BURNER APPRFATUS This invention relates to a burner apparatus which is
particularly, but not exclusively, useful for burning petrol eum products
durfng well testing. Wien well tests are perforned, disposal of the
petvr0l.eum or ot her hydrocarbon products therefromis generally carried out
by burning. One problemw th burning the hydrocarbon products is in
ensuring that the burner can adequately handl e the anount of hydrocarbons
to be burned. This requires that the nozzles in the burner atom ze the
petrol eum products as nmuch as possible, and that an adequate supply of air
be provided to inprove air ingestion to obtain as conpl ete conbustion as
possi bl e. Burners designed for such purposes are known in the art.
US-A-3,894,831 (Aotin et al) discloses a burner having rmultiple burner
assenblies or nozzles which are pointed in slightly divergent directions. A
ring-like water injection systemis di sposed around each burner nozzle, and

BURNER APPARATUS

This invention relates to a burner apparatus which
is particularly, but not exclusively, useful for burning
petroleum products during well testing.

When well tests are performed, disposal of the
petroleum or other hydrocarbon products therefrom is
generally carried out by burning. One problem with burning
the hydrocarbon products is in ensuring that the burner can
adequately handle the amount of hydrocarbons to be burned.
This requires that the nozzles in the burner atomize the
petroleum products as much as possible, and that an adequate
supply of air be provided to improve air ingestion to obtain
as complete combustion as p0ssible. Burners designed for
such purposés are known in the art.

US-A-3,894,831 (Glotin et al) discloses a burner
having multiple burner assemblies or nozzles which are
pointed in slightly divergent directions. A ring-like water
injection system is disposed around each burner nozzle, and
the water acts to reduce the radiated heat from the burner
and also to reduce the amount of black smoke generated in
the combustion process. The apparatus may be swiveled so
that the flame is directed downwind from the well., Other
burners which have multiple nozzles, are rotatable and have
water sprays, are described in U.K.-A-2,112,920, U.S.-A-
4,348,171 and U.S.-A-3,797,992.

A single nozzlé burner which is rotatable and has

ring-shaped water sprayers is described in



the water dacts to reduce the radiated heat fromthe burner and also to
reduce the anobunt of black snoke generated in the conbustion process. The
apﬁa_fatus may be swiveled so that the flane is directed downwind fromthe
weM-,

O her burners which have nultiple nozzles, are rotatable and have
wat er sprays, are described in UK -A2,212,920, U S.-A 4,348,171 and
U S -A-3,797,992. A single nozzle burner which is rotatable and has
ri ng-shaped water sprayers is described in  -2- U S.-A -3,980,416. Qur
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connections to the body are used. This apparatus also
provides a burner with a water ring.

The energy obtained from o0il and gas wells is
vital in today’s world. However, protecting the environment
is also important. In the exploration of o0il and gas,
testing of the wells is necessary, but the disposal by
burning of the ligquid hydrocarbons produced during the well
tests has been less than desirable from an environmental
standpoint. This is an unfortunate result of the
insufficient combustion and poor air ingestion obtained with
many prior art burners. The present invention addresses
this problem and provides a burner apparatus with improved
efficiency to minimize or eliminate the undesirable smoke
and oil fallout associated with the burning process.

0il and/or gas is supplied to burners via pumps or
directly from an oil and gas separator during the well test.
Air is supplied from compressors. In the burner
atomizers, energy from either the o0il flow, air flow, or a
combination of both, cause the liquid fuel to be sprayed in
the form of tiny droplets into the air. Generally, a
propane—fueled pilot and igniter system provides an ignition
source, and thus, the liquid fuel spray is combusted in open
air. The present invention can also provide an improvement
in the atomization process which results in more efficient
burning. '

. According to the present invention, there is
provided a burner apparatus which comprises a body having a
central axis and defining a body cavity therein with an air
inlet and a fluid inlet in communication with said body
cavity; a nozzle insert disposed in said body cavity and
substantially cgaxial with said body, said nozzle insert

defining at least one first air port having an axis

substantially perpendicular to said axis of said body and



The energy obtained fromoil and gas wells is vital in today's world.
However, protecting the environnent is also inportant. In the exploration
of oil and gas, testing of the wells is necessary, but the disposal by
buMri ng of the |iquid hydrocarbons produced during the well tests has been
| ess than desirable froman environnent gl -standpoint. This is an
unfortunate result of the insufficient conbustion and poor air ingestion
obtained with many prior art burners. The present invention addresses this
probl em and gir e akels endusamand@iar atard \Wiatvii nignmnowed sefamigeil@rdy t o
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oil flow ai fJ%%grta conbi nation of both, cause the liquid fuel to be
sprayed in t ¥or 3 tiny droplets into the air. Generally, a

In the present invention, atomization is improved

by increasing air flow, rather than increasing oil flow by
higher o0il pressures. This is done for a number of reasons.
First, reducing the size of o0il passages to increase

the pressure also increases the chance of these passages
becoming plugged. Also, as the liquid o0il flow rates
increase, erosion problems with the nozzles are worsened.
Increasing the pressure also raises initial and maintenance
costs because higher pressure pumps are required, and
increased pressures always raise safety considerations

with piping, particularly when the potential for plugging is
increased. Increasing the oil pressure also results in
fewer opportunities to flow o0il directly from the separator,
rather than using pumps. Basically, increasing the air flow
rate instead eliminates these problems and results in
operational simplicity.

