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(54) BIO OIL BURNER AND OIL NOZZLE

(67) A bio oil burner comprises an oil lance, at the
end of which there is an oil nozzle with spray holes for
feeding atomized oil to a furnace of a boiler. The bio oil
burner further comprises a first cylinder which together
with the oil lance delimits an annular primary air flow
channel; a second cylinder which together with the first
cylinder delimits an annular secondary air flow channel,
and a third cylinder which together with the second cyl-
inder delimits an annular tertiary air flow channel. In ad-
dition, the bio oil burner comprises a primary air swirler
annularly surrounding the oil nozzle and blocking at least
part of an outlet of the primary air flow channel. The oil
nozzle has 6 - 50 spray holes which are distributed on a
slanting circumferential surface of the oil nozzle in such
a way that said spray holes form at least two groups of
spray holes in which the spray holes are located at a
regular spacing from each other, and that between said
groups of spray holes there are intermediate spaces in
which no spray holes are present. A free end of the first
cylinder is provided with a flame stabilizing ring which
surrounds the outlet of the primary air flow channel and
blocks part of an outlet of the secondary air flow channel.
The outer diameter D, of the primary air swirler is calcu-
lated by the formula D; = a - D4y, wherein ais 0.45- 0.6
and Dy, is the inner diameter of the first cylinder.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to a bio oil burner which
is suitable for burning bio-based pyrolysis oil in heat only
boilers. The invention also relates to an oil nozzle for an
oil burner.

BACKGROUND OF THE INVENTION

[0002] The burning of heavy fuel oil and natural gas is
currently well known and commercial arrangements are
numerous. However, as the emission standards for ni-
trogen oxides (NO,) are becoming ever more stringent,
there are pressures to make modifications, and technical
improvements in devices are continuously required. In
addition to NO, emissions, also the emission standards
for carbon dioxide (CO,) will become more stringent. One
way to reduce CO, emissions is to replace the heavy fuel
oil with bio oil produced from bio-based material.
[0003] For burning gaseous, liquid and solid fuels,
there are specific separate burners optimized for that
specific type of fuel. In addition, there are hybrid burners
suitable for burning two or more different types of fuel.
[0004] Typically, the heatpower of the largest currently
manufactured heavy oil burners is 40 - 60 MW, the oil
flow fed to the burner then being 4 - 6 t/h (thousand kil-
ograms per hour). A typical oil burner comprises an oil
lance surrounded by a primary air feeding channel, a
secondary air feeding channel and a tertiary air feeding
channel. The oil can be atomized into droplets by steam
or compressed air. The fuel is sprayed by means of an
oil nozzle situated at the end of the oil lance to the hot
furnace where itimmediately ignites so as to form a flame
at the mouth of the burner. Burning is enhanced by air
flows which are fed around the flame and which are ar-
rangeable under a rotating motion by air guiding devices
provided to the air feeding channels.

[0005] The oil burner’s requirements become different
as the properties of the fuel change. Bio oil produced by
pyrolysing bio mass may contain 20 - 40 weight-% of
water. While the heating value of heavy fuel oil is approx-
imately 40 MJ/kg, the heating value of bio oil is only ap-
proximately 10 - 15 MJ/kg. To reach the same heat pow-
er, bio oil must be fed to the boiler in a greater amount
than heavy fuel oil. While the mass flow of the fuel to a
heavy fuel burner of the order of 40 - 60 MW is approx-
imately 4 - 6 t/h, in a bio oil burner of the corresponding
order the mass flow of the fuel must be approximately 10
- 12 t/h. Such a feed flow cannot be produced with the
currently used heavy oil burners. The high water content
of bio oil lowers the temperature of the flame and reduces
its stability. Bio oil may have a high nitrogen content, for
example 0.5 weight-%, which increases the NO, emis-
sions. In addition, acids are normally produced when py-
rolysing biomass, and so bio oil is most often acidic. For
example, bio oil produced from wood has a pH of approx-
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imately 2-3. To prevent high-temperature corrosion of
the boiler, it is important that the flame of the oil burner
situated at the ceiling or on the wall of the furnace under
no conditions contacts the surfaces of the boiling pipes
of the boiler.

OBJECTIVE OF THE INVENTION

[0006] The objective of the invention is to provide an
oil burner and an oil nozzle suitable for burning bio oil.
In other words, the objective is a burner by which liquid
fuel having a low heating value and low pH can be atom-
ized and burnt.

[0007] Specifically, the objective is a bio oil burner by
which it is possible, at the same time, to achieve the fol-
lowing objects or at least approach the following values:
[1] the carbon monoxide (CO) content of the flue gas is
below 100 ppm; [2] the proportion of incombustible car-
bon in the fly ash contained by the flue gas is below 5
weight-%; [3] the NO, content of the flue gas is below
400 mg/Nm3; and [4] the flame does not extend to the
walls of the furnace where it could cause high-tempera-
ture corrosion.

[0008] Since the potential means for achieving the
above objects are partly conflicting with each other, it
requires careful optimization of the structural properties
of the oil burner to achieve all of the objects at the same
time.

