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(57) Combustion process in a furnace comprising a floor on which a charge to be heated 1s placed, and a roof lying
above the charge, in which process the combustible fluid and the oxidizer fluid are injected separately between the
surface of the charge and the roof, characterized in that the oxidizer and the fuel are injected at two different levels and
in that the ratio of the impulsive forces (m).voy/my.vy) of the combustible and oxidizer fluids 1s greater than or equal to

approximately 1/3, mj being the mass flow rate of the top fluid and v its velocity of injection into the furnace, m)

being the mass flow rate of the bottom fluid and v» its velocity of injection into the furnace.
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ABSTRACT

Combustion process in a furnace comprising a

Lloor on which a charge to be heated 1s placed, and a

roof 1lying above the charge, in which process the

are 1injected at two different levels and 1n that the
ratio of the impulsive forces (mz.vy/my.vy) of the
combustible and oxidizer fluids 1s greater than or
equal to approximately 1/3, m being the mass flow rate
of the top fluid and v, its velocity of injection into
the furnace, m, being the mass flow rate Oof the bottom

fluid and v, its velocity of injection into the furnace.
Fig. 2
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COMBUSTION PROCESS USING SEPARATE INJECTIONS OF FUEL
—_— e o S vNe W TVEL

AND OF OXIDIZER

The present invention relates to a combustion
process using separate injections of at least one fuel
and of at least one oxidizer, as well as to the use of
this process for controlling and/or regulating the
position of a flame when separate injections of the
sald fuels and oxidizers are used.

The combustion process is carried out in a
furnace comprising a floor on which a charge to be
heated 1s placed, and a roof lying above the charge,
into which a first fluid and a second fluid are
injected separately, these fluids being capable of
causing combustion between them, the injections of
these fluids being carried out between the surface of
the charge and the roof, the first fluid being either a
combustible fluid or an oxidizer fluid, whereas the
second fluid 1i1s either an oxidizer fluid or a
compustible fluid.

Many documents 1in the prior art, such as
Patents US 4,863,371, US 1,940,382, US 4,988,285 and
Uus 5,076,779, describe methods for the combustion of a
fuel wusing an oxidizer such as oXygen or oxygen-
enriched air, in which the amount of nitrogen oxides

(NOx) generated is reduced.

Other publications, for example such as Patents
Us 4,541,796, US 5,302,112 and US 5,043,348, describe
burners having different geometries, corresponding
especially to separate injections of fuels and of
oxldilzers, the differences between these burners
essentially consisting of the number of lnjections or
of injectors, the distance petween the injectors, their
relative positions, etc.

These various processes, as well as the use of
these various burners in a furnace in which a charge
has to be heated or melted by the supply of energy from
these burners, all have, however, the drawback that,

when the burners are fitted or when it 1s desired to
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carry out the said processes, it may happen that the
separate injections of fuels and of oxidizers, more
particularly when the fuel 1s 1njected above the
oxidizer, tend to cause the fuel to rise towards the
roof, thereby causing combustion, 1i.e. a hot flame,
near the roof. Such an operation may be particularly
dangerous, since 1t may destroy the roof of the
furnace.

At the present time, the problem therefore
arises, when separate 1injections .o0f fuels and of
oxidizers are used, of how to control these injections
so as to prevent the fuel/oxidizer mixture, and
preferably at least the fuel, from rising towards the
roof. The purpose of this control 1s to keep the gases
more or less in the region of the height at which they
are injected into the furnace, without these oxidizers
and/or fuels undergoing a substantial rise towards the
roof. The expression '"substantial rise" should be
understood to mean a rise which would bring gases whose
temperature is too high and/or gases that are reducing
(or that are too reducing) 1n the region of the roof,
something which, 1in both cases, could result 1n the

refractories in the roof being damaged.

In order to solve the problem posed, a first
hypothesis which springs to mind consists in assumling
that gravity has an 1nfluence on the position of the
flame, particularly natural gas, which 1s the lightest
of the gaseous components present 1in the furnace when a
natural-gas fuel 1s used, could have a tendency to move
up to the roof of the furnace and could therefore be
the cause of the problems thus encountered.

Trials conducted by the Applicant have shown
that gravity did not have an appreciable influence on
the flame characteristics, under conditions in which
the 1njections are more or less horizontal, i.e. more
or less parallel to the surface of the charge to be
melted.

