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(54) Liquid-fuel burner combustion head

(57)  Aliquid-fuel burner combustion head (100) hav-
ing, among other things, a cap (11) fixed to a cylindrical
body (3) to divide a stream of primary air (A1) into at least
three portions (A1r, A1sw, A1a). To do this, a number of
equally spaced, calibrated, radial holes (12) are formed
in a cylindrical surface (11bc) of the cap (11), and a
number of equally spaced, inclined slots (13) are formed
in an end surface (11bf) of the cap (11). An axial hole
(14) is also formed in the end surface (11bf) of the cap
(11), where the atomized liquid fuel comes out of a nozzle
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Description

[0001] The present invention relates to a burner com-
bustion head, particularly suitable for burning low NO,
emission liquid fuel.

[0002] Asisknown, inliquid-fuel burners, the combus-
tion reaction between the fuel and combustion supporter
is produced by a combustion head substantially compris-
ing a tubular conduit, which conducts the combustion
supporting fluid from a blower into the combustion cham-
ber, and the combustion supporting fluid mixes with a
liquid fuel atomized by one or more nozzles.

[0003] A known ignition device ignites the mixture to
initiate combustion.

[0004] One of the main drawbacks of combustion
heads, ecologically speaking, is the production, during
combustion, of nitric oxides NO,, which cause pollution.
[0005] Research into the production of nitric oxides
NO, has revealed they are mainly generated at high
flame temperature.

[0006] Forthisreason, burners have beendevisedfea-
turing combustion heads, in which the temperature of the
flame is reduced by recirculating part of the combustion
fumes inside the combustion head and the flame itself.
[0007] The fumes are recirculated inside the flame us-
ing the high outflow speed of the air from the burner head,
which produces a so-called "entrainment" effect, by
which the fumes in the combustion chamber are drawn
into the flame and, since they play no part in the com-
bustion reaction, absorb heat, thus cooling the flame and
reducing nitric oxide NOy emissions.

[0008] Known solutions indeed provide for reducing
the nitric oxides in the fumes to permissible regulation
values, but only give good results with small-size burners,
in which the flame, having a fairly large surface with re-
spect to its volume, is easily penetrated by the fumes.
[0009] Conversely, in the case of medium-large-size
burners, in which the flame surface (and therefore the
exchange surface) is fairly small with respect to the vol-
ume of the flame, flame penetration by the fumes poses
problems.

[0010] It is a main object of the present invention to
eliminate this drawback.

[0011] More specifically, one object of the invention is
to provide a combustion head which, as compared with
known combustion heads, provides for improved mixing
of the combustion supporting air and the fumes present
in the combustion chamber, to reduce the presence of
nitric oxides NOy.

[0012] Anotherobject of the presentinventionis to pro-
vide a combustion head which recirculates the fumes
present in the combustion chamber to premix them with
the combustion supporting air upstream from the com-
bustion region, so as to reduce the temperature of the
flame.

[0013] Anotherobject of the presentinventionis to pro-
vide a combustion head which mixes the recirculated
fumes and the combustion supporting air more effectively
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as compared with known combustion heads.

[0014] Another drawback of known combustion heads
is the formation of large carbon deposits on the front of
the head, and which may interfere with the fuel spray
from the nozzle, thus impairing combustion.

[0015] Itis therefore a further object of the present in-
vention to prevent the formation of such carbon deposits.
[0016] The combustion head according to the present
invention is also easier to produce, as compared with
known combustion heads.

[0017] According to the presentinvention, there is pro-
vided a liquid-fuel combustion head, as claimed in Claim
1.

[0018] A non-limiting embodiment of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 (and relative detail) shows an overall longi-
tudinal section of the combustion head which is the
main object of the present invention;

Figure 2 shows a front view in perspective of the
Figure 1 combustion head;

Figure 3 shows a front view of the Figure 1 and 2
combustion head;

Figure 4A shows a rear view of a first detail of the
combustion head in Figures 1, 2, 3;

Figure 4B shows a side view of the Figure 4A detail;
Figure 4C shows a section A-A of the Figure 4A de-
tail;

Figure 5A shows a front view of a second detail of
the combustion head in Figures 1, 2, 3;

Figure 5B shows a section B-B of the Figure 5A de-
tail;

Figure 5C shows a section C-C of the Figure 5A de-
tail;

Figure 6 shows the Figure 1-3 combustion head with
a tertiary-combustion region, a secondary-combus-
tion region, and an internal-recirculation region in a
combustion chamber with which the combustion
head is combined;

Figure 7 shows the Figure 1-3 combustion head with
primary-combustion regions in a combustion cham-
ber with which the combustion head is combined.
Figure 1 shows a combustion head 100 in accord-
ance with the present invention.

