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 tiliROSYstB Aatichhy: £ YOCAMIBUGR ION Widlely_kQohn F/BEe pure

or concentrated oxygen in the combustion of any type of fuel in many
industries (glas&smBESARFGY, eV Fhisi e nstdsedat AR it tHe feRissf for the
energy productivhousing stedihdboiterssfordiwoymaitoreasofis=dn tlye orens of

15 hand:A0r-aR,660808HC (Ras0N(80st Of Ox¥0eR ASHE oxidant)and OR  useqd
the othey hand, for a technical reason which is the problem of transferring
heat between the oxygﬂen. flame and the steam. However, this type of

corfbustion withr 3%geR becOrfies¥EdnonfiRally afttative 96R&HAceqt fuels:
makes iEpBssBie thusdpturéngasige indias 'moderets GosintesCORieavy fuel
contained irsthedfumes] whichuisl & mgjan objective withinn the  The oxidizer

environmental contexty, Thig, transfer problem; stems from an apsence of ;0

nitrogen batllast r.eseﬂt in the air, the flame obtained by 25 combustion of
fuel ands\o/fygeeﬁhagéﬁlag sKorter and hotter than a flame obtained by the
cofibustion of fuePaHE air 1Fhe heat HaASY zohBIY tnoreresHiGed e oF
the locabheatrfimeteye|saraygerachvalues of 60Duet 1600 kWV/m2ywhighe of
means higher {Ghademperabiies.ands 3Q4herpioreproblemsyith . ) this
materials, (cagpsiaaLdn 2Lder {9 ggLround tfys pioblep oLhigh Jogalzgtc s on
flux levels, the solution generally selected is flie gas recyclln& This
solution’fiaik@s ft FEEBibke WFEplateTitbyen Hrthe HPFREFE hightvoluffe one
ofl35 relejoted fliegases vivichwrice againggives theflamef oxygen as an
oxidant}) and on the other hand, for a technical reason

which is the problem of transferring heat between the
oxvgerr flame and the steam. However, this type of .
combustion with oxygen becomes economically attractive
20 since it makes it pdssible to capture eagily, and at
moderate cost, the €0, contained in the fumes, which ig
a major objective within the environmental context.
This transfer problem stems ffom an absence of nitrogen
ballast present in the air, the flame obtained by
25 combustion of fuel and oxygen .being shorter and hotter
thén  a flame obtained by the cowmbustion of £fuel and
alr. The heat transfexr zone is more restricted and the
local heat flux levels may reach values of 600 to
1000 kW/m®, which means higher tube temperatures and
30 therefore problems with materials (corrosion).

In .order to get round this prcblem of 'high_
localized flux levels, the solution generally selected
is flue gas recycling. This solution makes it pogsible

_ to replace hitrogen in the air with a high wvolume of
- 35 recycled flue gases which once again gives the flame
characteristics close to those of an air flame.
Obviously this sclution is not the optimum one since
~this  flue gas recirculation _ invclveé adding a

$upp1ementary circuit and a blower. It may also
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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:(calledhesyy Srresidues) istbecoming nareasisgly frequent for
combusq%n ma%%lf S;:oTrb,e obiect ogjgee prga@yf%\éentlggﬁég{groytﬁg Qe
process for the combustion with oxygen of liquid fuels, havinga hig ,
vigédditye that BER Petised’in 10-Eteart boilers prodGiing a fotye?, nigte 1
uniform and acoolet exygen flamel than a conventidnal loxygerefldme. heavy

Anathen objsct of fne pr%%%rﬁ‘éﬁ?“oniiﬁé%’é%‘ﬁi%%?;pr_ocfa?%&?fent for

combustion with oxygen of liquid Tuels,” having a high viscosity, making it
pGSEHET5 28 abdi gas’recirculation while using conventional

material§hithithis bjective; lthe irwentiort relates i acprotess-for fhepvide
C@ﬂ%@ge@@é a kquid L@%Ieb%/ B@ﬁ%lﬂ%lé if@ﬁloxw%&at%%@%&]@ Aof liguid
c stion zong, in which the 20 liquid fuel is injected into t .