SUMMARY

[0009] A bio oil burner has now been proposed, com-
prising:

- anoillance, at the end of which there is an oil nozzle
with spray holes for feeding atomized oil to a furnace
of a boiler,

- afirstcylinder coaxially surrounding the oil lance and
together with the oil lance delimiting an annular pri-
mary air flow channel which ends at an outlet of the
primary air flow channel,

- asecond cylinder coaxially surrounding the first cyl-
inder and together with the first cylinder delimiting
an annular secondary air flow channel which ends
at an outlet of the secondary air flow channel,

- athird cylinder coaxially surrounding the second cyl-
inder and together with the second cylinder delimit-
ing an annular tertiary air flow channel which ends
at an outlet of the tertiary air flow channel, and

- a primary air swirler annularly surrounding the oil
nozzle and blocking at least part of the outlet of the
primary air flow channel, the bio oil burner being
characterized in that

- the oil nozzle has a slanting circumferential surface
and 6 - 50 spray holes which are distributed on the
slanting circumferential surface of the oil nozzle in
such a way that said spray holes form at least two
groups of spray holes in which the spray holes are
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located at a regular spacing S1 from each other, and
that between said groups of spray holes there are
intermediate spaces in which no spray holes are
present, and the circumferential length S2 of the in-
termediate spaces s greater than the circumferential
spacing S1 between the spray holes within the
group,

- the first cylinder has a free end at the outlet of the
primary air flow channel, and the free end of the first
cylinder is provided with a flame stabilizing ring sur-
rounding the outlet of the primary air flow channel
and blocking part of the outlet of the secondary air
flow channel, and

- the outer diameter D, of the primary air swirler is cal-
culated by the formula D; = a - D4y, wherein ais 0.45
-0.6and D,y isthe inner diameter of the first cylinder.

[0010] In addition, a bio oil burner has now been pro-
posed, comprising:

- anoil lance, at the end of which there is an oil nozzle
with spray holes for feeding atomized oil to a furnace
of a boiler,

- afirstcylinder coaxially surrounding the oil lance and
together with the oil lance delimiting an annular pri-
mary air flow channel which ends at an outlet of the
primary air flow channel,

- asecond cylinder coaxially surrounding the first cyl-
inder and together with the first cylinder delimiting
an annular secondary air flow channel which ends
at an outlet of the secondary air flow channel,

- athird cylinder coaxially surrounding the second cyl-
inder and together with the second cylinder delimit-
ing an annular tertiary air flow channel which ends
at an outlet of the tertiary air flow channel, and

- a primary air swirler annularly surrounding the oll
nozzle and blocking at least part of the outlet of the
primary air flow channel, the bio oil burner being
characterized in that

- the oil nozzle has a slanting circumferential surface
and 10 - 50 spray holes which are distributed on the
slanting circumferential surface of the oil nozzle in
such a way that said spray holes form at least two
groups of spray holes in which the spray holes are
located at a regular spacing S1 from each other, and
that between said groups of spray holes there are
intermediate spaces in which no spray holes are
present, and the circumferential length S2 of the in-
termediate spaces s greater than the circumferential
spacing S1 between the spray holes within the
group,

- the first cylinder has a free end at the outlet of the
primary air flow channel, and the free end of the first
cylinder is provided with a flame stabilizing ring sur-
rounding the outlet of the primary air flow channel
and blocking part of the outlet of the secondary air
flow channel, and
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- the outer diameter D, of the primary air swirler is cal-
culated by the formula D; = a - D4,y, wherein ais 0.45
-0.6 and D,y isthe inner diameter of the first cylinder.

[0011] In addition, an oil nozzle for an oil burner has
now been proposed, which oil nozzle has a slanting cir-
cumferential surface with spray holes, and which oil noz-
zle has 6 - 50 spray holes which are distributed on the
slanting circumferential surface of the oil nozzle in such
a way that said spray holes form at least two groups of
spray holes in which the spray holes are located at a
regular spacing S1 from each other, and that between
said groups of spray holes there are intermediate spaces
in which no spray holes are present, and the circumfer-
ential length S2 of the intermediate spaces is greater
than the circumferential spacing S1 between the spray
holes within the group.

[0012] In addition, an oil nozzle for an oil burner has
now been proposed, which oil nozzle has a slanting cir-
cumferential surface with spray holes, and which oil noz-
zle has 10 - 50 spray holes which are distributed on the
slanting circumferential surface of the oil nozzle in such
a way that said spray holes form at least two groups of
spray holes in which the spray holes are located at a
regular spacing S1 from each other, and that between
said groups of spray holes there are intermediate spaces
in which no spray holes are present, and the circumfer-
ential length S2 of the intermediate spaces is greater
than the circumferential spacing S1 between the spray
holes within the group.

[0013] Due to the large number of spray holes in the
oil nozzle, a greater mass flow of fuel can be conveyed
through the oil nozzle than by a nozzle in which the
number of spray holes is smaller. The spray holes are
furthermore provided to the oil nozzle in two or more
groups in such a way that between the groups of spray
holes there are intermediate spaces. In one embodiment
said spray holes form two, three or four groups of spray
holes. Through the intermediate spaces, primary air is
able to flow to the area of the center of the oil nozzle.
The air flowing to the area of the center enhances the
ignition of the flame in two ways. The air flowing to the
area of the center enhances the mixing of air and oil drop-
lets with each other, due to which the ignition of the fuel
is more stable. The air flowing to the area of the center
also pushes the oil particles formed in an outward direc-
tion, which furthers the ignition of the flame.

[0014] The spacing S1 is the circumferential spacing
between the centers of two successive spray holes within
the group B1,B2. The circumferential length S2 of the
intermediate space is the circumferential distance be-
tween the centers of the outermost spray holes of adja-
cent groups B1,B2 of spray holes.

