
PROCESS FOR THE OXYCOMBUSTION OF A LIQUID FUEL The
present invention relates to a process for the  combustion of a high
viscosity liquid fuel by means of  an oxygenated gas, in particular one that
can be used  for a steam boiler. 5 Steam boilers may use various types of
fuels:  gaseous fuels (natural gas) , liquid fuels (heavy fuel  oils) or solid
fuels (pulverized coal). The oxidizer  .used on the other hand is at the
present time  systematically air. 10 Although it is widely known to use pure
or  concentrated oxygen in the combustion of any type of  fuel in many
industries (glass, metallurgy, etc.) this  is not used at all in the field of
energy production  using steam boilers for two main reasons: on the one
15 hand, for an economic reason (cost of oxygen as an  oxidant) and on
the other hand, for a technical reason  which is the problem of transferring
heat between the  oxygen flame and the steam. However, this type of
combustion with oxygen becomes economically attractive 20 since it
makes it possible to capture easily, and at  moderate cost, the C02
contained in the fumes, which is  a major objective within the
environmental context.  This transfer problem stems from an absence of
nitrogen  ballast present in the air, the flame obtained by 25 combustion of
fuel and oxygen being shorter and hotter  than a flame obtained by the
combustion of fuel and  air. The heat transfer zone is more restricted and
the  local heat flux levels may reach values of 600 to  1000 kW/m2, which
means higher tube temperatures and  30 therefore problems with
materials (corrosion). In order to get round this problem of high  localized
flux levels, the solution generally selected  is flue gas recycling. This
solution makes it possible  to replace nitrogen in the air with a high volume
of 35 recycled flue gases which once again gives the flame  



characteristics close to those of an air flame.  Obviously this solution is not
the optimum one since  this flue gas recirculation involves adding a
supplementary circuit and a blower. it may also 2  present erosion and
corrosion problems. In addition, in the current context of the  oilfield
production, the use of liquid fuels and in  particular high viscosity liquid
fuels (called heavy 5 residues) is becoming increasingly frequent for
combustion in boilers. The object of the present invention is to provide  a
process for the combustion with oxygen of liquid  fuels, having a high
viscosity, that can be used in 10 steam boilers producing a longer, more
uniform and  cooler oxygen flame than a conventional oxygen flame.
Another object of the present invention is to provide a process for
combustion with oxygen of liquid  fuels,` having a high viscosity, making it
possible to  15 avoid flue gas recirculation while using conventional
materials. With this objective, the invention relates to a  process for the
combustion of a liquid fuel by means of  an oxygenated gas in a
combustion zone, in which the 20 liquid fuel is injected into the
combustion zone in  atomized form, the fuel being atomized by bringing a
stream of fuel into contact with a stream of atomizing  fluid, and in.which:
prior to its atomization, the liquid fuel has a  25 viscosity of at least
30x10-6 m2/s, - the stream of fuel is brought into contact with  the stream
of atomizing fluid only in the combustion  zone, and - oxygenated gas is
injected into the combustion  30 zone in the form of at least two lets: . at
least one first jet, called the primary  



oxidizing jet, injected near to the atomized  liquid fuel so as to bring about
a first  incomplete combustion, the products coming from 35 this first
combustion still comprising at least  part of the fuel, . at least one second
jet, called the secondary  oxidizing jet, injected at a distance 12 from the
atomized fuel which is greater than the distance 11 between the atomized
fuel and the primary  oxidizing jet, so as to enter into combustion with  that
part of the fuel which is present in the  products coming from the first
combustion. 5 Other features and advantages of the invention  will
become apparent on reading the following  description. An embodiment of
the invention is given by  way of non-limiting example illustrated by figure
1  which is a diagrammatic view of a burner for 10 implementing the
process according to the invention. The invention therefore relates to a
process for  the combustion of a liquid fuel by means of an  oxygenated
gas in a combustion zone, in which the  liquid fuel is injected into the
combustion zone in 15 atomized form, the fuel being atomized by bringing
a  stream of fuel into contact with a stream of atomizing  fluid, and in
which: - prior to its atomization, the liquid fuel has a  viscosity of at least
30x10-6 m2/s, 20 - the stream of fuel is brought into contact with  the
stream of atomizing fluid only in the combustion  zone, and - oxygenated
gas is injected into the combustion  zone in the form of at least two jets:
25 . at least one first jet, called the primary  oxidizing jet, injected near to
the atomized  liquid fuel so as to bring about a first  incomplete
combustion, the products coming from  