c%%%gﬂonhz%vnleﬁlﬂ a?or%gz}“ fof\’rn%%tﬁg?ﬁglyb’einlléha%gmiczzga“ be)k/)%.rinlé‘lgnegda tH

steéaATof foelihts BontaEe@ith astream dfeRizing "RIG, afd it whith: and
paeitodis atepjzatiarn. dhe liquid.fuel hasra 25 viseosityof phdeastlame .
30x10-6,m2(s, - the sfream.of fuel 'Stt}{%“gh&'@%%%cj‘.”ta%‘é’gﬁt@[‘a?ns”%%“ £o
of atomllzmg uﬁon Yy IFI tﬁe combustion zgne, ana - oxygenate as Is )
iNfEctad fifto her&SIRBEStion30 FEREIShEBrnY E &t 18R 18ts; JatTuid
leastare fitstjetncalled thecprimarycosity, making it possible to

avoid flue gas recirculation while using conventional
materials.

With this objective, the invention relates to a
process for the combustion of a ligquid fuel by means of
an oxygenated gas in a combustion zone, in which the
liquid fuel is dnjected 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 liguid fuel has a
viscosity of at least 30x10°° wm'/s,

~.the stream of fuel is brought into contact with
the sgtream of atomizing fluid only in the combustion
zone, and.

- oxygenated gas ig inijected inte the combustion
zone in the form of at least two jets:

at least one first FJet, called the primary
oxidizing Jjet, injected near to the atomized
liguid fuel so as to Dbring about a first
incomplete combustion, the products coming £Lrom
this first combustion still comprising at least
part cof the fuel, '

at least one second jet, called the secondary
oxidizing jet, injected at a distance 1l; from the

atomized fuel which is greater than the distance 1,
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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,4dnjected at a distance 12 from the
atomized fuel which is greater than the distance 11 between the atomized
fuel and:hewprignary oxidizing-jet; Soeas to entel intoacembustien withr ithaty

part of the fualyihigh isreseat i Jne. praducts coming Gomheditsh vicn
combustion. 5 Othér features and advantages of the invention will
become-apparert bh reatling e foittwing” desctiptioh. A eRibodimeht &f <
the inventionlis-giwen doyi wayof erondimitiig exampleniiustrated.by figure

1 whichyis;a-diagrammatic.view-of a huknerfikQimplementing theyent 1on
pracess a%%ordigg to the invention. The inventiogitgerefog% Ergelat%soﬁ%

process for fha Comb st 6T & quuiar%uel B:ye meang of an oxygena ed ¢

028 37 Bicomisastiohrzorebiptwhiehthe liquierfuéris shjeétdd inf teven by
combusiion zepe inikE atomizeghdorp. the fuel being-plemized byrhingiag 1
a stream of fuel into contact with_a stream of atomizing - fluid, [

W%EIC C% pri(%ra to it ato(r%i?gtfoanr?ta% f’lc?uid ?’Lrjl_e?ﬁ'as ng\?iscgs_ity%%%ast rox
3OXPOT WIS, 20 -Hhe SHeaRPeFfRFiRBrougRt ihtd CSttactWith the™ -
stream afratomizirgfiuidonlytin the cambustibac zene; and:. - aygepatedfor

gagds injecied inte the cambustion zgne 4n the fofm %ft_ leastfwo jets:  on
25 . at least one first jet, called the primary oxidizing jet, injected near to

e 4R EE JiqEd fuel'sd ad to BANG ABoUCR firdtomplete WHich  the
combustions tel praductsrcomingdromnto the combustion zone in

atomized form, the fuel being atomized by bringing a
stream of fuel into contact with a stream of atomizing
fiuid, and in which: |

- pricr to lts atomizmation, the liguid fuel has a
viscosity of at least 30x107° m?/s,