[0015] In one embodiment the diameter of the spray
holes is 6 - 10 mm. In one embodiment the diameter of
the spray holes is 7.5 mm. When the diameter of the
spray holes is 7.5 mm, according to computer calcula-
tions a sufficient oil feed in obtained.
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[0016] The flame stabilizing ring attached to the free
end of the first cylinder is so located that primary air flows
on one side of it and secondary air flows on the other
side of it. The stabilizing ring blocks part of the outlet of
the secondary air flow channel in such a way that part of
the secondary air flow collides with the stabilizing ring,
whereby the flow field of the air is changed. Behind the
stabilizing ring in the secondary air flow channel a re-
duced pressure field is provided, which causes stabiliza-
tion of the flame, or at least enhances the stability of the
flame. In addition, the flame ignites better by means of
the stabilizing ring than without the stabilizing ring. Fur-
thermore, the flame stabilizing ring changes the flow field
of the flame so as to keep the flame narrow, whereby the
flame does not extend to the walls of the boiler and so
does not cause high-temperature corrosion of the walls,
or at least reduces high-temperature corrosion.

[0017] The primary air swirler blocks at least part of
the outlet of the primary air flow channel so that at least
part of the primary air flow collides with the swirler, where-
by the flow field of the air is changed. Due to the primary
air swirler according to the invention, the air flow dis-
charged from the primary air flow channel moves more
linearly toward the center of the boiler than in a burner
wherein the outer diameter of the swirler is larger. The
flame thus stays narrow and mainly does not extend to
the walls of the boiler.

[0018] By means of the structure of the oil nozzle, the
outer diameter of the swirler and the stabilizing ring, the
flow field of the entire boiler and thereby of the area ad-
jacent to the burner can be adjusted. As to the flow field
of the area adjacent to the burner, it governs the local
oxygen content and thus the formation of nitrogen oxide
emissions.

[0019] By bio oil, it is meant liquid fuel produced by
pyrolysing biomass. In one embodiment the bio oil is pro-
duced by pyrolysing wood mass. In one embodiment the
bio oil is pyrolysis oil.

[0020] By atomization, itis meant that the oil is broken
up into small droplets. In one embodiment the oil is bro-
ken up by means of a pressure medium. In one embod-
iment the pressure medium is steam. In one embodiment
the pressure medium is compressed air. In one embod-
iment the oil is broken up by adjusting the oil pressure
without the pressure medium.

[0021] The first cylinder coaxially surrounds the oil
lance. The space between the inner surface of the first
cylinder and the outer surface of the oil lance forms the
primary air flow channel. The cross section of the primary
air flow channel is annular.

[0022] The second cylinder coaxially surrounds the
first cylinder. The space between the inner surface of the
second cylinder and the outer surface of the first cylinder
forms the secondary air flow channel. The cross section
of the secondary air flow channel is annular.

[0023] The third cylinder coaxially surrounds the sec-
ond cylinder. The space between the inner surface of the
third cylinder and the outer surface of the second cylinder
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forms the tertiary air flow channel. The cross section of
the third cylinder is annular.

[0024] In one embodiment the oil nozzle has 6 - 20 or
6-140r6-120r8-200r8-140r8-120r10-20or
10 - 14 or 10 - 12 spray holes. In one embodiment the
oil nozzle has 6 - 20 spray holes. In one embodiment the
oil nozzle has 6 - 14 spray holes. In one embodiment the
oil nozzle has 6 - 12 spray holes. In one embodiment the
oil nozzle has 8 - 20 spray holes. In one embodiment the
oil nozzle has 8 - 14 spray holes. In one embodiment the
oil nozzle has 8 - 12 spray holes. In one embodiment the
oil nozzle has 10 - 20 spray holes. In one embodiment
the oil nozzle has 10 - 14 spray holes. In one embodiment
the oil nozzle has 10 - 12 spray holes.

[0025] The number and diameter of the spray holes
are determined according to the capacity of the oil nozzle.
In other words, the number and diameter of the spray
holes depend on the amount of the mass flow of fuel to
be conveyed through the oil nozzle per unit of time. In
one embodiment the power of the oil burner is 10 MW,
and the oil nozzle has 6 spray holes. In one embodiment
the power of the oil burner is 50 MW, and the oil nozzle
has 10 or 12 spray holes. The diameter of the oil nozzle
is determined according to the number and diameter of
the spray holes.

[0026] In one embodiment the oil nozzle has 10 - 50
spray holes.
[0027] In one embodiment the oil nozzle has 6 - 10

spray holes and the length of the spacing S1is 15 - 40
mm or 20 - 35 mm or 25 - 30 mm. In one embodiment
the oil nozzle has 6 - 8 spray holes and the length of the
spacing S1is 15 - 40 mm or 20 - 35 mm or 25 - 30 mm.
[0028] In one embodiment the oil nozzle has 15 - 40
spray holes. In one embodiment the oil nozzle has 20 -
25 spray holes.

[0029] In one embodiment the length of the spacing
S1is 15-40 mm or 20 - 35 mm or 25 - 30 mm. Between
two successive spray holes, air is able to flow to the area
of the center of the oil nozzle. When the spacing S1 is
sufficiently long, a sufficient amount of air is able to flow
between the successive spray holes to the area of the
center of the oil nozzle and around each individual spray
hole, which enhances the ignition of the flame.

