ORI

METHOD FCR GOMBUSTION CF A LIQJ D romL WTH STAGED
ATOMIZATION )

The present invention relates, on the one hand, to
a method for combustion of a liquid fueI conpr|3|sng the
steps for producing a spray (10) of the I|qU|demI by
injecting a main stream (3) of an atomlzlng gas IS
contact with the liquid fuel (4), the sald methad being
characterized an that at |east one secondary stream (115
of atomizing gas is injected close to t spray (10) iS
order to produce a secondary atonlzatlon of the said
spray (10) prior to its contact with a jet of dxidized
in order to carry out the conbustion of the spray, and,
on the other, to a burner 1mP} | ~such a
conbustion net hod.

Figurel
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CLAI M5

1 Method for combustion of a liquid tue]

conprising the steps for producing a pray (10) of th
liquid fuel by injecting a main s&&eam (3) of ar
atomizing gas in contact with the lighid fuel (4), the
sa1  method being characterized in that' al least one
secondary stream (1, 5) of atomzmg| gas is injectec
clogse to the spray (10) in order to prfodupe a setcondar)t
atomization of the said spray (10) prIOF to its contact’
with a jet of oxidizer in order te carry OUt thd
combust ion Ef e fuel. K |

!
|
re

2, Conbustion  net hod according'? Cto  claim 1)
characterized in that the secondar tream (1) of{_
atomizing gas is injected in a diredt parallel to

the injection direction of the liquid fuel.

3. Combustion method accordi ng. ', to Claim 1)
characterized in that the secondary gtream (5) Of!_:
atomizing gas s injected in an obtllique directio
converging towards the injection d{lrecnon of thd
liquid fuel '

4. Conmbustion nethod according any one or
Gains 1 to 3, characterized in that ‘the secondaryj{
stream (1, 5 of atomzing gas is )I.njeCted SO as to

produce a turbullent flow. X

[l
1.

5. Conbustion nethod according to. any one of
Claims 1 to 4, characterized in that the at om zi ng gas
flow rate in the secondary stream (11 ‘5§ of atlom121n1
gas represents between 20% and 70% of the total flo
rate of atom zing gas. - '

t' I
6. Combustion nethod according any one o
Jdaims 1 to 5, characterized in thlait the secondarj'
stream (1, 5) of atomizing gas is "divided into a
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plurality  of streams infjected in a uniformly
distributed pmanner and equidi stant aroun_d the liquid
fuell, stream (). K

7. Combustion nethod according tol any one of
Claims 1 to 6, characterized in that the oxidizer | et
is divided into a primary oxidizer jet _ and a secondary
oxidizer jet, the primary oxidizer Jet bemg mjected
close to the liquid fuel spray in order to cause a
firsct jnconplete combustion, the gaqep i ssuing from
this tirst conbustion still conprisi ng at least part of
the fuel, while the secondary oxidizer Jet i's injectedy
at a distance 1, from the fuel spray wh;ch I's higher
than the distance between the liquid ﬁuel j et and the
primary oxidizer jet closest to the lmuJ.d f uel spray ]
in order to enter into combustion w1tt 't he part of ther
fuel preeent in the gases issuing }irom the first

combustion. ; G '. )
hoo : 3

8. Burner comprising at |east ooe liquid fue“
injection neans (7) conbined vvlth ‘at | east onef'l
atom zing gas injection nmeans (8 in otmer to produce :
fuel spray (10) , and at |east one oiudlzer 1n]ect10

means, Characterized in that it compr _at | east one
secondary atomizing Qgas injection means (11, 12, 14)!:
arranged close to the fuel injection mearns. : :

9. Burner according to daim 8, qharacter:,zed in

that the secondary atom zing gas 1nj¢c1t1|0n neans (1,¢

12, 14) is obtained by bypassing a commen atomizing gas
Pl . !

feed (9). oy ,
10. Burner according to either of claims 8 and 9,
characterized in that the secondary i means{
(11, 12, 14) is oriented parall el to o;- obliquely tO
the fuel injection meaR® (7). [H | | 4;:

Dated this 20/7/2006 \f—"/L
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The present invention relates to a nethod fof
combustion of a liquid fuel, and to a burneg

I npl ementing the same.