[0019] As shown in Figure 1, a liquid fuel (e.g. gas oil)
is fed to a nozzle 2 by a central pipe 1 (having a longitu-
dinal axis of symmetry X).

[0020] Nozzle 2 atomizes the liquid fuel in known man-
ner inside a combustion chamber CC (see below).
[0021] Pipe 1 is fitted coaxially with a cylindrical body
3, the outer cylindrical surface of which has equally
spaced grooves 4 sloping with respect to longitudinal axis
of symmetry X (see also Figures 4A, 4B, 4C).

[0022] A number of equally spaced calibrated holes 5
are formed, parallel to axis X, in the inner portion of cy-
lindrical body 3 (see also Figure 4A), and cylindrical body
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3 also comprises a central through hole FC for insertion
of central pipe 1.

[0023] An intermediate pipe 6, of the same inside di-
ameter as cylindrical body 3, is fixed to the outer surface
of cylindrical body 3 (coaxially with both pipe 1 and cy-
lindrical body 3), and comprises a tapered portion 6a
downstream from cylindrical body 3 for the reasons ex-
plained in detail below.

[0024] A first channel C1, for feeding combustion sup-
porting fluid (e.g. air) to nozzle 2 and combustion cham-
ber CC, is therefore defined between central pipe 1 and
intermediate pipe 6.

[0025] Intermediate pipe 6 is fitted with a coaxial cyl-
inder 7, which can be slid in either of the axial directions
indicated by arrow F by an operator or an actuator (not
shown) using a bracket 8 connected to coaxial cylinder 7.
[0026] Coaxial cylinder 7 is fitted (by known means)
with a toroidal ring 9, which, in the Figure 1 embodiment,
has a triangular cross section.

[0027] An outer pipe 10 is fitted coaxially with axis X,
central pipe 1, cylindrical body 3, intermediate pipe 6,
and coaxial cylinder 7, and terminates with a truncated-
cone-shaped edge 10a at the free end facing combustion
chamber CC.

[0028] A second channel C2, for feeding combustion
supporting fluid (e.g. air) to combustion chamber CC, is
therefore defined between intermediate pipe 6 and outer
pipe 10.

[0029] As explained in more detail below, the amount
of combustion supporting fluid fed into combustion cham-
ber CC along second channel C2 is regulated by adjust-
ing the distance D between toroidal ring 9 and truncated-
cone-shaped edge 10a, which is obviously done by sim-
ply moving coaxial cylinder 7 in either of the directions
indicated by arrow F.

[0030] Cylindrical body 3 is fitted, in inventive manner,
with a cap 11.
[0031] In the preferred embodiment in Figure 1, cap

11 comprises two superimposed cylindrical portions 11a,
11b of different diameters. More specifically, portion 11a,
which is the portion actually fixed to cylindrical body 3,
is larger in diameter than portion 11b.

[0032] As shown in more detail in Figures 5A, 5B, 5C,
a number of equally spaced, calibrated, radial holes 12
are formed in a cylindrical surface 11bc of portion 11b;
and a number of equally spaced slots 13, sloping with
respect to axis X (see Figures 2, 3, 5A in particular), are
formed in an end surface 11bf of portion 11b.

[0033] In a preferred solution, slots 13 slope in the
same direction as, but not necessarily at the same angle
as, grooves 4.

[0034] Inend surface 11bf of portion 11b of cap 11, an
axial hole 14 (Figures 1, 2, 5A) is formed precisely where
the atomized liquid fuel comes out of nozzle 2.

[0035] As shown in Figures 1, 6, 7, cap 11 is supplied
with combustion supporting fluid through calibrated holes
5 in cylindrical body 3.

[0036] In actual use, a fan (not shown) supplies an
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adequate stream of combustion supporting fluid (e.g. air),
which is conducted into outer pipe 10 enclosing the whole
of combustion head 100.

[0037] By virtue of the geometry of combustion head
100 described above, the air stream is then divided into
three partial streams referred to respectively as primary
air A1, secondary air A2, and tertiary air A3 (Figures 1,
3,6,7).