this first combustion still comprising at least  30 part of the fuel, . at least
one second jet, called the secondary  oxidizing jet, injected at a distance
12 from the  atomized fuel which is greater than the distance l1  between
the atomized fuel and the primary 35 oxidizing jet, so as to enter into
combustion with  that part of the fuel which is present in the  products
coming from the first combustion. The invention relates to the combustion
of high  viscosity fuels, called heavy residues. At ambient 4  temperature,
these fluids are solid or almost solid,  and heated to 100C they have a
viscosity of at least  80x10-6 m2/s, preferably at least 400.10-6 m2/s, and
still more preferably at least 2000x10-6 m2/s. They must 5 often be
heated so as to have a viscosity that will  allow them to be injected into a
burner. According to the process of the invention,  combustion involves a
liquid fuel that must be atomized  prior to its introduction into the
combustion zone. The 10 technique for atomizing liquid fuels is well
known in  the prior art and consists in bringing a stream of fuel  into
contact with a stream of atomizing fluid. This  atomizing fluid may be
chosen from the following  fluids: steam, air or oxygen. It preferably
consists of 15 steam. A first essential feature of the process of the
invention is that. the liquid fuel should, prior to  being brought into contact
with the atomizing fluid,  have a viscosity of at least 30x10-6 m2/s,
preferably at  least 50x10-6 m2/s, and even more preferably at least 20
80x10-6 m2/s. Since the liquid fuel is generally solid  at ambient
temperature, it is preferably heated in  order to liquefy it. This liquefaction
is normally  carried out in a circuit in a loop containing the  continuously
heated fuel. The heated fuel is then drawn 



25 off from the loop for use in the process according to  the invention. The
temperature of the heating loop is  adjusted so that the desired viscosity
(at least  30xl0-6 m2/s) for the process is attained. This minimum
viscosity of the liquid fuel at the moment it is 30 atomized guarantees that
a particular profile for the  droplets is obtained. This particular profile"
combined  with other features of the process, produces a cooler,  longer,
more uniform oxygen flame than in the prior  art. According to the
preferred mode, the fuel has a 35 viscosity of between 80x10-6 m2/s and
200x10-6 m2/s. In  order for the liquid fuel to remain injectable, it is
preferable that its viscosity be at most 200x10-6 m2/s.  A second essential
feature of the process of the  invention is that the stream of fuel should be
brought 5 _ into contact with the stream of atomizing fluid only in  the
combustion zone. Thus, it is important to prevent  the fuel and the
atomizing fluid from premixing before  they are injected into the
combustion zone. The steps 5 of bringing the fuel and atomizing fluid into
contact  and of atomizing should take place in the combustion  zone, the
said zone being understood to be the place in  which the combustion
flame develops. One means of  implementation enabling this absence of
premixing to be 10 obtained consists of delivering the liquid fuel and the
atomizing fluid by means of two coaxial tubes, the  inner tube enabling the
liquid fuel to be delivered and  the outer tube enabling the atomizing fluid
to be  delivered. Preferably, the ends of these two tubes 15 emerging in
the combustion zone are placed  substantially in the same plane
perpendicular to their  central axis. According to a preferred method, the
stream of  atomizing fluid has a flow rate 15o by weight lower,  20
preferably 10% lower, than the flow rate of the stream  