After having carried out extensive research,

the Applicant has demonstrated the importance of the
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respective velocities of the oxidizer jets and fuel
jets with regard to the upwards orientation of the

flame (towards the roof) or the downwards orlentation

of the flame (i.e. towards the charge).

5 The present invention is based  on the
demonstration of the importance of the ratio of the
impulsive force of the lowermost fluid to the 1mpulsive
force of the uppermost fluid, 1.e. the momentum flow
rate (Qpn.v) of the fluid whose point o©of 1njection 1is

10 closest to the surface o0of the charge to be heated to
the momentum flow rate (Qp.v) of the fluid whose point
of injection is closest to the surface of the roof,
i1.e. 1n a horizontal plane lying above the horizontal
plane corresponding to the injection of the lowermost

15 fluid. The term "momentum flow rate" should Dbe
understood to mean the mass flow rate multiplied by the

velocity. The terms "momentum flow rate" and "impulsive

force" will be used alternatively to denote the same
quantlity OQn.V.

20 The process according to the 1nvention 1is
characterized 1n that the first fluid 1is injected at a
first level 1nto the furnace and the second fluid 1is
injected at a second level into the furnace, in that
the first level 1lies below the second 1level with

25 respect to the charge to be heated and 1in that the
impulsive force of the fluid injected at the second
level 1s 1less than or equal to approximately 3 times

the 1mpulsive force of the fluid injected at the first

level.

30 Preferably, the combustion process according to
the 1nvention 1s characterized in that the impulsive
force of the fluid injected at the second level is less
than or equal to approximately 1.5 times that of the
fluid injected at the first level.

35 When the Dbottom injector consists of a
plurality of bottom 1njectors, the impulsive force
corresponds to the sum of the impulsive forces of each

injector.
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Likewise, when the top injector comprises
several 1njectors, the 1impulsive force corresponds to
the sum of the impulsive forces of each injector.

In the case 1n which there are more than two
injectors, especially a bottom injector which injects a
first fluid, a middle injector which injects a second
fluid and a top injector which injects the first fluid,
the 1mpulsive force of the top Jjet must remain less
than 3 times the impulsive force of the bottom jet, if
the 1mpulsive force of the middle jet is less than
approximately 3 times the higher of the impulsive
forces of the top and bottom jets (above this factor,
1t 1s the middle jet which controls the position of the
flame) .

Without wishing to be tied by any theory, the
1nventors believe that the 1invention may be explained
in the following manner: |

When a single jet 1is injected into a confined
enclosure, two gas recirculations are created, one
below the point of 1injection and the other above the
point of inject‘ion, which recirculations are produced,
on the one hand, Dbetween the level of the charge and
the point of 1injection and, on the other hand, the roof
©of the furnace and the point of injection. If the Jjet
lies closer to one ©of these two surfaces, the
recirculations do not have the same intensity and the
jet may be deflected from its initial direction: for
example, 1f the point of injection 1lies below the
middle of the side wall with respect to the surface of
the charge and to the roof, i.e. closer to the surface

pr—

ot the charge than the roof, the recirculation on the

side facing the floor will be much greater than the
recirculation on the side facing the roof, which
results 1n a greater gas flow towards the floor than'
the roof, i.e., 1in general, 1in the direction of the
recirculation of greater intensity. In the case of two
close jets, one placed more or less on top of the
other, each jet creates, in the vicinity of the closest

wall, a recirculation whose intensity depends primarily
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on the velocity of the jet and to a lesser extent on
1ts position with respect to the side wall. Depending
on the respective intensities of these recirculations,
it 1s then possible to deflect the jets to one or other
of the walls (the roof or the floor).

The 1nvention will be more clearly understood
with the aid of the illustrative embodiments below,
these being presented in conjunction with the figures
which show:

- Figure 1, a curve showing the maximum
temperature position (in metres) with respect to the
purner level as a function of the injection velocity of
the oxygen, or 1in general of the oxidizer gas,
eXpressed 1n metres per second. (The term "burner
level” 1is the 1level of the ©plane lying at an
equldistance from the top and bottom injectors.)

- Figure 2, a curve showing the ratio of the

lmpulsive forces of the top and bottom injections, as a

function of the maximum temperature position of the
flame.
EXAMPLE 1:

Placed 1in a furnace 5 metres in length and 1.5

metres 1n height are a bottom injector, for injecting a

first fluid, and a top injector, for injecting a second

fluid, these lying in the same vertical plane, the axes
of which are separated by a distance 1 of 0.25 m. The
distance between the surface of the pool to be heated
(for example a glass pool) and the point equidistant
from the axes of the injectors is 0.5 m.