[0038] More specifically, primary air A1 and secondary
air A2 flow inside channel C1, while tertiary air A3 is fed
along channel C2 (Figure 1).

[0039] The flow of primary air A1 is determined by the
number and section of calibrated holes 5, and is subse-
quently further divided into radial primary air A1r (out of
holes 12), swirled primary air A1sw (out of slots 13), and
axial primary air A1a (out of central hole 14) (Figures 1,
3, 7).

[0040] The flow of secondary air A2 is determined by
the number and section of grooves 4 in cylindrical body 3.
[0041] Downstream from cylindrical body 3, secondary
air stream A2 - which, downstream from cylindrical body
3, will be referred to as A2sw, for the sake of simplicity -
has a high swirl component, and its expansion is con-
tained substantially inside tapered portion 6a.

[0042] The flow of tertiary air A3 is determined by dis-
tance D between toroidal ring 9 and truncated-cone-
shaped edge 10a; which distance D is adjustable as de-
scribed previously.

[0043] The high momentum of tertiary air stream A3
produces, immediately downstream from truncated-
cone-shaped edge 10a, an entrainment effect on the sur-
rounding fluid. During combustion, this fluid comprises
combustion products, some of which (Fr - Figures 1, 3,
6) are entrained by and mix with stream A3 (see below).
[0044] The combustion mechanisms are as follows.
[0045] The fuelis atomized by nozzle 2 (Figure 6). Giv-
en the high kinetic energy of the fuel droplets, only a
minimum number are affected by secondary air stream
A2sw, while most reach tertiary air stream A3.

[0046] The small amount of fuel affected by secondary
air stream A2sw is nevertheless sufficient to feed a sec-
ondary-combustion region (Figure 6) detached from and
located further forward with respect to the end portion of
combustion head 100. The secondary-combustion re-
gion is characterized by a strong swirl (and turbulence)
component which ensures stable combustion, also by
virtue of internally recirculating hydrocarbon fragments
(see below).

[0047] The temperature of the secondary-combustion
region is fairly low (i.e. below 900°K, which is the tem-
perature above which the thermal NO, formation process
begins to have a noticeable effect) for substantially two
reasons:

1 - the flow of secondary air A2 is much greater than
the theoretical stoichiometric conditions of the sec-
ondary-combustion region; the surplus of secondary
air A2 therefore assists in reducing the temperature
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of the secondary-combustion region (in fact, the sur-
plus air not involved in the combustion reaction is an
inert which absorbs heat);

2 -the high degree of turbulence in the field of motion
provides for effectively mixing the combustion sup-
porter and fuel, and so preventing the formation of
regions with close to stoichiometric local combustion
supporter/fuel conditions; which regions, as is
known, are those which produce the highest temper-
atures of all.

[0048] In conventional flames, on the other hand, sec-
ondary-combustion region temperatures are high be-
cause of the mixing conditions, which, in certain points,
may be close to stoichiometric, thus resulting in the for-
mation of considerable amounts of NO,.

[0049] Most of the fuel, however, defined by the larger,
faster droplets (with greater kinetic energy) in the spray
produced by nozzle 2, reaches tertiary air stream A3,
where it produces a tertiary-combustion region (Figure
6).

[0050] In the tertiary-combustion region, combustion
takes place in, on average, close to stoichiometric con-
ditions (to begin with, even with a shortage of air), but
temperature is nevertheless still reduced by the presence
of recirculated fumes Fr (Figures 1, 6).

[0051] The high velocity of tertiary air stream A3, in
fact, has an entrainment effect on the combustion prod-
ucts inside combustion chamber CC. Recirculated fumes
Fr also act as heat-absorbing inerts in direct proportion
to the extent to which the combustion supporter and re-
circulated fumes are mixed.

[0052] Incombustion head 100 according to the inven-
tion, recirculated fumes Fr are allowed to mix well with
tertiary air A3 before this becomes involved in the com-
bustion process.

[0053] That s, tapered portion 6a (Figure 1) (close to
which the "Coanda effect" causes tertiary air A3 to flow)
gives tertiary air A3 and recirculated fumes Fr enough
time and space to mix effectively before reaching the
tertiary-combustion region.

[0054] Moreover, the fact that the tertiary-combustion
region, in which most of the fuel is burned, is located in
the outer portion of the frame provides for improved heat
exchange between the flame and the surrounding envi-
ronment, thus further cooling the flame. The above phe-
nomena combine to reduce the formation of thermal NO,
by reducing the temperature of the flame.