[0030] In one embodiment the circumferential length
S2 of the intermediate spaces is 2 - 4 times greater than
the circumferential spacing S1 between the spray holes
within the group. In one embodiment the circumferential
length S2 of the intermediate spaces is 3 times greater
than the circumferential spacing S1 between the spray
holes within the group. In one embodiment the circum-
ferential length S2 of the intermediate spaces is 1.3 - 4
times or 1.5 - 3 times greater than the circumferential
spacing S1 between the spray holes within the group. Air
is able to flow to the area of the center of the oil nozzle
through the intermediate space, which enhances the ig-
nition of the flame. The air flowing to the area of the center
of the oil nozzle through the intermediate space also pro-
vides natural staging of the fuel and air at the nozzle and
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thus reduces nitrogen oxides.

[0031] In one embodiment the spray holes are distrib-
uted on the slanting circumferential surface of the oil noz-
zle in two circumferential rows. In another embodiment
the spray holes are distributed on two different slanting
circumferential surfaces in two circumferential rows.
[0032] Inone embodimentthe stabilizing ring compris-
es an annular section widening in a direction away from
the outlet of the primary air flow channel. Also, the sta-
bilizing ring may comprise a number of tooth-like projec-
tions which radially extend into the primary air flow chan-
nel. Inone embodiment the wall thickness of the widening
annular section of the stabilizing ring is steadily reduced
toward the free edge of the stabilizing ring. In one em-
bodiment the free end of the first cylinder is thinned, and
the stabilizing ring comprises a uniform annular section
which can be fitted around the thinned end of the first
cylinder and secured by a locking ring. In one embodi-
ment the stabilizing ring is made of heat-resistant steel.
The stabilizing ring may consist of one or more sections.
Said tooth-like projections can be made of heat-resistant
steel or heat-resistant ceramic material.

[0033] Inoneembodimentais0.5.In one embodiment
the outer diameter of the swirler is 120 - 180 mm. In an-
other embodiment the outer diameter of the swirler is 150
mm.

[0034] Whenthe number of spray holes in the oil nozzle
is 20 and the circumferential length S2 of the intermediate
spaces is three times greater than the circumferential
spacing S1 between the spray holes within the group,
and a is 0.5 when calculating the outer diameter of the
primary air swirler, according to computer calculations a
stable and narrow flame not extending to the walls of the
furnace is obtained. Similarly, with the above values, ac-
cording to computer calculations a carbon monoxide con-
tent below 100 ppm and a NO, content below 400
mg/Nm3 are obtained in the flue gas. In addition, with the
above values, according to computer calculations the
proportion of incombustible carbon in the fly ash con-
tained by the flue gas is below 5 weight-%.

[0035] Whenthe number of spray holes in the oil nozzle
is 10, the circumferential spacing S1 between the spray
holes within the group is 25 - 30 mm and the circumfer-
ential length S2 of the intermediate spaces is two times
greater than the circumferential spacing S1 between the
spray holes within the group, and a is 0.5 when calculat-
ing the outer diameter of the primary air swirler, according
to computer calculations and practical test results a sta-
ble and narrow flame not extending to the walls of the
furnace is obtained. Similarly, with the above values, ac-
cording to computer calculations and practical testresults
a carbon monoxide content below 50 ppm and a NO,
content below 350 mg/NmS3 are obtained in the flue gas.
In addition, with the above values, according to computer
calculations the proportion ofincombustible carbon in the
fly ash contained by the flue gas is below 5 weight-%.
[0036] Inoneembodimentthe biooil burneris provided
with gas lances located in the primary air flow channel
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and allowing the burning of gaseous fuel. In another em-
bodiment the bio oil burner is not provided with gas lanc-
es.

[0037] Inone embodiment the bio oil burner has a heat
power of 5- 60 MW. In one embodiment the bio oil burner
has a heat power of 10 - 55 MW. In one embodiment the
bio oil burner has a heat power of 20 - 50 MW. In one
embodiment the bio oil burner is used for burning bio oil
in heat only boilers which produce only heat, or heat and
steam, but no electricity. The bio oil burner can also be
used in another type of a boiler. The same boiler may be
provided with several bio oil burners.

[0038] In one embodiment the oil nozzle is designed
for a bio oil burner.

[0039] Thebiooilburnerdescribed herein provides sig-
nificant advantages over the prior art. At least some of
the embodiments described herein provide an oil burner
which is suitable for burning bio oil and by which a suffi-
cient amount of fuel can be fed to the boiler per unit of
time, and by means of which, according to computer cal-
culations, a sufficiently stable and narrow flame not sub-
jecting the surfaces of the boiler to high-temperature cor-
rosion (either at all or at least to a significant degree) is
provided. The ignition of the flame is also enhanced. The
bio oil burner according to at least some of the embodi-
ments provides, according to computer calculations, a
low content of nitrogen oxides so as to satisfy the official
regulations taking effect in the EU in 2016 (Industrial
Emission Directive, IED). Similarly, the bio oil burner ac-
cording to at least some of the embodiments provides,
according to computer calculations, a carbon monoxide
content below 50 ppm in the flue gas and a proportion of
incombustible carbon below 5 weight-% in the fly ash
contained by the flue gas.

LIST OF FIGURES

[0040] The invention will now be described with refer-
ence tothe accompanying figures which illustrate the em-
bodiments by way of example. The inventionis notlimited
to the embodiments of the figures.