- the stream of fuel is brought into contact with
the stream of atomizing fluid only in the combusticn
zone, and

- oxygenated gas 1s injected into the combustion
zone in the form of at least two jets:

at least one first Jjet, called the primary
oxidizing jet, injected mnear to the atomized
ligquid fuel =0 ag to Dbring about a first
incomplete combustion, the products coming from
this first combustion still comprising at least
part of the fuel, '

. at least one second jet, called the secondary
oxidizing jet, iniected at & distance 1; from the
atomized fuel which is greater than the distance 1,
between  the atomized fuel and the primary
oxidizing jet, so as to enter into combustion with
that part of the fusl which is present in the
products coming from the first combustion.

The invention relates to the combustion of high

vigcosgity fuelg, called heavy residues. At ambient
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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 I1 between

the atomized fuel and the primary 35 oxjdizing jet, so as to enter into
combustion with that part of the fuel which is present in the products

coming &oat the=firsticombustian. {khe inveationelatesde the gprmbustian i g,
of high yi g(e%ig/f 8|S,l% Ig@l h%v residues. At ambient 4_ temperature
these fluids are solid or almost soli , eglr? ﬁegteartlosfSGé%h’e Or#;v%%a “rast

vided&it) of afleast 8%@8%@%&%?&%1}?3?[’%3%Q@O.jl@:% ni?/ésand and
stiltmidré preferahly af feast 2000x1 06 m2/s ZTeysmust Sroften behey must

hegted:-50 as.tohaye a;viseosity.that-will, allow them;tg be.injectedyinto g, | 1
burﬂ(ﬁr. Accgrdln to the process of the invention, combustion involves a

ligllic fO&1 thAT Thust betatbhized Pior Tb-its tfSdGRESH into the
combustibAZonei The 10%echhigtie faratomizing liglid fudls is welbent ion,

knewbnsthedsprionarband soasistsdn banging a stream gf fuel 1ato; - oms zed
contact wmpoa %gfe%zlalrynotf at izin fqu. 'Ekg)ls t%t€(::3)m|2|n91fde,may be

3 T
ch%géﬁlfrom the following Hi%ls:lstréamr}alror oxyé:é)ﬁr? FBFleéDrrébeone' he

COnRRId 6FIS steam. Afrstessentidl featife dfukie protesyiefithe known in
invendiop:s ¢hatathe liguid fiehsheuld, priprie ibejngdrought ntecoptact ue 1
wiihihe aiaspieig fuld, pave & MSEasIly obat Iepsk AL Maia  mnis
preferably at least 50x10-6 m2/s, and even more pre%eraB% at feast 20
80186 /218, Since e IR fuelfs géisrdmpsolitr atambiht Tollowing
tefnperatare, ttis preferdhly heatexhigcorder to ligueficitaHhis liquefactor of
is pommally gariedoutinagireuit in & loop contaiping the coptinuously: ¢,
heated fuel. The heated fuel is then drawn
invention is that . the liguid fuel should, prior to
being -brought into contact with the atomizing fluid,
have a viscosity of at least 30x107° m?/e, preferably at
least 50x107° m?/s, and even more preferably at least
80x107° m’/s. Since the liguid fuel is generally solid
at ambient temperature, it 1s preferably heated in
order to liguefy it. This liquefaction is normally
carried out in a circuit in a loop containing the’
continuously heated fuel. The heated fuel is then drawn
off from the lcop for use in the process according to
the invention. The temperature of the heating loop is
adjusted so that the desired wviscosity (at least
30x10°° m®’/s) for the process is attained. This minimum
viscogity of the liguid fuel at the moment it is
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
viscosity of between 80x10™° w'/s and 200x10°° HF/S. In
order for the ligquid fuel to remain injectable, 1t is
preferable that its viscosity be at most 200x10°° m?/s.
A  second essential feature of the process of the

invention is that the stream of fuel should be brought
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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 30xI0-6 m2/s) for the process is attained. This minimum