During the installation of a combustion system fOr an
industrial furnace, for exanple, one of the majo
concerns 1is to optimize the combusti'cmlefficienCy by
optimally controlling the flame properties, whil I
meeting the needs of the heated method in terns of heatj
transfers and minimzing air pollutant releases. '
The two-phase conbustion of a quui'd' fuel Dby ar 3_
oxidizing gas COnNprises two main steps before th
actual combustion takes place. In the first step, it!..‘
IS necessary t0 atomize the liquid: fuel using a:
atomizing gas 1injected so aS tO destabjlize t he llq\.ll(l
fuel stream and to form a fuel spray ith a hlghel
contact surface area with the oxidizer in order t
pronote the coembustion. The atomizing gas used nay bed
air, oxygen, steam or even natural gas, for exanple
It 1s then necessary for the liquid fuel drops thu
formed to evaporate before the fuel ‘burns With th &
oxidizer. Since the fuel drop vaporization time !
longer than the reaction tine, the ':m;ﬂxture of the
reagents  and, in  consequence,  thé  combust iod
properties, essentially depend on the charactensuc
of the fuel spray, particularly the size of the fuel:
drops formed. : !' i

The spray characteristics depend on'l the type of ;
I njector used. Mst injectors use a high spee
differential between the atomizing gas and the liqui
fuel to destabilize the fuel and for '_tlj‘xe spray. Tw
types of injector are available accordiné to whet her
high speed fiow iS inposed on the fuel '_'or' the atomizin
gas, that is, nmechanical injectors in which the fuel 1
subjected tO high pressure and flow “. aft hi gh spee
through a small-dianeter orifice, and 1n“1ectors call
“dual fluid” injectoxrs in which a fuel ]et flows at af
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relatively |ow speed and iS destabilized DY @ nig h
speed flow of atomzing gas. However, mechanica }
injectors are little used because, on the one hand}
the jncur higher risks of blockimg , of the fue}
injection orifice by deposits, and on the other, §
limted flow range due to the high cost of theg
compressors needed to reach high |iquid'ptessures, |

Dual fluid injectors can allow for very high atomizi
gae tlow speeds. |n this category, a distinction i ng
made between air-assisted atom zers, gperating With lo &
flow rates of gas ejected at very high speed, and spray 4
atomizers characterized by lower atomizing gas f1
speeds but higher flow rates. Two fluidg can be mixeg
in a confined environment (internal m:.xnng I nj ector) of
outside the injection system ({external mixi n
injector) . ; :

Furthermore, the liquid fuel flow may optionally be
oriented to form a film on an approprlate surface
before its contact wth the atomizing gas flow In
this case, the inector is called a prefilmi
atomizer, Wth prior formation of a liguid film and i
the opposite case, a plain jet atomizer, with ful
liquid flow, -

The most commonly uaed injectors in oxy-combustion aré
injectors Of the dual flow type with spray| ng wth an
atom zing gas speed |over than 200 m. wth extern aj
mixing, and plain jet injectors '

The conbustion properties of a spray produced by such
injectors are mainly controlled by ‘changing th
relative atomizing gas and liquid £  speeds.|s I
doing so, the nean drop size of the fuel spray is}
modi fied, and consequently, the vrapo;nzatmn ti neng
conpared with the conbustion reaction | ‘time is als'
changed. The drop size and vaponzamor‘x time contro];
the nmixing of the evaporated fuel wikh| the oxidizer}
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and are hence very inportant combustion parameters,
determining particularly whether thé conbustion is
conplete or not.  However, although ontrolling the
injection speeds serves to adjust the properties of the
spray and of the two-phase conbustion do adapt them tof
the heated process, such injectors still have a |ack of
flexibility. |