A first fluid, which 1is oxygen, 1is injected
into the top injector at a velocity of 15 metres per
second while a second fluid, which is natural gas, 1S
lnjected into the bottom injector at a velocity of 60
metres per second.

By varying the 1injection velocity of the
oxygen, between approximately 13 and 70 metres per
second, the position of the flame thus created by the
two 1njectors is measured, by noting the position of

the temperature maximum with respect to the axis of the




10

15

20

25

30

33

CA 02267400 1999-03-30

- 6 -~

burner. The results are given 1in Figure 1, in which it
1s clearly apparent that 1f the velocity of the oxygen,
and more generally of the oxidizer, i.e. the top fluid,
increases then, little by little, the highest
temperature lies higher and higher with respect to the
0 level of the burner and, for example in the present
case, for an oxygen velocity of 70 metres per second,
lies approximately 0.70 metres above the burner level,
1.e. approximately 1.20 metres above the level of the
pool.

Next, by wvarying the momenta of the gases
injected 1nto the bottom 1injector and into the top
lnjector, particularly by varying their respective
velocities while keeping the same mass flow rate, the
position of the maximum flame temperature with respect
to the axis of the burner is measured as previously and
1t may be seen, from the results given in Figure 2,
that, when this ratio of the momenta 1is less than
approximately 0.3, this position is in a region lying
more than 0.5 metres above the axis of the burner, i.e.
approximately 1 metre above the level of the pool of
material to be heated (for example, glass); in general,
this constltutes a maximum value for the position of
maximum temperature if it is desired, during continuous
operation of the furnace, to prevent the roof from
being destroyed. Preferably, this ratio of the momenta
should be varied so as preferably to bring the position
of the maximum temperature of the flame close to the
axls of the burner (whether above or below the latter).
It 1s therefore found that, preferably, the ratio of
the momenta must be greater than 0.3 and preferably
greater than approximately 0.6.

EXAMPLE 2:

The above experiments were repeated with

various fuels, such as propane, butane, liquefied
petroleum gas (LPG) and fuel oil (light and heavy) and
1t was found that more or less the same results as
those illustrated in the previous curves were obtained,

l1.e. the effect obtained, of locating the maximum flame
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temperature at a suitable point, does not depend on the
fluids wused, whether the fuel or the oxidlzer, but
simply depends on the ratio of the momenta, as
explained above.

Likewise, it is found that injecting impure
oxXygen, that 1s to say an oxidizer containing at least
20% oxygen, preferably more than 35% 0, and even more
preferably more than 88% oxygen by volume, did not

modify the results obtained, whatever the other gas (or

other gases) present in the oxygen.
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CLAIMS

1. Combustion process 1in a furnace comprising a
floor on which a charge to be heated is placed, and a
roof lying above the charge, into which a first fluid
and a second fluid are 1injected separately, these
fluids being capable of causing combustion between
them, the injections of these fluids being carried out
between the surface of the charge and the roof, the
first fluid being either a combustible fluid or an
oxidizer fluid, whereas the second fluid 1s elther an
oxidizer fluid or a combustible fluid, characterized 1in
that the first fluid 1s 1njected at a first level 1into
the furnace and the second fluid 1s 1njected at a
second level into the furnace, in that the first level
lies below the second level with respect to the charge
to be heated and 1n that the 1mpulsive force of the
fluid injected at the second level 1s less than or
equal to approximately 3 times the impulsive force of
the fluid 1njected at the first level.

2. Combustion process according to Claim 1,
characterized 1in that the 1mpulsive force of the fluid
injected at the second level 1s less than or equal to
approximately 1.5 times that of the fluid 1injected at
the first level.

3. Process according to either of Claims 1 and 2,
characterized 1n that the first fluid 1s pure or
industrially pure oxygen, having an oxXygen
concentration of greater than approximately 88% by
volume.

4 . Process according to one of Claims 1 to 3,
characterized in that the second fluid is chosen from
natural gas, butane, propane, liquefied petroleum gas
and/or fuel oil.

D. Use of the process according to one of Claims 1
to 4 for controlling and/or regulating, in a furnace,
the position of a flame created by separate injections

of oxidizer and of fuel.
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