viscosity of the liquid fuel at the mom_en%it is 30 atomized guarantees that

a particular profile for the droplets is obtained. This particular profile"
combined-avithhethex featurascof dhe-process, me@uﬁ%aéggtogﬁﬁ,idpr&ﬂy in
maore_uni flame_ than in the prior art. According to t | .
prgflgﬁjgdg %@é%%ﬁggf{ue%%% ‘a 3! \/llwélcso’siti/L Eof_ Bgtw:ég%%%lg% r%i/sp and =
206%0-69R2/s3H* ofdt 16 thaiglmTudl s ¥émarrnjcemiid tisg before

pr&feeable tiwat its iscosity betat mriséz_aﬁxﬁlﬂu@m%& Aseeond essentiabps
featrre-of the rgcess.of the. invention is that the strean .of flta%kéggug%gsact

brought 5. Into contact with the stream of atomizing fluid only in the ,
co?nrb%l?st?o% 7ond" ThtETit i€ WRPoftant t6 Freverit the el GAG thecmbustion
atGfizing fidid freva preminéngbefore thelparetinfettetbinte thene place in
camnmiomwecﬂﬂm@%&%f E&i%gﬁliag ta_%xﬁtﬁql@g@.atorpgﬂw f'M@agﬁéo of
co t_and of atomizin ould ta ace, in the compustion zone,
sa%%%r?e %lgr)laé%d"r? ergf?)%%mté%% tggl gﬁac%kfr? SWhich the BomBudtor ©° Ps
fldrhe BeVEIOps CORé Thearfof Riplemeandion enabliny iis Sbséncendf the
premixing te.pe X0 obtaineg consists:of delivering t%ggnguel;mme che
atomizing fuidepy means,of twe coadal uhes. e ipnet b enaping lre .
liquid fuel to be delivered and_the outer tube enabling the atomizing fltid

to B& defivefed. Prefétabfp el énds of these Ao tiBeS195 dmevighg e be
théscbmbustion zongaré piadety substantiadly dr:the samegplane two  tubes

perpendicular to their central axis Aggording,to a preferred rg%t%od' e . cea

stream of atomijzing fluid has a flow rate 150 by weight lower, 2 .
prse}%?%@/nltdﬂ% er- than'tfie idWFatB vihe SfdgiRndicular to their

central axig.’

According to a preferred method, the stream of
atomizing fluid has a flow rate 15% by weight lower,
preferably 10% lower, than the flow rate of the gatream
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
manner, Thus, the oxygenated gas is divided into
several dets injected at  wvarious ©places in the
combustion chamber. A first primary jet is injected
near to the atomized liguid fuel. “Near to” is
understood to mean that this primary et is as near as
possible to the licuid Ffuel, It may be injected at
zerc distance or not from the place at which the
atomized fuel is injected“ This primary jet makes it
possible to produce a first incomplete ébmbustion.
This incomplete combustion is due to the injection of a
sub-gtoichiometric gquantity of primary oxygen with
respect to the quahtity 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
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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 ig the combustion chamber. A first
primary jet is injected near to the atomized liquid fuel. "Near to" is
ungersicodhtp mearsthatthis primary jetis asnearjas-20 pessible iothected
liquid fuel. it may be iniected at,zaro distanceprngtdrom the plageat ang,
which the, atomized fuel js injected. This rlmar%/ et makes it possible to
POHUCe & Frot REGAPlett BorABRNR.: s indohiplets CBHBUStEF S
duetd rainjectiohiofa 35substolchiometris quantiotpriffaey oxygea zed
with=respect to the Quantity of fuel injected. The products coming from

this first ﬁombustci)%n conseguentéyaitﬂlegomggjl%e at I%%%t rpﬁf\rt of the Eg%el. is

are

sec . |~ . =] .
The process”&ccording 16 the invéntion may employ several primary