Burner nozzles of the present invention utilize
high velocity air and, in some embodiments, steam in
addition to the air, to increase atomization and therefore
raise burning efficiency. The apparatus is also lightweight
and compact which facilitates installation and maintenance.
The burner has excellent turndown. That is, the
performance of the burner is good over its entire flow rate
range.' Because the apparatus is of a modular design,
increasing the flow rate merely requires that additional

modules be installed as necessary.




propane-fuel ed pilot and igniter system provides an ignition source, and
thus, the liquid fuel spray is conbusted in open air. The present invention
can al so provide an inprovenent in the atom zation process which results in
mre efficient burning. According to the present invention, there is

provi ded a burner apparatus which conpri%es a body having a central axis
and defining a body cavity therein with an air inJet and a fluid inlet in
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increased air ingestion and turbulence which improves the
combustion process. Each burner nozzle itself comprises a body
defining a body cavity therein and an air inlet and a fluid inlet
in communication with the body cévity, a nozzle insert disposed
in the body cavity and defining a central opening therethrough
and an air port in communication with the air inlet and a fluid
port in communication with the £fluid inlet, and means for
sealingly separating the air inlet and the fluid inlet. The
module further comprises pilot lighting means for substantially
simultaneously igniting an air and fluid mixture diséharged from
the burner nozzle inserts.

The apparatus may further comprise an air manifold defining
an air manifold cavity therein in communication with each of the
air inlets. The pilot lighting means preferably is mounted on
the air manifold.

In one embodiment, the air port is one of a plurality of air
ports, wherein at least some of the air ports have axes which are
substantially in a single plane and at least one of the ports has
an axis which is angularly disposed with respect to the plane.
The plane'is substantially perpendicular to a central axis of the
nozzle insert.

In an alternate embodiment, the body of each burner nozzle
defines a steam inlet in communication with the corresponding

body cavity, the nozzle insert further defines a steam port in

communication with the steam inlet, and the sealing means is



di sposed with respect to said axis of said body, and said nozzle insert
further defining an outlet; and sealing neans for sealingly separating said
air inlet fromsaid fluid inlet. Inthe present invention, atomzation is

[ oved by increasing air flow, rather than increasing 0|I fl ow by higher
oil pressures. This is done for a nunber5of reasons. First, reducing the
size of oil passages to_increase the pressure also increases_the chance of
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i ncrease, _erosian g %ne mnth the nozzl es are worsened. Increasing the
pressure BR%oapg ol FSand nai ntenance costs because hi gher pressure

punps are requ&%%dﬁlul ES%S?QI@F ?Hﬁaﬁe kﬁﬁ%ﬁboggaﬁ ﬁgeéyé ocaxial

consi derations Wt i~ pirpiNg, particu for ugglng is

1 el AL ne Anthd O il ooy

Basi cal | y gwiRenedsbagdtherad! ft¥Wnozzle inserts are easily removed from
and replaced in the apparatus. The apparatus utilizes a pilot
and igniter system which is capable of remote ignition and has
separate gas tips therein for substantially simultaneously
igniting a plurality of burner nozzles. The pilot assembly is
easily installed in a tube through the center of the burner
module.

A plurality of burner modules may be used to increase the
total amount of oil burned by the apparatus. Preferably, but not
by way of limitation, each of the bodies of each burner nozzle
is positioned approxiﬁately equidistant from adjacent bodies.

Operation of the apparatus is quite simple and typically
would include the following steps: first, the pilot gas, such
as propane, 1is turned on and the pilot ignited. TIf separate
pilot gas tips are used in the pilot system, these are turned on
and ignited by the pilot. Next, the air supply to the burner
apparatus is opened, and thé operator can quickly determine if
the pressure is sufficient. Finally, the oil supply valves are
opened, - énd the system begins to flow oil. The spray is
immediately ignited by the pilot gas tips so combustion is
essentially instantaneous. The apparatus does not require high
oil flow rates, and since atomization is best at low oil flow

rates, start-up is quick, efficient and relatively clean.



rate instead elimnates these problens and results in operational
sinplicity. Burner nozzles of the present invention utilize high velocity
air and, in sone enbodinents, steamin addition to the air, to increase

at ®¥fi zati on and therefore raise burning efficiency. The apparatus is al so

| i ght wei ght and conpact which facilitatgs-installation and mai ntenance. The
burner has excellent turndown. That is, the performance of the burner is
good over its entire flow rate range. Because the apparatus is of a nodul ar
desi gn, increasing thdrf|lawWerattdatertdley inggquities wmbat badabtrieofigl lyodul es be
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conpri ses one or mor e burner nmodul es. Preferably, each burner nodul

FIG. 1 is a side elevational view of an embodiment
of burner apparatus of the present invention showing a
burner module with three nozzle tips.

FIG. 2 is an axial view of the burner module as
viewed from lines 2-2 in Fig. 1.

"FIG. 3 is another side elevational view of the
burner module as seen from the right side of Fig. 1.

