerative system, in which the
left burner 14 is firing and the right burner 15 is acting
as an exhaust, products of combustion formed by the
combustion of a fuel in the left burner flow from furnace
chamber 12 into regenerator bed 16 of right burner 15
wherein heat is absorbed into the regenerative bed.
Products of combustion then flow by way of conduit 22
through first reversing valve 24 and then through first
and second control valves 26 and 27 to products of
combustion blower 28. The products of combustion
flowing from products of combustion blower 28 may
flow through conduit 29 to a stack to be exhausted or
flow through conduit 31 and vitiation control valve 32
to air/products of combustion blower 34. The air/-
products of combustion blower 34 is in communication
with an external air source and induces products of
combustion from vitiation control valve 32 to mix and
vitiate external air. It will be appreciated that when
vitiation control valve 32 is open, air/products of com-
bustion blower 34 creates a vacuum in conduit 31 draw-
ing products of combustion toward blower instead of
through exhaust conduit 29. Vitiated combustion air
flows from air/products of combustion blower 34
through conduit 35, third control valve 36 and to sec-
ond reversing valve 25. The air/products of combustion
blower 34 operates to feed the vitiated air at a given
mass-flow rate under pressure to the burner 14 to which
fuel is also fed at a constant mass-flow rate. The vitiated
combustion air then flows from reversing valve 25 back
to left burner 14 as the combustion sustaining air mix-
ture.

The valves used in the present invention may be gate
valves and the like and are modulated by means of
suitable motors (not shown).

Fuel from a fuel source flows through a conduit 40,
fuel control valve 42 to a tee 43 and then to either first
fuel valve 44 or second fuel valve 45. As shown, fuel
valve 44 is in the open position to direct fuel to left
firing burner 14 for combustion. It will be appreciated
that when right burner 15 is firing and left burner 14 is
acting as a flue, fuel valve 45 is switched to the open
position and fuel valve 44 is switched to the closed
position to divert fuel to the right burner and reversing
valves 24 and 25 are reversed to divert vitiated combus-
tion air to the right burner 15 and products of combus-
tion from the left burner 14 to products of combustion
blower 28 through conduit 22 as previously described.

Vitiation of the combustion air is controlled by a
micro-computer 46. The micro-computer evaluates
various operating furnace parameters supplied by sen-
sors positioned within the furnace system to determine
the ideal quantity of vitiated combustion air to be sup-
plied to the burner to minimize NOx emissions. Each of
the valves 24, 25, 26, 27, 32, 36, 44 and 45 of the furnace
are in communication with an output 48 of the mi-
crocomputer 46. The output of the micro-computer is
connected to the motor-operated valves through an
appropriate commercially available interface card.

The sensors are positioned throughout the furnace to
measure flow rate, temperature, oxygen concentration
and pressure. Each of the sensors may be electrically,
pneumatically or optically connected to an input 60 to
the micro-computer.

A first temperature sensor 50, as shown, is in commu-
nication with the furnace chamber 12 to monitor fur-
nace temperature and thereby determine the substan-
tially equivalent regenerative air preheat temperature.
It will be appreciated that in a recuperative system an
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additional temperature sensor will be needed to monitor
air preheat temperature because air preheat temperature
may vary while furnace temperature is constant. A
second 51, third 52 and fourth 53 temperature sensor are
also interposed within conduit 22 between first revers-
ing valve 24 and first control valve 26, vitiation control
valve 32 and air/products of combustion blower 34, and
third control valve 36 and first reversing valve 24, re-
spectively.