For exanple, it is difficult to effectiﬁ;jrelgy control theh
cooling of the injector. In fact, an jinecrease in the
atomizing gas flow rate results in a xeduction in the
nmean drop size, and consequently, a closer reacti onf
zone and hence overheating of the injector. '

e i e

Moreover, for an excessively high atemizing gas flo 1
rate, the atomization node nay go from a fibre mode,|
that is, wth a fully developed 1iq}§ic_'i cone, to aj
superpulse Node, that is, with a short and truncated|
liquid cone. In this case, the reactiolj zone is |iabl e}
to stabilize in the inmediate neighlzgou:;rhood of the

purner and cause itsS destruction. , Moreover, anj
excessively high atomzing gas speed can also cause]'
instability of the flane. In fact, it has beenl

denonstrated that the stability of the flame coul d be15
related to the ratio of the mixing time to thq
characteristic tinme of the combustion, chemstry, thej
flanme being stable when this ratio is above 1- In th
case of an excessive increase in chae'; atomizing ga '
speed, the mxing time becones shorter than th :
characteristic time of the conbustion chemistry, and}
the stability condition is no |longer satisfied. '
Anot her drawback is that the spray c@haracteristici
affect. several paraneters which ar therefore nof
possible to control independently £ one another{
Thus, .t iS not possible to control thd spray drop siz
and spray angle independently, chardcteristic bot
dependent on the ratio of the momentu of atom zi ng gas¥
to that of the fuel. Mre partigilarly, if this#
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momentum ratio is lover than s, an, increase IN th
atomzing gas flow rate simultanecuslly results 1IN a
decrease 1in the drop size and a widepfin‘g of the spra
angle, the flame being liable to inteq‘r‘gcé w th those of §
adijacent burners.

Another drawback appears in the case an V\hl ch a hig |"
viscosity fuel is used. INn this case, a simpl
atomizing gas stream injected in a ring around ¢
liquid fuel stream does not permt unlform atomizatio
producing a spray with uniformdrop sizes. This cause
i rregul ar conbust i on and problemg  Of flam*
stabilization. o F
1t is the object of the present inven;{;icfm t0 overcom !
the abovementioned drawbacks and therefore consists of
a nethod for conbustion of a liquid fuel conprising th<
steps for producing a spray of the: liquid fuel b !
injecting a main streamof an atomizing gas in contac ';f
with the liquid fuel, the said method being}
characterized in that at least one seconéary streamof £
atonzing gas s injected close t0 the spray in orderg
to produce a secondary atom zation o{ﬁ the said spray;
prior to ats contact with a jet of oxlda.zbr i n order to
carry out the combustion Of the fuel.

Thus, for the same total atomizing ga flow rate, thé
flow rate of the first atomizing scrcfgmlis decreased
causing the formation of a spray with a higher size of H
the drops forned in the neighbourhood, of the injector
The fuel drops of the first spray then undergo a second
atom zation, leading to a nodified Bpray With smalle#

drops. A first spray having already been forned, thl
secondary atomzation iS more effective; particularlj
in the case of a high viscosity fuel, ";Jimé entrains th

drops of the modified spray further firom the injector.

Due t0 this staged atonization of the: h id fuel, th
combustion reaction takes place fu!rther from the
injector, thereby decreasing the rasxs of burner
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overheating and destruction. It a1s inportant to
observe that in the case in which e burner has
retractable injection head, the secondary atomizatio
allows 1t to operate Wth a highex retraction.|
Moreover, the atomzing gas flows the{re{by mult:.phe
permit nore effective cooling of the burner The
injector service life is thereby 1nqre&ased and |ts
maintenance reduced. o l"
' !

This  improvement in cooling the injector I's
particularly advantageous in the case in which the
atomizing gas used iS oxygen, a gas for V\hl ch the rxsk%
of overheating are high.

Iy f

Furthernore, the presence of a secondlarﬁr atomization
stream reduces the dependence betV\een the drop sxze'l
(flame |length) and the spray angle (flama wi dt h) by
limting the increase of the latter. The flane Iength
can therefore be controlled nore eas;llyl. hile Ilmtlng}r

the risks of interaction wth adjacent bhzrner flames. |
I| ? !

A further advantage of the invention |s the reductiorn
of emssions of NX compounds. In fact, the flangy
tenperature obtained is nore unlform‘ so that NO)d:
formation is reduced. This process is |accentuated by a
better dilution of the reagents and combustion productd
t hankst ot he secondaryat om zi nggasst ream .