FIG. 4 shows a cross—-sectional view of a first
embodiment of a burner tip.

FIG. 5 is a partial cross section and elevational
view illustrating an embodiment of central air manifold with
the pilot system installed therein.

FIG. 6 illustrates an embodiment of burner system
utiliiing a plurality of burner manifolds.

FIG. 7 is a cross—sectional view of another
embodiment of the burner tip.

Referring now to the drawings, and more
particularly to Figs. 1-3, the embodiment of burner
apparatus of the present invention is shown in the form of a
burner module, generally designated by the numeral 10. 1In
the illustrated embodiment, module 10 comprises three burner
tips or nozzles 12, 14 and 16. However, the invention is

not intended to be limited to a module with three




a plurality of burner nozzles, the benefits of which are increased air

I ngestion and turbul ence which inproves the conbustion process. Each burner
nozzle itself conprises a body defining a body cavity therein and an air
iM.et and a fluid inlet in comunication with the body cavity, a nozzle
insert disposed in the body cavity and défining a central opening

t heret hrough and an air port in conmunication with the air inlet and a
fluid por PurRegohiiRf cat MBhtiPle DREZLPEI @YenIwiualhy ReaherablescRlEng vy
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have axes which are
16 is substantially identical to that of burner tip 12.

Burner tip 12 comprises a body 18 defining a body cavity 20
therein. An air inlet 22 is in communication with body cavity
20 and is defined by an air inlet line 24. 1In the preferred
embodiment, air inlet line 24 extends substantially perpendicular
to a central axis 26 of burner tip 12. Air inlet line 24 may be
an integral part of body 18 or may be a separate component
attached to body 18 by any means known in the art, such as a weld
28.

Body 18 has a first bore 30 and a smaller second bore 32
therein, each of which defines a portion of body cavity 20. At
the upper end of second bore 32 is an upwardly facing chamfer 34.
It will be seen that the central axis of first bore 30 and second
bore 32 is central axis 26 of body 18.

At the lower end of body 18 is an oil or fluid inlet 36
which is preferably, but not by way of limitation, an integral
portion of the body. Second bore 32 extends through oil inlet
36. 0il inlet 36 is adapted for connection to an oil inlet line
38 by any means known in the art, such as a weld 40. While
reference is made herein to an oil inlet 36 and an oil inlet line
36, and other components relating to "oil," it should be
understood that burner module 10 is also usable on gas or a

combination of oil and gas. Thus, the term "oil" as used herein



substantially in-a single plane and at | east one of the ports has an axis
which is angularly disposed with respect to the plane. The plane is
substantially perpendicular to a central axis of the nozzle insert. In an
al\ter nat e enbodi nent, the body of each burner nozzle defines a steaminl et
in comunication with the corresponding ®ody cavity, the nozzle insert
further defines a steamport in comunication with the steaminlet, and the
seal i ng meheylds be E}W@rteéda‘iﬁ edefer skl iaidi yasdfaradary Pre ‘afthasm
inlet from.the ql inlets. The fluid and air inlets of the burner
appar at us &P@‘“‘@g&ﬁ &né Pﬁ da vertical line which allows the appar atus to
be easily swiv desired., The nazzle inserts ;ge eas#%% ved from
t
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20 of body 18 and engaged therewith by a threaded connection 44
at the upper end of the nozzle insert.

The lower end of nozzle insert 42 has an outside diameter
46 adapted for closely fitting within second bore 32 in body 18.
Nozzle insert 42 also has a downwardly facing chamfer 48 thereon
‘adapted for engagement with chamfer 34 in body 18.

A sealing means provides sealing engagement between body 18
‘and nozzle insert 42. In the illustrated embodiment, but not by
way of limitation, the sealing wmeans comprises an upper
elastomeric seal 50, a lower elastomeric seal 52, and a metal-to-
metal seal between chamfers 34 and 48. Thus, air inlet 22 and
oil inlet 36 are sealingly separated when nozzle insert 42 is in
place. It will be seen that body 18 and nozzle insert 42 define
a generally annular volume 53 therebetween which is part of body
cavity 20, and the sealing means provides sealing on both sides
of this annular volume.

In the illustrated embodiment, nozzle insert 42 has a first
bore 54 therein and a second bore 56 with a chamfered shoulder
58 therebetween. It will be seen that second bore 56 is in
communication with oil inlet 36 and thus may also be referred to
as an oil or fluid orifice or port 56.

A plurality of upper air ports 60 are defined in nozzle
insert 52 and provide communication between first bore 54 and
body cavity 20, and thus with air inlet 22. Similarly, a

plurality of intermediate air ports 62 are also defined in nozzle



and igniter systemwhich is capable of renpte ignition and has separate gas
tips therein for substantially sinmultaneously igniting a plurality of
burner nozzles. The pilot assenbly is easily installed in a tube through

t he~“center of the burner nodule. A plurality of burner nodul es may be used
to increase the total amount of oil burn®d by the apparatus. Preferably,

but not by way of limtation, each of the bodies of each burner nozzle is
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tips so conbustion is
perpendicular to central axis 26, as are the individual axes of
intermediate air ports 62.