of fuel. The third essential feature of the invention  relates to the injection
of oxygenated gas. The latter  should be injected into the combustion
zone in a staged 25 manner, Thus, the oxygenated gas is divided into
several jets injected at various places in the  combustion chamber. A first
primary jet is injected  near to the atomized liquid fuel. "Near to" is
understood to mean that this primary jet is as near as 30 possible to the
liquid fuel. It may be injected at  zero distance or not from the place at
which the  atomized fuel is injected. This primary jet makes it  possible to
produce a first incomplete combustion.  This incomplete combustion is
due to the injection of a 35 sub-stoichiometric quantity of primary oxygen
with  respect to the Quantity of fuel injected. The products  coming from
this first combustion consequently still  comprise at least part of the fuel.
The process  according to the invention may employ several primary 6
oxidizing jets, all these primary jets being injected  at the same distance
from the atomized liquid fuel and,  in this latter implementation, the
primary jets are  preferably distributed regularly around the atomized  5
fuel. A second jet, called the secondary jet, is  injected at a distance 12
that is greater than that of  the primary jet from the atomized liquid fuel.
This  secondary jet makes it possible to complete the 10 combustion of
the fuel remaining in the products of the  first combustion with the primary
jet. The quantity of  secondary oxgenated gas injected therefore
corresponds  to the complement of the primary oxygenated gas  injected
so as to obtain total injection of 15 stoichiometric oxygenated gas with
respect, to the  quantity of fuel injected. The process according to  



the invention may employ several secondary oxidizing  jets, injected at an
equal distance from the place at  which the atomized fuel is injected, or at
different 20 distances. The secondary oxidizing jets, injected at  an equal
distance from the place at which the fuel is  injected, are preferably
distributed regularly around  the atomized fuel. Preferably, the quantity of
oxygen  injected into the combustion zone by the primary 25 oxidizing jet
represents at most 30%, preferably at  most 15%, of the total quantity of
oxygen injected into  the combustion zone. According to the invention,
oxygenated gas is  understood to mean a gas containing at least 80% by
30 volume of oxygen. Preferably, the oxygenated gas employed in the
process has an oxygen concentration of  at least 95% by volume. The
various features of the process according to  the invention, and in
particular observance of a  35 viscosity greater than 30x10-6 m2/s for the l
quid fuel, leads to the staged combustion of an atomized fluid of  which
the dispersion of droplets has the following  characteristics: - the mean
droplet size is greater than 100 m, 7 - preferably between 150 and 300 m,
and - the dispersion of the diameter of the droplets  of the dispersion
follows the Rosin-Rammler law. The  distribution function f (D) of a
dispersion 5 (representing at a given point in space the probable  number
of droplets with a diameter greater than D) is  defined, according to the
Rosin-Rammler law, by the  following formula: f (D) = exp(-(~)^) D  10
where D is the mean diameter (the mean Sauter diameter  is generally
considered) and n is the diffusion  



parameter. This combination produces a longer, more uniform  and cooler
oxygen flame than in the prior art. It  15 enables a very flat heat flow curve
to be obtained and therefore makes it possible to avoid flue gas
recirculation while using conventional materials. The process according to
the invention also makes  it possible to reduce atomizing fluid
consumption (as  20 much as -50%). Finally, the process according to the
invention  has the advantage of enabling fuel to be injected at a  lower
temperature than in'the prior art. The process according to the invention is
25 particularly suited to its implementation in a steam  boiler. Figure 1
illustrates a type of burner for  implementing the process according to the
invention.  The atomized liquid fuel injector of this burner has a 30
cylindrically shaped spray head 3 in which six  cylindrical fuel injection
nozzles 1 are arranged, each  placed coaxially in a cylindrical nozzle 2 for
injecting atomizing fluid. All the nozzles emerge on  the front surface of
the spray head 3 in the combustion 35 zone. The periphery of the front
surface on which  nozzles 1, 2 emerge has a frustoconical shape and the
nozzles 1, 2 emerge perpendicular to this surface. -e- There is therefore
no premixing of the fuel and  atomizing fluid. The six orifices are fixed
equidistant from the centre of the spray head 3 and  equidistant from each
other. The nozzles are extended 5 rearwards by conduits designed to
supply the liquid  fuel and atomizing fluid-to the nozzles 1, 2. The  burner
also has three types of oxygen injector: - a primary oxygen injector
consisting of a tube 4  with a diameter greater than the diameter of the
spray  