Three flow rate sensors are positioned throughout the
furnace. A first flow rate sensor 55 is interposed within
conduit 40 between fuel source and fuel control valve
42 to monitor fuel flow rate. A second and third flow
rate sensor 56 and 57 are interposed within conduit 31
between third temperature sensor 52 and air/products
of combustion blower 34 and between third control
valve 36 and fourth temperature sensor 53, respectively.
A first oxygen level sensor 58 is interposed within con-
duit between first and second control valve 26 and 27,
respectively. The first oxygen sensor 58 monitors the
quantity of oxygen available in the products of combus-
tion flowing from the burner 14 to support further com-
bustion. A second oxygen sensor 61 is positioned be-
tween air/products of combustion blower 34 and con-
trol valve 36. Second oxygen sensor 61 monitors oxy-
gen in the vitiated air stream and communicates the
measured process variable to the micro computer 46. A
pressure sensor 47 is positioned within furnace chamber
12 and communicates the measured pressure within the
chamber to the micro computer 46. The output signals
from the sensors are transmitted to the micro-computer
46 through input cables 60. The micro-computer, in
response to the input signals from the sensors, controls
the mass balance of oxygen to fuel within the burner 14
by regulating the amount of products of combustion
recirculated as a function of at least one of furnace
temperature, fuel flow rate, and air preheat tempera-
ture, and by controlling the total vitiated air stream
flow to the burner with third control valve 36.

The micro-computer 46 is programmed to control the
vitiated airstream of oxygen content to fuel by the equa-
tion Qrpoc=2(Qp? (T ). The constants a, b, c are deter-
mined through theoretical analysis and performance
characteristics of the specific burner and regenerator
design utilized. Qrpoc represents the amount of prod-
ucts of combustion recirculated, Qrrepresents fuel flow
rate and Tg. represents the temperature of the furnace.
It will be appreciated that the ideal quantity of recircu-
lated products of combustion may be expressed by the
above equation or set forth in a dimensional array that
has furnace temperature vs. firing rate and the appropri-
ate ratio of ideal products of combustion recirculated to
air flow. As previously mentioned, in a recuperated
system the air preheat temperature is not necessarily a
function of the furnace temperature thereby requiring
separate temperature measurements for the furnace and
preheated air. Therefore, in a recuperated system, the
equation would be Qroc=2 (Qp® (Tre)® (Tair)?. The
constants a, b, ¢, and d are also determined through
theoretical analysis and performance characteristics of
the recuperated system. T represents air preheat tem-
perature. The array of data would be a three dimen-
sional array.

After the micro-computer 46 has been programmed
with the optimal combinations of air and products of
combustion as a function of temperature and flow rates,
the micro-computer synthesizes the information from
the sensors to determine the proper quantity of vitiated
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air flowing to the burner 14. More particularly, the
amount of vitiation is controlled by the micro-computer
electromechanically adjusting the valves of the furnace
10 until the preprogrammed ideal relationships between
flow rates, temperatures and oxygen level as sensed by
the flow rate sensors 55, 56, and 57, temperature sensors
50, 51, 52, 53 and oxygen sensors 58 and 61 are
achieved.

The fuel flow is regulated by fuel control valve 42 in
response to the fuel flow rate determined by the micro-
computer 46. Vitiation control valve 32 regulates the
amount of products of combustion recirculated to the
burner 14 in response to the furnace temperature and
fuel flow rate transmitted by temperature sensor 56 and
fuel flow rate sensor 55 to the micro-computer 46.
Third control valve 36 controls the required quantity of
vitiated air flowing to the burner 14 in response to the
required flow rate determined by the microcomputer
46. The first and second control valves 26 and 27 con-
trol the flow of products of combustion to products of
combustion blower 28 from the burner 15.

In accordance with the invention, the optimal ratio of
mass flow of recirculated products of combustion to air
may be determined and then fed under pressure, as the
combustion sustaining air to the burner 14 where it is
burned. Furthermore, variations in furnace tempera-
ture, flow rate and oxygen level may be detected and
the ratio of the above mentioned mass flows simply and
efficiently controlled in response to a change in temper-
ature, flow rate and oxygen level to control NOx emis-
sions.

Having described presently preferred embodiments
of the invention, it is to be understood that it may be
otherwise embodied within the scope of the appended
claims.