Below intermediate air ports 62 are a plurality of angularly
disposed lower air ports 64. Lower air ports 64 preferably have
axes which are thus angularly disposed with respect to central
axis 26 and open into first bore 54 of nozzle insert 42 at
shoulder 58. Thus, lower air ports 64 also provide communication
between first bore 54 of nozzle insert 42 and body cavity 20, and
also air inlet 22 of body 18.

In the embodiment shown, there are three each of upper air
ports 60, intermediate air ports 62 and lower air ports 64,
although the invention is not intended to be limited to any
particular number of individual ports or rows of ports. Also in
the preferred embodiment, upper air ports 60, intermediate air
ports 62 and lower air ports 64 are angularly staggered with
regpect to one another about central axis 26. The stagger of the
ports and the different angular relationships between the ports
are designed to maximize mixing of air and oil as o0il passes
upwardly into first bore 54 of nozzle insert 42. This is carried
out in an effort to maximize atomization, and thus first bore 54
of nozzle insert 42 may also be referred to as an atomization

chamber 54.



essentially instantaneous. The apparatus does not require high oil flow
rates, and since atom zation is best at lowoil flowrates, start-up is
qui ck, efficient and rel atively cl ean. -6- In order that the invention
maybe nore fully understood, reference is made to the acconpanying

drawi ngs, wherein: FIG 1 is a side elet8tional view of an enbodi nent of

burner apparatus _of the present invention show ng a,burner nodule wth
three nozzl e tRpEerring 29ain 4o HEGH- di-éw BPYRBE biPRel2 nothandhd 6y @&Red

fromlines 2-2 in.Fig. 1. FLG 3 is anaqther side,kelevat, | ew Qf the
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Cross'sec&i?QQLe&i%%éuié}ﬂéréﬁtwardly from a central axis of the air
manifold. Air inlet lines 24 provide air communication between
each of burner tips 12, 14 and 16 and air manifold 66.

Air manifold 66 is also connected to an air supply line 68
which delivers air from an air supply (not shown), such as an air
compressér. Air supply line 68 has a substantially vertical
portion 70 with an optional valve 72 therein and means for
connecting to the air supply, such as a union 74.

.Each of burner tips 12, 14 and 16 are connected to an oil
manifold 76 by o0il inlet 1lines 38. 0il manifold 76 is
illustrated as a cylindrical tube closed at one end, and thus may
also be referred to as an oil inlet line 76. O0il inlet line 76
is vertically oriented and has an optional valve 74 therein and
a means, such as a union 80, for connecting to an oil supply (not
shown) .

0il supply line 76 and vertical portion 70 of air supply
line 68 are preferably coaxial, and it will be seen by those
skilled in the art that, prior to tightening of union 74 to the
air supply and tightening of union 80 to the o0il supply, the
entire burner module 10 may be pivoted about a vertical axis to
position it as desired.

Referring now to FIG. 5, it will be seen that air manifold
66 is formed by an outer cylindrical portion 82 with a smaller,
inner cylindricél portion 84 disposed therein. An upper ring 86
interconnects outer cylindrical portion 82 and inner cylindrical

portion 84, as does a lower ring 88. Thus, a closed, annular



enbodi nrent of a burner tip. FIG 5 is a partial cross section and

el evational view illustrating an enbodi nent of central air manifold with
the pilot systeminstalled therein. FIG 6 illustrates an enbodi nent of
bukrer systemutilizing a plurality of burner manifolds. FIG 7 is a
cross-sectional view of another enbodl néﬁ-t of the burner tip. Referri ng now
to the draw_.ngs, and nore |cula 0, Fi t.he enbodi nent
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However , ﬁ@%é %%qntlon |s not intended to be limted to a nodule with three

A pilot and igniter system 92 is disposed through inner
cylindrical portion 84 of air manifold 66. Pilot and igniter
system 92 includes a pilot burner 94 of a kind known in the art
connected to a gas supply, such as propane, by a pilot line 96.
A plurality of pilot jets 98 are disposed around pilot burner 94,
and in the preferred embodiment, pilot jets 98 have angularly
disposed tips to direct a pilot flame toward each of burner tips
12, 14 and 16. Each pilot jet is supplied with gas through a jet
line 100.

For simplicity, pilot and igniter system 92 is not shown in
FIGS. 1-3.

Referring now to FIG. 6, a plurality of burner modules 10
are shown interconnected. Each burner nozzle 10 is substantially
identical to the others. Each air supply line 68 is connected
to a main air line 102 in a manner such as that previously
discussed. Each o0il supply line 76 is similarly connected to a
main oil line 104.

In thé embodiment shown, where there are three burner tips
12, 14 and 16 for each burner module 10, it will be seen that
each.burnér tip is approximately equidistant from adjacent burner
tips, regardless of the burner module 10. That is, burner tip
14 of the right-hand burner module 10 is approximately the same
distance from burner tips 12 and 16 of the adjacent center burner
module 10 as from burner tips 12 and 16 of the right-hand burner

module 10. This physical relationship between the burner tips



7 burner tips. Mul tiple nozzles are usually preferable, but a single
nozzl e may be used. Referring to FIG 4, the details of the burner nozzles
are shown. This discussion will refer to burner tip 12, but it should be
uniler st ood that the construction of burner tips 14 and 16 is substantially
identical to that of burner tip 12. Burdé tip 12 conprises a body 18
defining a body cavity 20 therein., An air inlet 22 is in conmunication with
body cavi RR2F &n@muwwwwuqfuwwenﬁep§412 | A4t [F@do i ety

enbodi nent, air |nlet i ne 24 extends su stantlally pendi cul a
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cavity 20. At the upper end secon 'S an upma y faC|ng anf er
34. of the jetted streams and also increases air ingestion, all of

which improves the combustion process.