Fig. 1 schematically shows a front view of a heavy
oil burner,

Fig. 2 is a cross section A-A of the heavy oil burner
of Fig. 1,

Fig. 3 shows a heavy oil nozzle in cross section,
Fig. 4 shows a front view of a heavy oil nozzle,

Fig. 5 schematically shows a front view of a bio oil
burner according to one embodiment,

Fig. 6 is a cross section A-A of the bio oil burner of
Fig. 5,

Fig. 7 shows the area of the mouth opening of one
bio oil burner as an enlarged detail view,

Fig. 8 shows a bio oil nozzle according to one em-
bodiment in cross section, and

Fig. 9 shows a front view of a bio oil nozzle according
to one embodiment.
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[0041] Fig. 1 and 2 show a heavy oil burner, the struc-
ture of which is not suitable as such for burning bio oil.
The heavy oil burner is designed to be located at the
ceiling or wall structures of a heat boiler in a way that the
mouth opening of the burner opens toward the furnace.
The heat boiler may normally have, depending on the
power of the boiler, 1-5 oil burners.

[0042] The heavy oil burner according to Fig. 1 and 2
comprises an oil lance 13 annularly surrounded by a pri-
mary air flow channel 3, a secondary air flow channel 4
(indicated in diagonal lines) and a tertiary air flow channel
9 (indicated in horizontal lines). By means of the oil lance
13, fuel is fed in an atomized form to the furnace of the
boiler, where it takes fire so as to form a flame in front of
the mouth opening of the burner. Through the air flow
channels 3, 4 and 9, air that is needed for burning is fed
around the flame for providing a stable flame. In addition,
the heavy oil burner comprises a number of gas lances
2 which are provided to the primary air flow channel 3.
By means of the gas lances 2, natural gas or other gas-
eous fuel can be fed to the furnace of the boiler if neces-
sary. The oil burner is further provided in a manner known
per se with an igniter (not shown), by means of which the
fuel is ignited when starting the burner, and with a flame
controller (not shown).

[0043] Fig. 1 and 2 show a first cylinder 19, a second
cylinder 20 and a third cylinder 23 coaxially located
around the oil lance 13. The first, the second and the
third cylinders 19,20,23 end at primary air, secondary air
and tertiary air outlets 21,22,24. Fig. 2 further shows a
free end 25 of the first cylinder 19.

[0044] In Fig. 1 and 2, the oil lance 13 comprises a
pressure medium feeding channel 14, one or more fuel
feeding channels 15 and an oil nozzle 1A where the fuel
is atomized by means of the pressure medium before
being fed to the furnace. For example steam or com-
pressed air may be used as the pressure medium in at-
omization. Atomization may also be provided by adjust-
ing the oil pressure without the pressure medium. The
oil nozzle 1A shown in more detail in Fig. 4 and 6 com-
prises a number of spray holes 12 through which the fuel
is fed as droplets to the furnace of the boiler. The fuel
discharged from the oil nozzle 1A takes fire as it meets
the air flow discharged from the primary air flow channel
3.

[0045] As illustrated in Fig. 1 and 2, the oil nozzle 1A
is annularly surrounded by a primary air swirler 6A. The
swirler 6A is located at the outlet 21 of the primary air
flow channel 3 so that the swirler 6A blocks at least part
of the outlet 21. The swirler 6A is secured around the oil
nozzle 1A. The swirler 6A may be situated either inside
or outside the flow channel 3, i.e. inside or outside the
free end 25 of the first cylinder 19. The swirler 6A may
comprise vanes, blades or another such structure which
brings the air flow discharged from the primary air flow
channel 3 under a rotating motion before it collides with
the flame or the jet of fuel discharged from the oil nozzle
1A.
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[0046] In the heavy oil burner of Fig. 1 and 2, also the
secondary air flow channel 4 and the tertiary air flow
channel 9 can be provided with means (not shown) for
bringing this air flow under a tangential motion before the
secondary air flow and the tertiary air flow, respectively,
are conveyed around the flame.

[0047] Fig. 3 and 4 show the principles of the structure
of the heavy oil nozzle 1A. The heavy oil nozzle typically
has an outer diameter of 30 - 50 mm. The diameter of
the spray holes of the heavy oil nozzle is typically ap-
proximately 3 - 5 mm. This nozzle is not suitable as such
for use in a bio oil burner. The heavy oil nozzle 1A ac-
cording to Fig. 3 and 4 comprises six spray holes 12
evenly distributed on a slanting circumferential surface
17 of the oil nozzle 1A.

[0048] The principles of the structure and operation of
the oil nozzle will now be described. A cavity 14a is pro-
vided inside the oil nozzle 1A so as to be in flow commu-
nication with the pressure medium flow channel 14. A
number of spray channels 12a open into the cavity 14a,
each of them ending at the spray hole 12 on the slanting
circumferential surface 17 of the oil nozzle 1A. The oil
nozzle 1A also comprises a number of oil channels 15a
in flow communication on the one hand with the fuel feed-
ing channels 15 and on the other hand with the spray
channels 12a and therethrough with the spray holes 12.
[0049] The pressure medium (steam or compressed
air) is conveyed through the pressure medium flow chan-
nel 14 to the cavity 14a inside the oil nozzle 1A, and from
there the pressure medium is discharged to the spray
holes 12 through the spray channels 12a. The fuel is
conveyed to the oil nozzle 1A through the fuel feeding
channels 15 which end at the oil channels 15a provided
to the oil nozzle 1A so as to be in flow communication
with the spray channels 12a. When the pressure medium
is discharged to the spray channels 12a from the cavity
14a, it at the same time draws fuel from the oil channels
15a, which fuel is mixed in the pressure medium as small
droplets. According to the structure of the flow channels
12a and 15a, this nozzle arrangement is referred to as a
Y nozzle. The angle of the flow channels 12a and 15a
and of the slanting circumferential surface 17 to the cen-
tral axis of the nozzle can be varied according to the
application.