oA fsts, Al tHeseltirAan/ets:beifgjecfedd Bk fHeegarhd Wistance: ©Ff
fromethe atomaized liguid faekandy insthis tatier implementation,fthel. This
pumary, jgts gre fé%ferar@kg'ét“b%e‘j regulady around the atomized. 5 .y

fuel. A second jet, called the secondaryjet, is Injected at a distance 12

R T Yidaterthan thatof “the'priridiy jet 't the Afomizéd Attt the
Thisr secandalry: jet imakes: it possibie torcompigte the 10Gombustiohiofy of
the.fuel remaining da the: prodygts of thee first gomhustion,with the primaphds
jet. The quantity of secondary oxgenated gas injected therefore .
chitesporids tngg%%mmeﬁtfof th%“ﬁrimé’@%%@nat@ﬁy&%n?nﬁg&ed gas
somsaotobiain total injeetion b 15 stdickiometri¢ okydenated gashwity  of
respect e dhe quantityof fyetiniected. Jhe prooess acegrdBafo to the
quantity of fuel injected. The procegg according to
the invention may employ several secondary oxidizing
jete, injected at an egual distance from the place at
which the atomized fuel is injected, or at different
distances. The secondary oxidizing jets, injected at
an eqﬁal 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
oxidizing Jet represents abt most 30%, preferably at
most 15%, of the total guantity of oxygen injected into
the combusticn zone.

According to the invention, oxygenated gas 1is
understood  to mean a gas containing at least 80% by
volume of oxygen. Preferably, the oxygenated gas
employed in the process has an oxygen concentration of
at least 55% by volume.

The wvariocus features of the process according to
the invention, and in particular chservance of a
viscosity greater than 30x107° m?/s for the liguid fuel,
leads to the staged combustion of an atomized fluid of
which the dispersion of droplets has the following

characteristics:

- the mean droplet =size 1is greater than 100 pm,
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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

oxygan: iajecteddntodhercombustion zone bitheprimary 25 oxidizing jet
represents Q%mo%t .30% greferabliy at ,most 15%, of thet tatguargr&%ef_s

oxygen |nje d into %he COI’T\%UStIOH zone CCOI‘&I’] tO the invention,

oRygehafed @é§§§3%ﬁfdé‘i’sto%ltjooﬁﬁ%an%1@as%ﬁéﬁ nivyEl8Est oY byr e
Baivmhmaemf; bxygen. Breferably; the okygénated-gas employediisthersion

§é@éﬂ“&8§yg$'ﬂ cancghtation of qtleast, 9594 by O'HHée ThEhanie

VaI’IOUS features_ ot the proceSs according to the mventlon and

paHIETEr oBServange 81t§ B%Rﬁgco%lt)ﬁjrae%?é:reiﬁarg§§ﬁf§é n@é%r%e =
qdiffuetdeads tothedstagedtcombustioR of an atemized fluidaof  which the

the.dispersien ef.drgplets 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 diagre{er gkgre.droplgts of the dispersion

follows the Rosin-Rammler aW he dis rlbﬂtlon function f (D) of a

dispersion.5 (representing at a given point in space the probable number

oFbFsistets with atdiémBrigréaterthanD) i§ T deffied according to #igeter

Rosin-Bammilet law, bydhe ifolawihg formida: fAD) zexpeid”) Bi¥Gusion
e, R.isthe mean diameter (the mean Sauter diameter is generally

considered) and n is the diffusion ,
Thig combination produces a longer, mere uniform

and coocler oxygen flame than in the prior art. It
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 accerding to the invention alsc makes
it possible to reduce atomizing fluid consumption (as
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
particularly suited to itsg implementation in a steam
boiler. '