Thus, a three burner tip module 10 is one preferred
embodiment. However, depending upon the arrangement of the
"burner modules, the exact number of burner tips per burner module
may be varied, and the total number of burner modules may also
be varied and is not intended ﬁo be limited to the three burner
modules 10 shown in FIG. 6. That is, burner modules with varying
numbers of burner tips may be used in a variety of combinations
which can also result in good turbulence and air ingestion to
facilitate combustion.

Referring now to FIG. 7, an alternate burner tip 12’ is
shown as a portion of an alternate burner module 10’. Alternate
embodiment burner tip 12’ comprises a body 106. The only
difference between body 106 and body 18 previously described is
that body 106 further includes a steam inlet 108 which is adapted
for connection to a steam inlet line 110 by a threaded surface
111. Otherwise, body 106 is identical to body 18, and the same
reference numerals will be used herein to identify the various
identical features of body 106.

Alternate embodiment burner tip 12’ further comprises an
alternate nozzle insert 112 which is similar to the previously
described nozzle insert 42 for first embodiment burner tip 12.

In addition to the features previously described for nozzle



It will be seen that the central axis of first bore 30 and second bore 32
Is central axis 26 of body 18. At the | ower end of body 18 is an oil or
fluid inlet 36 which is preferably, but not by way of limtation, an

i nfegral portion of the body. Second bore 32 extends through oil inlet 36.
Ol inlet 36 is adapted for connection 838 an oil inlet line 38 by any neans
known in the art, such as a weld 40. Wiile reference is nade herein to an
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between oil port 56 and groove 114, and thus between oil port 56
and steam port 108. Preferably, but not by way of limitation,
steam ports 116 angle upwardly with respect to central axis 26.
In the illustrated embodiment, three steam ports 116 are
contemplated, but the invention is not intended to be limited to
this specific number.

Steam enters burner tip 12’ and mixes with the oil passing
through oil port 56 and is further mixed with the oil as the air
enters atomization chamber 54. The steam is easily supplied and
adds energy to the mixture to increase atomization.
Additionally, the steam aids atomization because it increases the
temperature of the oil and air and causes a reduction in oil

viscosity. Thus, alternate embodiment burner tip 12’ has

additional advantages when steam is available.



20 of body 18 and engaged therewith by a threaded connect . _

upper end of Thi3GhdaPE&IBEniRRSIEd- The | ower end of nozzle |lig®r|§§ﬁﬁﬁm%%m
out si de di amet for: closely fitting within se
bodf 18. Nozzlgumgmgmmr so has a downwardly facing chanfer 48 thereon
adapted for en chanfer 34 ijp hody 18. A sealTmng meEans provi des -
seal i ng engagenent between body 18 and nozzle I nsert 42

enbodi ment, but not by way of limtation, the sealing neanglmﬁuluuuﬂ‘m“m
upper el astcnmn'usseal 50, a lower elastoneric seal 52, and+*a tettal #tos *
metal seal between chanfers 34 and 48. Thus, air inlet 22 and oil inlet 36
are sealingly separated when nozzle insert 42 is in place. It wll be seen
that body 18 and nozzlé bumsest apbageitiuse @ Ogenendichy campulizesval bresly53
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provi des se ng on des of this annular volune. In the Ilustrated
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56 with a Crﬁﬂ”éﬁﬁﬁhﬁf@&ﬁfﬁﬂ with said body cavity (20); a nozzle

insert (42) disposed in said body cavity (20) and

substantially coaxial with_said body (18), said nozzle
insert (42) defining at least one first air port (60,62)
having an axis substantially perpendicular to said axis (26)
of said body (1l8) and at least one second air port (64)
having an axis angularly disposed with respect to said axis
(26) of said body (18), and said nozzle insert (42) further
defining an outlet; and sealing means (52; 34,38) for
sealingly separating said air inlet (24) from said fluid
inlet (36).

2. Apparatus according to claim 1, wherein said
sealing means comprises an elastomeric seal (52), and a
metal-to-metal seal (34,38).

3. Apparatus according to claim 1 or 2, wherein said
body (106) further defines a steam inlet (108) in
communication with said body cavity (20); said nozzle
insert (112) further defines a steam port (116) in
communication with said steam inlet (108); and said sealing
means (52; 34,38) is further adapted for sealingly
sepafa;ing said steam inlet (108) from said air (24) and
fluid (36) inlets.

4, Apparatus according to claim 3, wherein said steam
port (116) is angularly disposed with respect to said axis
(26) of said body (106).