I . !
According t0 a first exenplary emdodiment of the,
met hod, the secondary stream of afqoauzmg gas | 34
injected in a direction parallel t the injection
direction of the liquid fuel. Y 1

T

According to a second exenplary enbodiment of th':
method, the secondary stream of amcamzmg gas ia"
injected in an oblique direction convq ging toards the
injection direction of the liquid fueli Thi s makes |t
possible to control the spray angle m)re accu!rately

the nodified spray angle being equal t twice the angle
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between the secondary atonizing gas stream injection
direction and the fuel flow direction. Advantagecusly, |
the secondary atomzing gas stream is _injected at an'
angle of between 0 and 60°, praferably at an angle of
between 0 and 30°. o .I I

o
Optionally, adjusting means can b:e”' provided for}
orienting the secondary atomzing gas am i nj ection
direction as regards the liquid fuel injection
direction in order to increase the flame width, and
congequently, the heat transfer to the heated process,’
i f necessary. :: - | '

b .- i.
Advantageously, the secondary stream £ atonizing gas
is injected so as to produce a turbullent fiow. . Thus, '_
the turbulent flow inproves the d|Iut|on of thejf
reagents and combustion products andJ ‘rther reduces]
the emissions of NOX conpounds. . )
i: :
Preferably, the secondary atonizing ’ga flow rate.
repregents between 20% and 70% of the total flow ratelj

of atomzing gas. -

Advant ageously, the secondary stream of atomizing gast
is divided into a plurality of streams injected in a
uniformy distributed manner and equ:.d:dstant around th

liquid fuel stream The injection can be carried out

inter alia, by a -concentric flow dround thefuel
injection or by a plurality of openxqgs termnating in
the burner head and uniformy dlstnuuced around thé
fuel injection. Mre precisely, the fna atomizing gas
stream is injected coaxially around ‘the liquid fuel'
while the secondary stream is ected via the
plurality of openings.

B - _-
The nethod according to the invention is ideal for the
staged conmbustion process in which the oxidizer jll
injected and divided into several streans introduced at

various distances fromthe fuel spray, as described i
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particular in WD 2004/094902. Thus, the Oxidizer jet
can be divided into a prinary oxidi zer jet and a
secondary oxidizer jet, the prinary oxi di zer jet bei ng
injected close to the fuel spray in order to cause i
first incomplete conbustion, the gases issuing from
this first conbustion still comprls:.ng at least par t of
the fuel, while the secondary ox1d12er jet is 1n)ecte$
at a distance I fromthe fuel spray: which IS nigheg

than the distance between the fuei' Spray and th$

primary oxidizer jet closest to th fuel spray, in
order to enter into conbustion with the part of th.
fuel present in the gases issuing' m the firs¢
combustion. The invention also covera the caseis
which a third oxidizer jet is 1n]ectec at & distance I
from the fuel spray which is |onger !; ~the distance
1. I

The nethod according to the invention "I"S ideal for two'
phase burners an which the atomzmg as e 1njected
on the one hand, at a speed at least, 10 tines hlghe
than the fuel injection speed, and on ‘the ot her, w:.th
an atomizing gas nass flow rate hi gher t:han 10% of th
fuel mass flowrate. '
Ly
The present invention further rela'q:ps,s to a burner
i npl enenting the preceding two-phase cé et hodt
the said burner conprising at |east ome fuel mjectlo:t
means conbined with at |east on'e" atomizing gas
injection neans in order to produce a fuel spray, and*
at least one oxidizer injection means characterized in
that it conprises at |east one seconciary at om zi ng gas*
injection neans arranged close to the fuel injectio®
means . It should be observed that in the case of a
burner with highly separated jets, such a burner
comprises a prinmary oxidizer :.njgctxon neans, *
secondary oxidizer injection neans arranged at a
distance fromthe fuel injection mea “that is; Ionger
than that of the prinary injec'c;:iigoﬁ meang, ana
optionally, a tertiary oxidizer 'i'nj'ections mean
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arranged at the edge of the burner.

Advantageously, the secondary atom zi" hg gas inj ectioﬁ
neans 1s obtained by bypasesing a connon atomizing gas

f eed. The choice of the bypass lemeter serves to
define g ratio between the prinary at om zing gas stream
and the main stream Furt her advantageousl Y, thel

secondary injection means is orlented parallel to or,
. . T
obliquely to the fuel injection neans.