Figure 1 illustrates a type of Dburner for
implementing the process according to the invention.
The atomized liguid fuel injector of this burner has a
cylindrically shaped spray head 2 in which gix
cylindrical fuel injection nozzles 1 are arranged, each
placed coaxially in a c¢ylindrical nozzle 2 for
injecting atomizing fluid. All the nozzles emerge on
the front surface of the spray head 3 in the combustion
zZone . The periphery of the front surface on which
nozzles 1, 2 emerge has a frustoconical shape and the

nczzles 1, 2 emerge perpendicular to this surface.
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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
cohsuraptians (as- Rexmadciras -50%). Finalls: thesprocéss abeordingetb thend
inyention :has the: adyantage of enabling:fuel to be injested at arlewers ixed
temperature than ip'the prior art. The proce ccording.to the inyentign i
Zggp%lr%uﬁgr‘w guitga?(r)ﬂ itst%rﬁplecrﬁgr?tgﬁon??aag'%%ms%5% r?:qgé?é 19 Znd
ilestrattsss ype of BRinerden impleRientingife ProEEs<CaccdFdingtd feed
inveatigardbe atemizeddiguitsfuel dnjeetneof this burnephas a:3@ liguid
cyincically shaped, sprayhead 3.in which g oviindsiceLleliniection 7
nozzles T are arranged, each placed coaxially in a cylindrical nozzle 2 for

infeetRFaDAizing HBid: BIFhRe HEZRs SmEGETH thé foht Sdrface of
the spray head:3inzdhe comhustion 35zoner Thepetiphénsofdlie fronbbe 4

syrfage an which. pozzles 1, 2 emerge has adrustocapical shape.ard theray

nozzles 1, 2 emerge perpendicular to this surface. -e- T ered's therefore

nBHREmMIXiIAG Of FHEFfusfan® 2tofizing fdid-THe SIX Srifite re fixed
equidistant frem thie centie of the spagrhead: 3emib eguidistantefEe i each 2

othersTheynazzles aregxtended briearwards-By eenduiis designediead 3,
supplx the |iC]Léid gJLgI gast%riﬂ(iizirﬁ%[%lﬁd-to the nozzles 1, 2. The burner
a%’ochaesrthﬁr:’é“e ?ypes of Oxygen injector: - a primary oxygen injector
consisting 6@ A% Svilta NSRBI GreSIemthan 1R€ Bidlifieter Bife=C 2t

Spra¥=cond distance 1. (>1,) from the centre of the spray
head 3 either side of the gaid head.

EXAMPLE

The injector of figure 1 was employed for the
combustion of a liquid fuel with the ~following
characteristics:

- nature of the fuel: liguid heavy fuel oil,

- viscosity: 40%10°° w*/s at 100°C.

After heating to 90°C in order to obtain a
viscosity of 50x10°° w?/s, the fuel was injected with a
flow rate of 179 kg/h at an injection wvelocity of
40 m/s. The atomizing fluid was steam having an
injection wvelocity of 200 m/sg and an injection flow
rate representing 6% by weight of the fuel flow rate,
namely 10.74 kg/h.

The oxygenated gas used fof combustion had an
oxygen concentration greater than 99% by volume. The
oxygenated gas was injected with an overall flow rate
of 405 Nwm’/h and the discribution between the different
injectors was as follows:

- 5% in the primary injector 4,

- 32% in the secondary inijectors 5,

- 62% in the secondary injectors 6.
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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
characterificsS U hfare ot the faRF fiquid Heavy FGETDIS - UidGosity>" F11%
AQKIOBI2/s attCoCeATter heating to DECsN oider to dbthin a @Gmbustion

\éi%%%%iys%fﬁo%l@l@ n%§p@@}thQJcV\;a§H%jeQiQ@ Méﬁ"ﬂc%lﬂfﬁw ratgeof hé@e of
at an_injection velocity.of 40 m/s. The atomizin id v

h%\l?lﬁg an- fanjcfé:c?llén \(/%Io%%%f 58‘(5) %sgﬁg aﬁ:_ir‘?}fafcjft%on%]c ow %%t%?& Mg o f ©
réftegéiting 696 bTeight 'of thefuekfidv raté2388 nafmefy 10"24 kg/h. W11
The oxygenaieéd gas used fareombustionhad an oxyggen conceatrgion of
grgaterhan 99% by volume. The pxygepated gaswas.injected Wit an was
overall flow rate of 405 Nm3/h ang the distribution between the dlffergnt h
357G Etors wABHsTftows:" 50 i thi& Privitary ijectol s, - 33%6in & ©
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
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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 streammffuel is brought into contact with