[0050] Fig. 5 and 6 show a bio oil burner according to
the invention. The bio oil burner has an oil nozzle 1 dif-
fering from that of the heavy oil burner of Fig. 1-4. The
bio oil burner has a swirler 6 with an outer diameter small-
er than the outer diameter of the swirler 6A of the heavy
oil burner 1A. In addition, the free end 25 of the first cyl-
inder 19 is provided with a stabilizing ring 7.

[0051] The bio oil burner comprises an oil lance 13
annularly surrounded by a primary air flow channel 3, a
secondary air flow channel 4 (indicated in diagonal lines)
and a tertiary air flow channel 9 (indicated in horizontal
lines). By means of the oil lance 13, the fuel is fed in an
atomized form to the furnace of the boiler, where it takes
fire so as to form a flame in front of the mouth opening
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of the burner. Through the air flow channels 3, 4 and 9,
air that is needed for burning is fed around the flame for
providing a stable flame. In addition, the bio oil burner of
Fig. 5 and 6 comprises a number of gas lances 2 provided
to the primary air flow channel 3. By means of the gas
lances 2, natural gas or other gaseous fuel can be fed to
the furnace of the boiler if necessary. The oil burner is
further provided in a manner known per se with an igniter
(not shown), by means of which the fuel is ignited when
the burner is being started, and with a flame controller
(not shown).

[0052] Fig. 5 and 6 show a first cylinder 19, a second
cylinder 20 and a third cylinder 23 coaxially located
around the oil lance 13. The first, the second and the
third cylinders 19,20,23 end at primary air, secondary air
and tertiary air outlets 21,22,24. Fig. 6 shows a free end
25 of the first cylinder 19 provided with the flame stabi-
lizing ring 7.

[0053] In Fig. 5 and 6, the oil lance 13 comprises a
pressure medium feeding channel 14, one or more fuel
feeding channels 15 and an oil nozzle 1 where the fuel
is atomized by means of the pressure medium before it
is fed to the furnace. For example steam or compressed
air may be used as the pressure medium. Atomization
may also be provided by adjusting the oil pressure without
the pressure medium. The oil nozzle 1 shown in more
detail in Fig. 8 and 9 comprises a number of spray holes
12 through which the fuel is fed as droplets to the furnace
of the boiler. The fuel discharged from the oil nozzle 1
takes fire as it meets the air flow discharged from the
primary air flow channel 3. The bio oil nozzle 1 has a
diameter larger than the diameter of the heavy oil nozzle
1A of Fig. 1-4. The bio oil nozzle 1 also has a structure
differing from the structure of the heavy oil nozzle of Fig.
1-4. The structure of the bio oil nozzle 1 will be described
in more detail below with reference to Fig. 8 and 9. The
diameter of the air feeding channels 3, 4, 9 surrounding
the oil nozzle 1 does not necessarily have to be changed
when replacing the heavy oil burner with the bio oil burn-
er.

[0054] As illustrated in Fig. 5 and 6, the oil nozzle 1 is
annularly surrounded by a primary air swirler 6. The swirl-
er 6 is located at the outlet 21 of the primary air flow
channel 3 so that the swirler 6 blocks at least part of the
outlet 21. The swirler 6 is secured around the oil nozzle
1. The swirler 6 may be situated either inside or outside
the flow channel 3, i.e. inside or outside the free end 25
of the first cylinder 19. The swirler 6 may comprise vanes,
blades or another such structure bringing the air flow dis-
charged from the primary air flow channel 3 under a ro-
tating motion before it collides with the flame or the jet of
fuel discharged from the oil nozzle 1.

[0055] In the bio oil burner according to Fig. 5 and 6,
the outer diameter of the primary air swirler 6 is smaller
than in the heavy oil burner according to Fig. 1 and 2.
When the outer diameter of the primary air swirler 6 is
reduced, the air flow discharged from the primary air flow
channel 3 moves more linearly toward the center of the
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boiler than in a burner wherein the outer diameter of the
swirler is larger. As a result, the flame does not spread
as widely as in a burner with a larger outer diameter of
the swirler. While in 50 MW heavy oil burners the outer
diameter of the swirler 6A is typically approximately 300
- 310 mm, in a burner according to one embodiment the
outer diameter of the swirler 6 is approximately half of
that. In one embodiment the outer diameter of the swirler
6 is approximately 120 - 180 mm. In another embodiment
the heat power of the bio oil burner is approximately 50
MW and the diameter of the swirler is approximately 150
mm.

[0056] Also the secondary air flow channel 4 and the
tertiary air flow channel 9 can be provided with means
(not shown) for bringing this air flow under a tangential
motion before conveying the secondary air flow and the
tertiary air flow, respectively, around the flame.

[0057] Inthe bio oil burner of Fig. 5 and 6, the free end
25 of the first cylinder 19 at the outlet 21 of the primary
air flow channel is provided with a flame stabilizing ring
7 in such a way that on its one side, primary air flows
from the primary air flow channel 3 and on its other side
secondary air flows from the secondary air flow channel
4. The stabilizing ring 7 blocks part of the outlet 22 of the
secondary air flow channel 4 in such a way that part of
the secondary air flow collides with the stabilizing ring.
The purpose of the flame stabilizing ring 7 is to adjust
the flow field of the flame so as to keep it sufficiently
narrow and prevent the flame from extending to the walls
of the furnace. Another purpose of the flame stabilizing
ring 7 is to effectively ignite the bio oil flame and stabilize
its burning.