10 head 3 and placed coaxially around this head, - two secondary oxygen
injectors 5 placed at a  first distance 12 from the centre of the spray head
3,  either side of the said head, - two other secondary oxygen injectors 6
placed at  15 a second distance 12 (>12) from the centre of the spray
head 3 either side of the said head. EXAMPLE  The injector of figure 1
was employed for the  20 combustion of a liquid fuel with the following
characteristics: - nature of the fuel: liquid heavy fuel oil,  - viscosity:
40x106 m2/s at 100C. After heating to 90C in order to obtain a  25
viscosity of 50x10-6 m2/s, the fuel was injected with a  flow rate of 179
kg/h at an injection velocity of  40 m/s. The atomizing fluid was steam
having an  injection velocity of 200 m/s and an injection flow  rate
representing 6% by weight of the fuel flow rate,  30 namely 10.74 kg/h.
The oxygenated gas used for combustion had an  oxygen concentration
greater than 99% by volume. The  oxygenated gas was injected with an
overall flow rate  of 405 Nm3/h and the distribution between the different
35 injectors was as follows: - 5% in the primary injector 4, - 33% in the
secondary injectors 5,  - 62% in the secondary injectors 6. - 9  The curve
of figure 2 represents the heat flux  (kW/m2) obtained by implementing
this combustion  process, with respect to the distance to the nose of  the
injector (1 unit along the x-axis representing 0.6 5 metres). Along the
x-axis, each 0.6 metre unit  corresponds to a water heater, or heat
exchanger, of  the boiler. It will be observed that heat transfer was  



uniform whatever the distance to the nose of the  burner. 10 10 - CLAIMS
Process for the combustion of a liquid fuel by means of an oxygenated
gas in a combustion zone, in  which the liquid fuel is injected into the
combustion  5 zone in atomized form, the fuel being atomized by bringing
a stream of fuel into contact with a stream of  atomizing fluid,
characterized in that: prior to its atomization, the liquid fuel has a  viscosity
of at least 50x10_6 m2/s, 10 the stream of fuel is brought into contact with
the stream of atomizing fluid only in the combustion  zone, and -
oxygenated gas is injected into the combustion  zone in the form of at
least two jets: 15 . at least one first jet, called the primary  oxidizing jet,
injected near to the atomized liquid  fuel so as to bring about a first
incomplete  combustion, the products coming from this first  combustion
still comprising at least part of the fuel, 20 at least one second jet, called
the secondary  oxidizing jet, injected at a distance 12 from the  atomized
fuel which is greater ' than the distance ii  between the atomized fuel and
the primary oxidizing  jet, so as to enter into combustion with that part of
25 the fuel which is present in the products coming from  the first
combustion. 2. Process according to Claim 1, characterized in that,  prior
to its atomization, the liquid fuel has a  30 viscosity Of at least 80x-10-6
m2/s. 3. Process according to Claim 1 or 2, characterized in  that, prior to
its atomization, the liquid fuel has a  viscosity of between 80x10_6 m2/s
and 200 x 10-6 m2/s. 



35 4. Process according to one of the preceding claims,  characterized in
that the atomizing --fluid is steam. 5. Process according to one of the
preceding claims, V  characterized in that the liquid fuel and the atomizing
fluid are delivered by means of two coaxial tubes, the  inner tube enabling
the liquid fuel to he delivered and  the outer tube enabling the atomizing
fluid to be  delivered. 6. Process according to one of the preceding claims,
characterized in that the stream of atomizing fluid has  a flow rate 15% by
weight lower, preferably 10% lower,  10 than the flow rate of the stream of
fuel. 7. Process according to one of the preceding claims,  characterized
in that the quantity of oxygen injected  into the combustion zone by the
primary oxidizing jet 15 represents at most 30%, preferably at most 15%,
of the  total quantity of oxygen injected into the combustion  zone. 8.
Process according to one of the preceding claims,  20 characterized in
that the oxygenated gas has an oxygen  concentration of at least 80% by
volume. 9. Process according no one of the preceding claims,
characterized in that it is implementation in a steam  25 boiler. 