I claim:

1. A furnace for controlling flame temperature and
emission of NOx comprising:

a. at least one burner to which fuel and air are sup-
plied and products of combustion are discharged,
wherein said air is vitiated with said products of
combustion; and

b. means for controlling the amount of vitiation with
said products of combustion as a function of at least
two of an air preheat temperature, a furnace tem-
perature and a fuel flow rate.

2. The furnace as set forth in claim 1 wherein the
amount of vitiation is controlled as a function of furnace
temperature or air preheat temperature and fuel flow
rate.

3. The furnace as set forth in claim 1 further compris-
ing:

a. a means for sensing furnace operating parameters
including a flow rate sensor for sensing a flow rate
of fuel to said burner and a first temperature sensor
for sensing furnace temperature; wherein said
means for controlling the amount of products of
combustion vitiated with the air is in communica-
tion with said sensing means such that the amount
of products of combustion vitiated with the air is
controlled as a function of at least two of the rate of
flow of fuel to said burner, the furnace temperature
and air preheat temperature, said control means is
responsive throughout a firing range of said burner.

4. The furnace set forth in claim 3 wherein said con-
trolling means includes a valve means for directing and
modulating the flow of fuel, air and vitiated air to said
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furnace and a micro-computer in communication with
said valve means.

5. The furnace set forth in claim 4 wherein said sens-
ing means is connected pneumatically, optically, or
electrically to an input of said micro-computer.

6. The furnace set forth in claim 5 wherein said sens-
ing means further comprises an oxygen sensor for sens-
ing the quantity of oxygen present in the products of
combustion discharged from said burner.

7. The furnace as set forth in claim 6 wherein said
controlling means is capable of controlling the flow of
air and fuel through separate conduits to said burner,
said controlling means including a first and second elec-
trically operative valve for modulating the flow of air
and fuel, respectively, to the burner and a microcom-
puter separately connected to said air flow and fuel flow
indicating means and said first and second valves for
maintaining an optimal amount of recirculated products
of combustion to air as a function of at least one of
furnace temperature, air preheat temperature and fuel
flow rate by modulating said valves throughout a firing
range of said burner.

8. The furnace as set forth in claim 7 wherein said
controlling means controls the amount of products of
combustion vitiated with the air by comparison of at
least one of the furnace temperature, the fuel flow rate
and the air preheat temperature with at least one of
precalibrated furnace temperature, fuel flow rate, and
air preheat temperature.

9. A process for controlling flame temperature and
NOy emissions from a burner by controlling the amount
of products of combustion vitiated with air supplied to
a burner as a function of at least two of a furnace tem-
perature, air preheat temperature and a fuel flow rate.

10. The process as set forth in claim 9 wherein the
amount of products of combustion is vitiated with air
supplied to a burner as a function of furnace tempera-
ture or air preheat temperature and a fuel flow rate.

11. A process for controlling vitiation of combustion
air to a burner of a furnace having first and second
valves for controlling air and fuel flow to the burner,
first and second temperature and flow rate sensors for
sensing temperature and flow rate of the products of
combustion and fuel, respectively, wherein said sensors
are connected downstream of said first and second
valves, and a vitiation controller including a micro-
computer having an input which is connected to the
temperature and flow rate sensors and an output which
is connected to first and second valves, comprising the
steps of:

(a) deriving an optimal quantity of recirculated prod-
ucts of combustion by measuring at least one of
furnace temperature, air preheat temperature and
fuel flow rate for the furnace across the operating
firing range of the burner;

(b) entering the measurements derived at step (a) into
the micro-computer; and

(c) adjusting the position of first and second valves by
means of the micro-computer in response to the
measurements to provide an optimal quantity of
recirculated products of combustion.

12. A furnace for controlling flame temperature and

emission of NOx comprising:

a. at least one burner to which fuel and air are sup-
plied and products of combustion are discharged,
wherein said air is vitiated with said products of
combustion; and
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b. means for controlling the amount of vitiation with
said products of combustion as a function of fur-
nace temperature, air pre-heat temperature, and
fuel flow rate.