5. Apparatus according to any of claims 1 to 4,
wherein said nozzle insert (42; 112) and said body (18,106)

define an annular volume (53) therebetween; and said



58 therebetween. It will be seen that second bore 56 i§‘Tﬁ‘EUnnunFcaf+on~f

with oil inlet 36 and thus nay also be referred to as aniqgi laws
orifice or port 56. A plurality of upper air ports 60 ar eolmmﬂwnmmlﬂyﬂa
inSeft 52 and provi de comuni cati on between first bore 54 andc‘tbody eavs (Ve
20, and thus with air inlet 22. Simlagsy., a plurality of internediate
air ports 62 are also defined in nozzle 9 insert 42. Preferably, but not
by way of limtation, upper air ports 60 and internediate air ports 62
extend radi askgland sebssaKNblal 59; p24p2dlli prbaides ws¢dl iegspectopposete r al

axis 26. Thugsqgblk Wel 5208 SEEQ1RY @§8§§e555§$?d in the art that the
ts :

I ndi vi dual axes of upper air por are co-planar and perpendicular to
central axis 26, as are the individual axes of internediate air ports 62.

6. Apparatus according to any of claims 1 to 5,

wherein said fluid inlet (36) is substantially coaxial with
said body (18,106).

7. Apparatus according to any of claims 1 to 6,
further comprising an air manifold (66); and wherein said
body (18,106) is one of a plurality of bodies and the air
inlet of each body is in communication with said manifold
(66); and said nozzle insert (42; 112) is one of a
pPlurality of nozzle inserts, each nozzle insert being

disposed in a corresponding body.

8. Apparatus according to claim 7, wherein said
nozzle inserts are angularly disposed with respect to a

central axis of said air manifold (66).

9. Apparatus according to claim 7 or 8, further
comprising a pilot burner (94) for providing a pilot flame

adjacent to the outlet of each of said nozzle inserts.

10. Apparatus according to claim 9, wherein said pilot

burner (94) is mounted on said air manifold (66).



Below internedi ate air ports 62 are a plurality of angul anf 0524, ] e
air ports 64. Lower air ports 64 preferably have axes mhi(h¥§reéﬁ'%§gAi%EEN
angul arly disposed with respect to central axis 26 and opeésad C¢FPhar e

54 nozzl e insert 42 at shoulder 58. Thus, |ower air ports 64 also

provi de comruni cati on between first borejg4-of nozzle insert—42—and-bedy———
cavity 20, and also air inlet 22 of body 18. In the enbodi nent shown, there

are three each of upper air ports 60, intermediate air portsThsh BeowReplaced
air ports 64, although the invention ABSHBRACENtended to be Ii Iﬁﬁ Th
particul ar nunber of individual ports or rows of ports. Al so

preferred enbodi nent, upper air ports 60, internediate air ports 62 and

| ower air ports 64 are angul arly SUBYEB 8BPARARUBospect to one anot her
about central axis 26. The stagger of the ports and the different angul ar
rel ati onshi ps between the ports are desig tqQ maxi mze mxing.of air and
oil as oil passes upwaﬁdﬁVrPﬁFOaPPP§?%BBr2?§A gPrnEEEPénFnBSngAEVmThis i s
carried out iproaiucafsf ahir itng m@dilnmitze taheni zathpoehseand phusaflitsgt olfore 54

burner nozzles (12) for mixing air, 0il or other flammable

hydrocarbon, and in some cases steam, and discharges the
mixture for‘burning. Each module may have a plurality of
burner nozzles, and a plurality of such modules may be
connected together. Each burner nozzle (12) has a body (18)
with an air inlet (24) and a fluid inlet (36), a nozzle
insert (42) disposed in the body (18) and having an air port
(60,62) in communication with the air inlet (24) and a fluid
port in communication with the fluid inlet (36). Sealing
(52) is provided between the nozzle insert (42) and the body
(18). The body may also have a steam inlet, and the nozzle
insert may also have a steam port in communication with the
steam inlet, for directing steam into the apparatus to
increase the mixing energy and temperature, thereby
facilitating atomization. A single pilot and igniter system
may be used for substantially simultaneously igniting the

air and fluid mixture discharged from the nozzle inserts.

FIG.4



of nozzle insert 42 may also be referred to as an atoni ¥ari QL clanber o
10 Referring again to FIGS. 1-3, burner tips 12, 14.and ?E‘"g EET HAS BEEN
substantially evenly spaced about an air manifold 66 ani_ace ?E%?%% _
angul arly outwardly froma central axis o6f the air manifold. Ar ‘inlet

| i nes 24 provide air communi cati on between each of burner—t+ps—3t2—t4—and——
16 and air manifold 66. Air manifolld46 is al so connected to an air supp