[0055] Moreover, primary air stream A1 and the way
in which it is distributed in cap 11 establish primary-com-
bustion regions (Figure 7) for mainly keeping combustion
head 100 clean close to nozzle 2.

[0056] That is, the swirling motion of secondary air
stream A2sw produces a helical motion inside the stream
(Figure 1) in the opposite axial direction (towards com-
bustion head 100). In other words, secondary air stream
A2sw produces a central depression, which in turn pro-
duces internal recirculation R1 (Figures 6, 7) of hydro-
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carbon fragments, which, as is known, are fragments of
partly burnt fuel.

[0057] The hydrocarbonfragments are highly reactive,
and partly fuel the secondary-combustion region to assist
in stabilizing the flame.

[0058] The hydrocarbon fragments with greater kinetic
energy, however, manage to reach the portion of com-
bustion head 100 surrounding nozzle 2. Since this portion
of combustion head 100 is cooled by the airflow from
behind, the hydrocarbon fragments, if there were no pri-
mary-combustion region, would settle on the cold surfac-
es, thus forming carbon deposits, which would eventually
be thick enough to interfere with the fuel spray from noz-
zle 2, thus impairing the combustion process.

[0059] The presence, however, of aflame front clinging
to the surface of cap 11 (Figure 7) allows the combustion
reaction of the hydrocarbon fragments to be completed.
[0060] Given the small size of the primary-combustion
region, the percentage of total NO, production is negli-
gible.

Claims
1. A burner combustion head (100) comprising:

- acentral pipe (1) supplied with a liquid fuel and
fitted on one end with a nozzle (2) for atomizing
said liquid fuel in a combustion chamber (CC);
- an intermediate pipe (6) coaxial with and out-
side said central pipe (1), with which it defines
a first conduit (C1) for feeding a first stream of
combustion supporting fluid (A1) and a second
stream of combustion supporting fluid (A2) to
said combustion chamber (CC); a cylindrical
body (3) being interposed between said central
pipe (1) and said intermediate pipe (6), and hav-
ing openings (4) for imparting a swirling motion
to said second stream of combustion supporting
fluid (A2); said cylindrical body (3) also feeding
said first stream of combustion supporting fluid
(A1) to said nozzle (2); and

- an outer pipe (10) coaxial with said intermedi-
ate pipe (6), with which it defines a second con-
duit (C2) for feeding a third stream of combustion
supporting fluid (A3) to said combustion cham-
ber;

the combustion head being characterized by also
comprising a cap (11) fixed to said cylindrical body
(3) to divide said first stream of combustion support-
ing fluid (A1) into at least three portions (A1r, Alsw,
Ala).

2. A combustion head (100) as claimed in Claim 1,
characterized in that said cap (11) is located inside
a tapered portion (6a) of said intermediate pipe (6).
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A combustion head (100) as claimed in any one of
the foregoing Claims, characterized in that said
cap (11) comprises two superimposed cylindrical
portions (11a, 11b) of different diameters.

A combustion head (100) as claimed in Claim 3,
characterized in that said portion (11a) is larger in
diameter than said portion (11b); said portion (11b)
being fixed to said cylindrical body (3).

10
A combustion head (100) as claimed in any one of
the foregoing Claims, characterized in that a
number of equally spaced, calibrated, radial holes
(12) are formed in a cylindrical surface (11bc) of said
cap (11), and a number of equally spaced, inclined 15
slots (13) are formed in an end surface (11bf) of said
cap (11).

A combustion head (100) as claimed in Claim 5,
characterized in that an axial hole (14) is also 20
formed in said end surface (11bf) of said cap (11),
where the atomized liquid fuel comes out of said noz-

zle (2).

A combustion head (100) as claimed in any one of 25
the foregoing Claims, characterized in that the out-

let section of said second conduit (C2) is adjustable.

A combustion head (100) as claimed in Claim 7,

characterized in that said second conduit (C2) is 30
adjustable by displacement of a toroidal member (9).

35

40

45

50

55



EP 1705 424 A1

S

<,m<z_mw _ w
ANOILSNENOD =zt | \
I0 3NOZ ,,//%-# \
S | \. e, ¢ I—<
S ==
EC - L — H -
Svles B -1y
\\ \.ir,\
ViIVWINd Lt T \
ANOILSNEWOD .~ YN N
Id 3INOZ - NN . ;
W YL LTSI

F/f/f/aﬂ&f//f/}////n.