13. The furnace as set forth in claim 12 further com-

prising:

a. a means for sensing furnace operating parameters
including a flow rate sensor for sensing a flow rate
of fuel to said burner and a first temperature sensor
for sensing furnace temperature; wherein said
means for controlling the amount of products of
combustion vitiated with the air is in communica-
tion with said sensing means such that the amount
of products of combustion vitiated with the air is
controlled as a function of the rate of flow of fuel to
said burner and the furnace temperature or air
pre-heat temperature, said controlling means being
responsive throughout a firing range of said burner.

14. The furnace set forth in claim 13, wherein the
amount of products of combustion vitiated with the air
is controlled as a function of the rate of flow of fuel to
said burner, the furnace temperature, and the air pre-
heat temperature.

15. A process for controlling flame temperature and
NOx emissions from a burner by controlling the amount
of products of combustion vitiated with air supplied to
a burner as a function of furnace temperature, air pre-
heat temperature and fuel flow rate.

16. The process as set forth in claim 15 wherein the
amount of products of combustion vitiated with air
supplied to a burner is defined by an equation Qpec-
=a(QH? (T “fee)° where the constants a, b, and ¢ are deter-
mined through theoretical analysis and performance
characteristics of the furnace and Qe represents the
amount of products of combustion recirculated, Qyrep-
resents fuel flow rate and Ty, represents the tempera-
ture of the furnace.

17. The process as set forth in claim 15 wherein the
amount of products of combustion vitiated with air
supplied to a burner is defined by an equation Qpoc-
=a(Qp? (Tfze)* (Tair)d where the constants a, b, ¢, and d
are determined through theoretical analysis and perfor-
mance characteristics of the furnace and Qppo. repre-
sents the amount of products of combustion recircu-
lated, Qf represents fuel flow rate, Tg,. represents the
temperature of the furnace, and Ty, represents the tem-
perature of the pre-heat.

18. A process for controlling flame temperature and
emission of NOx from a burner of a furnace comprising:

a. supplying fuel and air to the burner and discharg-
ing products of combustion from said burner;
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b. vitiating said air with said discharged products of
combustion;

c. sensing furnace operating parameters including
fuel flow rate, furnace temperature, and pre-heat
temperature; and

d. controlling the amount of air vitiated with the
products of combustion such that the amount of air
vitiated with the products of combustion is con-
trolled as a function of a rate of flow of fuel to said
burner, the furnace temperature, and the pre-heat
temperature throughout a firing range of said
burner;

e. entering the furnace operating parameters into a
micro computer;

f. deriving an optimal quantity of products of com-
bustion to vitiate with said air as a function of the
furnace operating parameters;

g. signaling a valve means for directing and modulat-
ing the optimal flow of fuel, air and vitiated air
supplied to said burner;

19. A furnace for controlling flame temperature and

emission of NOy comprising:

a. at least one burner to which fuel and air are sup-
plied and products of combustion are discharged,
wherein said air is vitiated with said products of
combustion; and

b. means for controlling the amount of vitiation with
said products of combustion as a function of at least
one of an air preheat temperature, a furnace tem-
perature and a fuel flow rate, said means including
a data feedback system which senses furnace oper-
ating parameters and adjusts the amount of prod-
ucts of combustion which vitiates combustion air
so as to minimize NOy emission.

20. A process for controlling flame temperature and

emission of NOx from a burner of a furnace comprising:

a. supplying fuel and air to the burner and discharg-
ing products of combustion from said burner;

b. vitiating said air with said discharged products of
combustion supplied to said burner;

c. sensing furnace operating parameters including at
least one of fuel flow rate, furnace temperature,
and preheat temperature; and

d. controlling the amount of air vitiated with the
products of combustion such that the amount of air
vitiated with the products of combustion is con-
trolled as a function of at least two of the rate of
flow of fuel to said burner, the furnace tempera-
ture, and the preheat temperature throughout a

firing range of said burner.
* x %X %x X%
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