A y
line 68 which delivers air froman air supply (not shown) Th t Has Beery Replaced
conpr essor. Air supply line 68 has a substantially verticL l I |
with an optional valve 72 therein and neans for connecting

supply, such as a union 74. Each of burner tips 12, 14 and 16 are connected

to an oil manifold 76 by oil inlet Iines 38. Ol manifold 76 is
74 2N
72 14
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68 / >
1
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Illustrated as a cylindrical tube closed at one end, andJ kS SEEERHAG BN
referred to as an oil inlet line 76. QI inlet line 76 i9]vertiRERLUACED
or'Le/rnt ed and has an optional valve 74 therein.and a neans;—s ;
80~for connecting to an oil supply (not shown). QI supply line 76 and

vertical portion 70 of air supply %}.ge 68 are preferably coaxial, and it

W Il be seen by those skilled in the art that, prior to ti ghfekbetifhs Ben REpILEd
74 to the air supply and tightening of union 80 to the oil s“ ﬁll
1R t

entire burner nodule 10 may be pivoted about a vertical axis Iﬂliﬂlﬂlmtu

as desired. Referring nowto FIG 5, it will be seen that air
Is fornmed by an outer cylindrical portion 82 with a snmaller, inner
cylindrical portion 84 disposed thergy = ring 86 interconnects

outer cylindrical portion 82 and inner cyfmdtfftpl portion 84, as does a
| ower ring 88. Thus, a closed, annu‘VaN T »
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volunme or air manifold cavity 90 is defined in air manifgt
comunication with air inlet lines 24 and ai.r supply |ing %@S
igniter system 92 irs di sposed through inner cylindrical lartia air

mepi fold 66. Pilot and igniter system 92 includes a pil ot burner 94 of a

kind known in the art connected to ﬂfs supply, such as—propane; Uy a
pilot line 96. A plurality of piIota? s 98 are dlsposed around p|

burner 94, and in the preferred enbodiment, pilot jets 98h
di sposed tips to direct a pilot flane tomard each of burne
16. Each pilot jet is supplied with gas through a jet line

sinplicity, pilot and igniter system92 is not shown in FIGS. 1 3.
Referring nowto FIG 6, a plurality of burner nodules 10 are shown

i nterconnected. Each burner nozzle 10 is substantially identical to the
ot hers. Each air supply line 68 is connected

and
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. : o
toamin air line 102 in a manner such as that previousliyTiiSSSHEETadAS BEER
oil supply line 76 is simlarly connected to a main oil ||i ne 1BEPLAGEDhe
emhodi nent shown, where there are three . burner tips 12,
byrner nodule 10, it will be seen that each burner tip is approxinmatery

equi di stant from adj acent burner tips, regardl ess of the %ﬂﬁ&nﬁ%ﬂ%&ﬁa )ced

1
That is, burner tip 14 of the right-hand burner nodule 10 | T
the sane distance fromburner tips 12 and 16 of the ad] acenﬂlﬁﬂl(uﬂm E
nodul e 10 as from burner tips 12 and 16 of the right-hand bliime yJull] :

Thi s physical relationship between the burner tips 12 and the angul ar
orientation of burner tips 12, 14 and 16 with respect to the central axis
of air manifold 66 results in a mxing of the jetted air streanms from

adj acent burner nodul es.

e 1z
44 " 106
50— 53
% 1 10 12’
54— d 20
- 2z
60— (
e
62 ~§ —4
64—/ —58
34—
T 28 24
) A /16
l7 108 114
o —~
52 56
' 36
40
' 38

—Iics. L



This orlentatlon S benef|C|aI because it increases tur HEPLAQEQFTRTHEET E !!
Jetted streans and -al so increases air ingestion, all of ' :

“conbustion process. Thus, a three burner tip nodule 10 LS A%P nrnferrpd

_enbodlnent - However, dependlng upon the arrangenent of the *bur ner

modul es, the exact nunber of burner tips per burner nodule may be vari ed,
and the total nunber of burner nodules may al so be varied and is not
intended to be linmted to the three burner nodules 10 shown in FIG 6. ‘That
i§, burner nodules with varying nunbers oflurner tips nmay be used in a
vari ety of conbinatiaons which can also result in good turbul ence and air

~ingestion to facilitate conbugtlon Referrlng now, ¥\ FIG 7, an alternate

burner tip 12' is shown as a rti al terndte burner nodule 10'.
Al ternate enbodi nent burner % p 12 I 3es body 106. The only
di fference between body 1067 ' Vi ugly described is that body
106 further includes a steaminl 8 h 4 apt for connection tE,a
steaminlet line 110 by a threade 4
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111." @& herwi se, body 106 is identical to body 18, and IREPLACEMENTES ISR ||y
nunerals - will be used herein to identify the various
body 106. Alternate embodi ment burner tip 12" further
alternate nozzle insert 112 which is simlar to the pr'e
nozzle insert 42 for first embodinent burner tip 12. In addltlon to the
features previously described for nozzle 218 insert 42, alternate nozzle
insert 112 defines an annul ar groove 114 which is in conmunication with
steaminlet 108. A plurality of annularly dISlOSEd steam ports 116 provide
communi cati on between oil port 56 and &# oe: and thus between oil port

ports 116 angle upmardly W th respect X%TTXN
il lustrated enbodi ment, three stean190rts 1

14
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contenpl ated, but the invention is not intended to be |
speci fic nunber. Steamenters burner tip 12' and m xes
through oil port 56 and is further mxed with the oil a
atom zation chanber 54. The steamis easily supplied and:

the mxture to increase atoni zation. Additionally, the steam aids
at om zation because it increases the ténperature of the oil and air and .

causes a reduction in oil viscosity. Thus, alternate enbodi nent burner
tip 12° has additional advantages when steamis avail abl e. -14- CLAIMS
1. A burner apparatus (10), which conprises a body (18) having a

central axis (26) and defining a body cavity (20) therein with an air inlet
(24) and a fluid inlet (36) in comunication with said body.
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cavity .(20); a nozzle i nsert (42)  di sposed in said bod