[0058] The stabilizing ring 7 is directed outward and
forward from the first cylinder 19, i.e. toward the center
of the boiler and the walls of the boiler. The shape of the
stabilizing ring 7 may be staggered in such a way that
the end of the stabilizing ring 7 secured to the first cylinder
19 extends in parallel to the cross section of the first cyl-
inder 19, and the stabilizing ring 7 takes a turn at a dis-
tance from its point of attachment toward the center and
the walls of the boiler. The stabilizing ring 7 may be sub-
stantially truncated cone shaped, so as to open toward
the center and the walls of the boiler. The stabilizing ring
7 may also have another shape, as long as it diverts the
flow field of the flame to the desired direction.

[0059] Fig. 7 shows part of the structure of a bio oil
burner according to one embodiment as an enlarged
view. The new type of oil nozzle 1 is provided at the end
of the oil lance 13 and is surrounded by the primary air
swirler 6. The oil lance 13 is surrounded by the primary
air flow channel 3, the secondary air flow channel 4 and
the tertiary air flow channel 9. In this arrangement the oil
nozzle 1 has a new structure, the outer diameter of the
primary air swirler 6 is smaller than in the heavy oil burner
of Fig. 1-4, and further, the oil burner is provided with the
flame stabilizing ring 7. The stabilizing ring 7 comprises
an annular section 26 widening in a direction away from
the outlet 21 of the primary air flow channel.
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[0060] Fig. 8 and 9 show the principles of the structure
of a bio oil nozzle 1 according to one embodiment. The
operation of the bio oil nozzle 1 is similar to that of the
heavy oil nozzle 1A of Fig. 3 and 4. The operation has
been described above with reference to Fig. 3 and 4.
Also the structure of the bio oil nozzle 1 is similar to the
structure of the heavy oil nozzle 1A described with ref-
erence to Fig. 3 and 4, except for the outer diameter of
the nozzle 1 and the number and location of the spray
holes 12, the spray channels 12a and the oil channels
15a. The diameter of the bio oil nozzle 1 according to
Fig. 8 and 9 is larger than the diameter of the heavy oil
nozzle 1A because a greater mass flow must be con-
veyed through the bio oil nozzle 1 than with the traditional
fuels. While in the heavy oil nozzle 1A it suffices to have
6-8 oil spray holes 12 to feed the fuel, the number of
spray holes 12 in the bio oil nozzle 1 may be 6 - 50 in
one embodiment and 10 - 50 in another embodiment. In
addition, these spray holes 12 are located differently in
the bio oil nozzle than in the heavy oil nozzle 1A.
[0061] The bio oil nozzle 1 according to Fig. 8 and 9
comprises a total of 20 spray holes 12 located as two
groups B1, B2 of spray holes on the slanting circumfer-
ential surface 17 of the oil nozzle 1. The spray holes 12
may also be present in another number, for example
eight, ten or twelve. The number of spray holes depends
on the amount of the mass flow of fuel to be conveyed
through the oil nozzle per unit of time. In one embodiment
the number of spray holes 12 is six, and the circumfer-
ential spacing S1 between the centers of two successive
spray holes 12is 15 - 40 mm. In the embodiment accord-
ing to Fig. 8 and 9, each group B1, B2 of spray holes
comprises ten spray holes 12 distributed at a regular
spacing so that the spacing between the centers of two
successive spray holes 12 is S1. The circumferential
spacing S1 between the centers of two successive spray
holes 12 is in one embodiment 15 - 40 mm or 20 - 35 mm
or 25- 30 mm. Between two groups B1, B2 of spray holes
there is an intermediate space 16 having a length S2
greater than the spacing S1 between two successive
spray holes 12 within the group B1, B2. By the length S2
of the intermediate space 16, it is meant the distance
between the centers of the outermost spray holes 12 of
adjacent groups B1,B2 of spray holes. The circumferen-
tial length S2 of the intermediate space 16 is in one em-
bodiment 1.3 - 4 times or 1.5 - 3 times greater than the
circumferential spacing S1 between the spray holes 12
within the group B1,B2. The diameter of the spray holes
is 7.5 mm in the bio oil nozzle according to Fig. 8 and 9.
The spray holes may also have another diameter de-
pending on the amount of the mass flow to be conveyed
through the oil nozzle per unit of time. It is also possible
to divide the spray holes in the groups B1,B2 in two cir-
cumferential rows.

[0062] Airis abletoflow through the intermediate spac-
es 16 to the area of the center 18 of the oil nozzle 1,
where the air enhances the ignition of the flame in two
ways. The access of air in the middle of the oil droplets
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discharged from the spray holes 12 enhances the mixing
of air in the oil droplets, which is important for stable ig-
nition of the fuel. In addition, the air flowing to the area
of the center 18 of the oil nozzle 1 spreads the oil particles
formed in the outward direction, at the same time spread-
ing the flame, which is also advantageous for the ignition
ofthe flame. Inthe oil nozzle 1A with aregulardistribution,
the flame tends to narrow down and the air is poorly
mixed, so that harmful incombustible soot and carbon
monoxide are likely to be formed.

[0063] Thenew structure ofthe oil nozzle 1 allows large
amounts of oil to be burnt by the bio oil burner according
to the invention. The division of the spray holes 12 into
two groups B1, B2 between which there are intermediate
spaces 16 enhances the ignition and stabilizes burning.
[0064] The invention is not limited to the above exam-
ples but is modifiable within the scope of the accompa-
nying claims.