LS S S S B M L B Vit 0 0 e W et w40 e e e S,

------



EP 1705 424 A1

gbi4

VIYVIZE3L
3INOILSNBW0D 10 YN ON./
e - - l"/l :
- =S ——
( )
«IIIITITTTTTTIT
™OONdaN I~
003dIY 10 WYNOZ--C """~~~ """~ ~
VISVONODIS -~ _ _ - —— - —— - __ "
INOISNBWOD 10 WNOZ <___ __ __ _ =
\\\\\ I/V e, B
S T
llllllllllll —_— - ._m.—.mq .mq
VibvIZY3l ) - x -

3NCUSNEW0D 10 YNOZ ] \



EP 1705 424 A1




EP 1705 424 A1

(/eI







EP 1705 424 A1

13

i

14

8“'--—>

13

F ig.2

11



EP 1705 424 A1

c2 10 10a
Fr 100

7 7 77
//4///{/// I ——fa

D
A2 R T

R
//(//

c2 Figl
v, 9
6

N
\
] \

5—

3,/

C1

12



no

EPO FORM 1503 03.82 (P04C01)

EP 1705 424 A1

0’) E‘f‘f’i::ea" Patent  EUROPEAN SEARCH REPORT

Application Number

EP 05 42 5122

DOCUMENTS CONSIDERED TO BE RELEVANT
Categor Citation of document with indication, where appropriate, Relev_ant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (Int.CL.7)
X EP 0 160 134 A (CANADIAN PATENTS AND 1 F23D11/10
DEVELOPMENT LIMITED) F23D11/40
6 November 1985 (1985-11-06) F23D11/24
* page 3, line 15 - Tine 35 *
* page 4, line 16 - Tine 40 *
* page 5, line 8 - line 23 *
* figures 1-5 *
X DE 43 27 497 Al 1,3,7,8
(KRAFT-INDUSTRIEWAERMETECHNIK DR. RICKE
GMBH, 63768 HOESBACH, DE)
27 April 1995 (1995-04-27)
Y 2,5,6
* column 4, line 25 - column 6, line 2;
figures 1-4 *
Y GB 1 502 459 A (OFR SPA) 2,5,6
1 March 1978 (1978-03-01)
* page 1, line 66 - page 2, line 75;
figure *
_____ TECHNICAL FIELDS
A EP 0 579 008 A 1 SEARCHED (Int.CL.7)
(KRAFT-INDUSTRIEWARMETECHNIK DR. RICKE F23D
GMBH) 19 January 1994 (1994-01-19)
* column 4, line 27 - column 5, line 56 *
* column 7, line 32 - column 8, line 19;
figures 1-4 *
A US 3 979 069 A (GAROFALO ET AL) 1
7 September 1976 (1976-09-07)
* column 2, line 54 - column 3, line 7 *
* column 3, line 41 - line 48 *
* figures 4,5 *
A US 6 247 317 Bl (KOSTKA RICHARD ALAN) 1
19 June 2001 (2001-06-19)
* column 3, line 14 - column 4, line 39;
figures 2-4a *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 24 October 2005 Gavriliu, C
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technological backgroUund e e et ae et
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

13




EP 1705 424 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 05 42 5122

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

24-10-2005
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0160134 A 06-11-1985 CA 1167369 Al 15-05-1984

DE 4327497 Al 27-04-1995  NONE

GB 1502459 A 01-03-1978 DE 7523827 U 13-11-1975
FR 2342010 A7 16-09-1977

EP 0579008 A 19-01-1994 CN 1085643 A 20-04-1994
DE 4222839 Al 13-01-1994

US 3979069 A 07-09-1976  NONE

US 6247317 Bl 19-06-2001  CA 2332359 Al 02-12-1999
WO 9961838 Al 02-12-1999
CZ 20004341 A3 16-01-2002
DE 69911008 D1 09-10-2003
DE 69911008 T2 01-04-2004
EP 1080327 Al 07-03-2001
JP 2002516976 T 11-06-2002
PL 344339 Al 05-11-2001
Us 6082113 A 04-07-2000
us 6289677 B1 18-09-2001

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14




	bibliography
	description
	claims
	drawings
	search report