. Substantially coaxial wth said body (18)

| east one first air port (60,62) extending radiallylof s@§ KgY¥t1938
to said centr

(26), .and lying in a plane perpendicul ar

| east .ohe second air port (64) having an
respect to said plane |lying perpendicul ar
said nozzle insert (42) further defining
34,38) for sealingly separating said air

(36). 2.
conpri ses an el astoneric seal (52),
Apparatus according to claim1 or 2, wher
defines a steaminlet (108) in comuni cat

ande/& et al -t o- net al

RERLACEMENT SHEET
t |

, said nozzl elji

Q

.lD%&'i..s...(..2.6)..1...-a.|:}d.. \

axi s angul arl

to said central and

) axis (26),
an outlet; and scaling neans (52;
inlet (24) fromsaid fluid. inlet
Apparatus according to claim1, wherein said sealing neans

seal (34,38). 3.
ei n said body (106) further

ion with said body cavity (20);

said nozzle insert (112) fuz her defh%%s a steam-part (116) in
comuni cation with said sy inlg{/( 8); and/said sealing neans (52;
34,38) is further ad@g&g for sealTngty 72
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separ at ng said steaminlet (108) fromsaid air (24) and fﬂgp;_ﬂcﬁﬁﬁg)wgﬁﬁ-,s
4. Apparatus according to claim3, wherein said

angul arly disposed with respect to said axis (26) of sai
Apparatus according to any of clains 1 to 4. wherein sai _
(42; 112) and said body (18,106) define an annular vol une (53)

t her ebet ween; and sai d - 15 - sealing nmeans (50; 52; 34,38) provides
seal ing on opposite sides of said annular volune (53). 6. Appar at us
according to any of clainms 1 to 5, wher&B3TRA&CH fluid inlet (36) is
substantially coaxial wth said body (18,106). 7. Appar at us

according to any of clains 1 to 6,
BURNER APPARATUS

A burner apparatus (10) for burning petroleum
products during well testing, comprises a plurality of
burner nozzles (12) for mixing air, oil or other flammable
hydrocarbon, and in some cases steam, and discharging the
mixture for burning. Each module may have a plurality of
burner nozzles, and a plurality of such modules may be
connected together. Each burner nozzle (12) has a body (18)
with an air inlet (24) and a fluid inlet (36), a nozzle
insert (42) disposed in the body (18) and having an air port

(60,62) in communication with the air inlet (24) and a fluid

port in communication with the fluid inlet (36). Sealing
(52) is provided between the nozzle insert (42) and the body
(18). The body may also have a steam inlet, and the nozzle

insert may also have a steam port in communication with the
steam inlet, for directing steam into the apparatus to

increase the mixing energy and temperature.

FIG.4



furt h_ér".corrpri sing an air nanifold mm"mmm“eun sai d body ( lfpl8€dmeh® sheet

one of a plurality of bodies and th ch body is in
communi cation with said manifold (66); &and-sdl d®nhoZzle insert 142 -112). . 8S.
one of a plurality of nozzle inserts, each nozzle insert bfi '_

all

a correspondi ng body. 8. Appar atug-according to clalfm?7,
said nozzle inserts are angularly disposed with respect to PSS!

of said air manifold (66). 9. Appar atus according tg V0 1 0 et S '
further conpriGAfS & pil ot burner (94) for providing a pilot flane adjacent
to the outlet of each of said nozzle inserts. 10. Appar at us accordi ng

to claim9, wherein said pilot. burner 294) i s mounted on said air manifold
(66) . 1. A burner apparatus (10), which comprises a body (18)

having a central axis (26) and defining a body cavity (20) therein with-an
air inlet (24) and a fluid inlet (36) in communication with said body.
cavity (20); anozzle insert (42) disposed in said body cavity (20) and
substantially coaxial with said body (18), said nozzle insert (42) defining
at least one first air port (60,62) extending radially of said central axis
(26), and lying in a planc perpendicular to said central axis (26), and at
least one second air port (64) having an axis angularly disposed with

¢ )
g.

respect to said plane lying perpendicular to said central axis (26), and
said nozzle insert (42) further defining an ontlet; and scaling incans (52;
34,38) for sealingly separating said air inlet (24) from said flyid inlet
(36).

2. Apparatus according to claim 1, wherein said
sealing means comprises an elastomeric seal (52), and a
metal-to-metal seal (34,38).

3. Apparatus according to claim 1 or 2, wherein said
body (106) further defines a steam inlet (108) in
communication with said body cavity (20); said nozzle
insert (112) further defines a steam port (116) in
communication with said steam inlet (108); and said sealing
means (52; 34,38) is further adapted for sealingly
separating said steam inlét (108) from said air (24) and
fluid (36)-in1ets.

4, ~ Apparatus acéording to claim 3, wherein said steam
port (116) is angularly disposed with respect to said axis
(26) of said body (106).

5. Apparatus-according to any of claims 1 to &4,
wherein said nozzle insert (42; 112) and said body (18,106)

define an annular volume (53) therebetween; and said
f . N