Claims
1. A bio oil burner comprising:

- an oil lance (13), at the end of which there is
an oil nozzle (1) with spray holes (12) for feeding
atomized oil to a furnace of a boiler,

- a first cylinder (19) coaxially surrounding the
oil lance (13) and together with the oil lance (13)
delimiting an annular primary air flow channel
(3) which ends at an outlet (21) of the primary
air flow channel (3),

- a second cylinder (20) coaxially surrounding
the first cylinder (19) and together with the first
cylinder (19) delimiting an annular secondary air
flow channel (4) which ends at an outlet (22) of
the secondary air flow channel,

- a third cylinder (23) coaxially surrounding the
second cylinder (20) and together with the sec-
ond cylinder (20) delimiting an annular tertiary
air flow channel (9) which ends at an outlet (24)
of the tertiary air flow channel, and

- a primary air swirler (6) annularly surrounding
the oil nozzle (1) and blocking at least part of
the outlet (21) of the primary air flow channel (3),
characterized in that

- the oil nozzle (1) has a slanting circumferential
surface (17) and 6 - 50 spray holes (12) which
are distributed on the slanting circumferential
surface (17) of the oil nozzle (1) in such a way
that said spray holes (12) form at least two
groups (B1, B2) of spray holes in which the spray
holes (12) are located at a regular spacing (S1)
from each other, and that between said groups
(B1, B2) of spray holes there are intermediate
spaces (16) in which no spray holes (12) are
present, and the circumferential length (S2) of
the intermediate spaces (16) is greater than the
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circumferential spacing (S1) between the spray
holes (12) within the group (B1, B2),

- the first cylinder (19) has a free end (25) at the
outlet (21) of the primary air flow channel (3),
and the free end (25) of the first cylinder (19) is
provided with a flame stabilizing ring (7) sur-
rounding the outlet (21) of the primary air flow
channel (3) and blocking part of the outlet (22)
of the secondary air flow channel (4), and

- the outer diameter D, of the primary air swirler
(6) is calculated by the formula D; = a - D1ry,
wherein a is 0.45 - 0.6 and Dy is the inner di-
ameter of the first cylinder (19).

The bio oil burner according to claim 1, character-
ized in that the oil nozzle (1) has 6 - 20 or 6 - 14 or
6-120r8-200r8-140r8-120r10-200r 10 -
14 or 10 - 12 spray holes (12).

The bio oil burner according to claim 1, character-
ized in that the oil nozzle (1) has 10 - 50 spray holes
(12).

The bio oil burner according to any one of claims 1
- 3, characterized in that the length of the spacing
(S1)is 15-40 mm or 20 - 35 mm or 25 - 30 mm.

The bio oil burner according to any one of the pre-
ceding claims, characterized in that the circumfer-
ential length (S2) of the intermediate spaces (16) is
2 - 4 times greater than the circumferential spacing
(S1) between the spray holes (12) within the group
(B1, B2).

The bio oil burner according to any one of claims 1
- 4, characterized in that the circumferential length
(S2) of the intermediate spaces (16) is 1.3 - 4 times
or 1.5 - 3 times greater than the circumferential spac-
ing (S1) between the spray holes (12) within the
group (B1, B2).

The bio oil burner according to any one of the pre-
ceding claims, characterized in that the stabilizing
ring (7) comprises an annular section (26) widening
in a direction away from the outlet (21) of the primary
air flow channel.

The bio oil burner according to any one of the pre-
ceding claims, characterized in that a is 0.5.

An oil nozzle for an oil burner, the oil nozzle having
a slanting circumferential surface (17) with spray
holes,

characterized in that

the oil nozzle (1) has 6 - 50 spray holes (12) which
are distributed on the slanting circumferential sur-
face (17) of the oil nozzle (1) in such a way that said
spray holes (12) form at least two groups (B1, B2)

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

of spray holes in which the spray holes (12) are lo-
cated at aregular spacing (S1) from each other, and
that between said groups (B1, B2) of spray holes
there are intermediate spaces (16) in which no spray
holes (12) are present, and the circumferential length
(S2) of the intermediate spaces (16) is greater than
the circumferential spacing (S1) between the spray
holes (12) within the group (B1, B2).

The oil nozzle according to claim 9, characterized
in that the oil nozzle (1) has 6 - 20 or 6 - 14 or 6 -
120r8-200r8-140r8-120r10-200r10- 14
or 10 - 12 spray holes (12).

The oil nozzle according to claim 9, characterized
in that the oil nozzle (1) has 10 - 50 spray holes (12).

The oil nozzle according to any one of claims 9 - 11,
characterized in that the length of the spacing (S1)
is 15-40 mm or 20 - 35 mm or 25 - 30 mm.

The oil nozzle according to any one of claims 9 - 12,
characterized in that the circumferential length (S2)
of the intermediate spaces (16) is 2 - 4 times greater
than the circumferential spacing (S1) between the
spray holes (12) within the group (B1, B2).

The oil nozzle according to any one of claims 9 - 12,
characterized in that the circumferential length (S2)
of the intermediate spaces (16) is 1.3 - 4 times or
1.5- 3 times greater than the circumferential spacing
(S1) between the spray holes (12) within the group
(B1, B2).

The oil nozzle according to any one of claims 9 - 14,
characterized in that it is designed for a bio oil burn-
er.
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