The implementation of the |nvent|on wll be better'
understood from the detail ed descnptwm gi ven below
with reference to the draw ng appended hereto in which:
Figure 1 is an enlarged pja::tial schemati c
representation Of a |ongitudi nal cros:g section Of an:
atomzation head of a burner addording to the
invention;
- Figure 2 is a front view of the atomizatio
head .n Figure 1; and . "
- Figure 3 is an enlarged p{éitial schemati c:
representation Of a longitudinal cmoss section oq
anot her atomization head of a burner ding to the
invention.

A conbustion nethod according te the invention 1q
inplemented by a burner conprisi ng a spray- gulde
atamization head 6 wth external mlxz.ng as shown |
Figures 1 and 2. This atomzation head ¢ conpnses

an ejection line 7 for a llqlhgd fuel stream 4,|_
delivered by a fuel feed 2; and

- an atomzing gas ejection laline8concentric;
with the fuel ejection line 7 and'coimected to ar'i\
atomzing gas feed 9 and cermmatmg( in cont act wi th
the fuel stream 4 ain order to prodube a I|qU|d fue1
spray 10 under the action of a ma at om zi ng gm.el
stream 3.

P P

Furthermore, the atomzation head 6 he& six secondar
ejection channels 11 oriented parallel to the fuel
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ejection line 7 and to the atomizing gas ejection line
8. These six secondary ejection hannels 11  arel
uniformy distributed around the ejeat;lon lines , 8
and are designed to create secondan‘y atonzing gaey
streams 1 tapped off from the atomlzllp.g gas feed 9 by
bypass channels 12. Under the effect of these
secondary atomizing gas streams 1, the |iquid fuel
spray 10 thereby wundergoes a seqdnd atomxzatlon
producing a nodified spray 13. This ITDdIerd spray 13-
Is then contacted with an oxidizer stream (not  shown),
optionally divided into a prlrrary stream and al
secondary stream to carry out the c of the'
fuel. A tertiary oxidizer feed nay alao be located at
a relatively |ong distance fromthe atomization head ¢f
and is used to inject oxygen at high speed in order t :
obtain a sufficient dilution of the reagents before the
main combustion zone and thereby to prevent an_)l
excessive formation  of t her nal jNO( compounds.l.’
Experiments have demonstrated that sueh a burner, in
which 50% of the total oxygen was injected at the{
tertiary feed level, served, all ot her' things rema1n1ng
equal, to oObtain a flane stablllzatlcm di stance equal :
to about four times the flanme stablllzbjtlon di st ance m‘fl
a conventional injector wthout secondapry atom zi ng gas
stream  This longer stabilization d| stance serves to
reduce the overheating of the atomzat|on head €4
Furthermore, it has also been demonptrated that thef
flane obtained was nore uniform and longex due to the
delayed atomzation, the spray 10 haV| ng a larger drop
size than a spray issuing from a conventional burner

whi | e the nodified spray 13 has a smaller drop size and
pecrer diluted and hence nore unifc!?.famly di stributed

drops.

. P [§
The nore uniform flame thus obtained consequent .
reduces the tenperature difference etween the hot;

spots and the col d spots.

1' ; '
A significant reduction of NOXX compoupd emissions by a
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burner equipped with an atomization helad 6 according to*
the invention has al SO been demonstracpd A reductio
by a factor of between 1.2 and 1i.s, dependmg on th
oxidizer distribution selected, can be obt ained for th’
same total atomzing gas flow rate. 'Bhu.s reduction can
be explained bv the laa of rhe raact epr ainedb yt lh
thanks to the invention. r :

|
As g variant, an atomzation head 1, a's shown in, Fi gure
. differs fromthe atom zation head 6 onIy in the fact_
that it conprises secondary ejection Ilnes 14 obl|quely
oriented by an angle a to the fuel fldw di rection. The{:
angle a is advantageously between 0 and 60°, preferably
between 0 and 30°. These secondary jection |ines 14¢
del i ver secondary atom zing gas screa’n' 5 whi ch, V\ltq
the spray 10, forma nodified spray 13 having a spray
angle of 2a. Such an atom zation hea 1 is sultable
for nore accurate adjustnment of the flama wi dt h.

| _
Although the invention has only been described in
connection W th particular embodlmen}tls it is qwte*
obvious that it is not |limted the§-eby and that |t]|
comprises all the technical equivalents of the neans
described and of their combinations if these fal

within the scope of the invention.

el

a

go
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