the,stream of, atomizipg fluidionly.in the, cembystion zone, and 5 <5 4

oxygenated gas is injected into the combustion zone in theform of at
leaStiittjets: 15" &1 TE5E DG First§ét ScalledhE PRATATY ‘GddiziRG fet, 17
injedtéd:hednt theatomizéddiguics fuel Seesato bringabidut adirstoust ion
ingampleter.combustion,thesproguyctsicoming fram this first eambustion .

still comprising at least part of the fuel, 20 at least one second jet, called
the seco%”d%gy aox?di%i%gﬁeﬁtl%:]jé&%% a %‘éylst%%%é A2From't eéat%?nﬁl%gg ot

fuef Wit s Greater thaf the Bistarcer betivebhathe atomized fuel and
the primary gxidizing: jet; e astorenter intorcombustiohawithi thaipartefs =
25 {he; fuel:whichds presentdip the.predugts,coming from the first
comhustion. 2. Process.according fo Claim 1, %haracterized in that, prior.

to its atomization; the Tiquid flief hasa_30 Visedsity Of atledst 80%-10-6" ="
m2/<S1B. ProcsE atcordingts Tlaim £ sx2dcharacterized ihethatphostol on
its atomizatiod, the liquid fuel has a viscosity of between 80x10_6 m2/s

and 200 x10;6M2/8xt o gas is injected into the combustion
zone in the form of at least two jets:
at least one first jet, called the primary
oxidlizing jet, injected near to the atomized liguid
fuel s0 as to bring about a first incomplete
combustion, the products coming from this first
combustion still comprising at least part of the fuel,
.at least one second jet, called the secondary
oxidizing Jjet, injected at a distance 1, from the
atomized fuel which 1s 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.

2. Process according to Claim 1, characterized in that,
prior to its atomization, the ligquid fuel has a
viscosity of at least 80x107° n/s.

3. Process zsccording to Claim 1 or 2, characterized in
that, prior to its atomization, the liguid fuel has a

viscesity of between 80x107% m?/s and 200 = 107° m?/s.

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,



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 aceording to one of the preceding claims,
characterized in that the stream of atomizing fluid has a flow rate 15% by

weight IGWEE Préfstably 10v6towdE 10 Birthé Hotv ALtE of fife &fr8BATore
fueE 7. Rroeess decarding:td dne ofthe preceding-claivas;: eharacterized: he

in that the quantity.of 9xygen injected -nteithe combustion zene bythe ana
prim ry oxidizing jet 15 regpiesbentsn at most 302{9, d[g(gf,%ragly at most JtSQA) be

of th tptgfla’ﬁgntit?uc‘%‘ oxygen injected into thé combustion zone. 8.

= Proéess aeebfding to one of the preceding claims, 20 characterized in
that the oxygenated gas has an oxygen concentration of at least 80% by
volyme. 9. Rrocess,accardingno-enedidhepreceding claimsing  claims,
characterized in that it is implementation in a steam. g3 0OJeL. £1uid nas

i
-

25

a flow rate 15% by weight lower, preferably 10% lower,
than the flow rate of the stream of fu=sl.

7. FProcese according to one of the preceding claims,
characterized 1in that the guantity of oxygen injected
ints the combustion zone by the primary oxidizing jet
represents at most 30%, preferably at most 15%, cf the
total gquantity of oxygen injected into the combustion
TONE .

8. Prpocess according to one of the preceding claims,
characterized in that the oxygenated gas has an oxygen

concentration of at lesast B0% by volume.

9. Procegss according to one of the preceding ciaims,
characterized in that it is implementation in a stesam

hailer.



