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(57) Abstract

A flare gas combustion apparatus (10) compris-
ing a flare housing (46) and a liner cylinder member
(42) coaxially disposed therewithin, an annular orifice
channel (54) formed between the liner cylinder (42) and
the flare housing (46). A first flare conduit (30) is in
fluid communication with the orifice channel (54) and a
first flare gas portion passing through the first flare
conduit (30) is discharged from the orifice channel (54)
at the upper end of the flare housing (46) as a perimeter
zone discharge configured as a relatively thin cylindri-
cal layer of flare gas. A second flare conduit (34) may
be provided in fluid communication with the inner core
of the liner cylinder (42) to discharge a second flare gas
portion therethrough as an inner zone discharge, and a
liquid seal (12, 20) is provided to permit flare gas to
pass via the second flare conduit (34) only when the
pressure of the inlet flare gas exceeds a predetermined
value.
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FLARE GAS COMBUSTION APPARATUS

Technical Field

The present invention relates to combustion devices which
are designed for the disposal of flare gases by the process of
combustion, and more particularly but not by way of limitation,
to an improved flare gas combustion apparatus for the smokeless
burning of hydrocarbon gases and vapors. ‘

Background of the Invention

There are many facilities, such as refineries, that must

dispose of flare gases in a safe and effective manner as
directed by both local and federal governmental regulations.
Prior art devices to accomplish this usually include a flare
stack having a flare tip disposed sufficiently high enough
above the terrain to disperse the combusted gaseous products
into the prevailing wind and limit the thermal radiation to
safe levels. It is to be expected, especially in view of
recent clean air laws and ordinances, that the combustion must
be complete and smokeless to minimize environmental
disturbance. It is also desirable to have such devices capable
of handling quantities of gases in excess of normal discharge
loads during temporary plant upsets. Further, it is usually
desirable to have a purge reduction device and/or a flash back
prevention device which protects the plant from any inner
conduit combustion.

Prior art devices typically use steam or air as a smoke
suppressant, and the flare tip must deliver steam and air in
adequate quantities to promote rapid mixing of these
suppressants and gases in the combustion zone at the upper end
of the stack. The steam serves to break up the discharging
flare gas and promote more complete combustion. There are
numerous such prior art devices which have been designed to
effect smokeless, flare tip combustion of flare gases.

For example, U.S. Patent No. 2,779,399, issued to Zink and
Reed, teaches a flare tip structure to combust flare gas
comprising hydrocarbons and other flammable raw materials. A

‘flare stack tube has a main gas flare tip mounted at its upper
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end, and a sleeve surrounds the upper end of the £ube forming
an annular space about the flare stack. The purpose of the
annular space is to communicate air and steam into the burning
flare gas discharging from the flare stack tip. Steam is .
sprayed into the burning mass of gas via a centrally disposed
tubular member and a manifold surrounding the burning tip; thus
steam and air are drawn into the flame mass.

U.S. Patent No. 3,512, 911, also issued to Zink and Reed,
teaches the use of air and steam which is directed into the
center of the flare tip to break up the flame by developing
turbulence to mix the steam and air with the flare gas to
promote smokeless burning.

U.S. Patent No. 3,547,567, issued to Turpin, teaches a
flare stack combustion tip which breaks up the main gas flow
into plural flow segments. The flare tip is affixed to the top
of a flare stack or to the top of a centrally disposed flare
gas conduit, the tip having a plurality of gas conducting
channels which serve as gas emission orifices through which the
flare gas is discharged for burning. Steam and air are
directed through a shroud which surrounds the flare tip.

U.S. Patent No. 3,554,631, issued to Procter, teaches a
flare stack tip which attaches to the upper end of a flare
stack. Rows of air-inducing devices are disposed to drive
steam and air into the tip to mix with the flare gas flowing up
through the stack, with the air-inducing devices operating
under the Coanda principle. Proctor's later patent, U.S.
Patent No. 3,914,093, teaches a further development in a Coanda
inducing device. ,

While most of the prior art flare gas combustion devices,
including those taught by the above mentioned patents, provided
devices which achieved varying degrees of success, they were
generally expensive to fabricate and/or to operate, and
experienced high maintenance costs. Devices which served to
break up the "log mass" of the flare gases (so called because
of the large tubular mass discharge from most prior art flare
stacks) involved devices having components subjected directly
or indirectly to the intense heat of the flame by placing the
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operating components in or-near the flame mass, résulting in
early burn out of the components. As to high operating expense .
using steam in quantities sufficient to suppress large masses
of flare gases, this often diminished the value of otherwise
well designed flare combustion devices.

Summary of the Inventioh

The present invention provides an improved flare gas
combustion apparatus which effects the smokeless combustion of
hydrocarbon gases and vapors by configuring the flare gas into
a perimeter zone discharge shaped to break up the central log
effect created by a mass of flare gas discharging from a flare
stack. ‘

The flare gas combustion apparatus of the‘present
invention comprises a flare housing and a gas directing means
disposed within the flare housing forming an orifice channel
with the flare housing. A first flare conduit in fluid
communication with the orifice channel passes a. first flare gas
portion through the orifice channel to exhaust same at an exit
port of the orifice channel at the upper end of the flare
housing. ’

In one embodiment, a liner member is supported within the
flare housing, forming an orifice channel between the inner
wall of the flare housing and the outer wall of the liner
member, with the first flare gas portion -discharging from the
orifice channel in the form of a perimeter zone aischarge.
Fluids, such as_steam, air, natural gas, water-or combination
of such fluids, can be directed into the perimeter zone
discharge.

In one embodiment, an overflow condition is accommodated
via a second flare conduit which is capable of passing flare
gas in excess of normal operating conditions by discharging a
portion of the flare gas as an inner zone discharge.

An object of the present invention is to provide an
improved flare gas combustion apparatus which provides
smokeless flare combustion of hydrocarbon gases and the like.

Another object of the present invention, while achieving

the above object, is to provide a flare gas combustion
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apparatus having smokeless flame combustion capability while
providing ease of component fabrication.

Another object of the present invention, while achieving

- the above stated objects, is to provide an improved flare gas

combustion apparatus which is substantially more economical to
operate and to maintain,

Still another object of the present invention, while
achieving the above stated objects, is to provide an improved
flare gas combustion apparatus which requires less energy to
achieve its function. '

 Another object of the present invention, while achieving
the above stated objects, is to provide an improved flare gas
combustion apparatus which provides better mixing of air with
the discharging flare gas to facilitate complete combustion.

Another object of the present invention, while achieving
the above stated objects, is to provide an improved flare gas
combustion apparatus which minimizes the amount of purge gas
required to retard atmospheric air from backflowing into the
flare stack through the discharge end of the stack. .

Another object of the present invention, while achieving
the above stated objects, is to provide a flare gas combustion
apparatus which retards flash back combustion to protect the
plant from inner conduit combustion.

Other objects, features and advantages of the present
invention will become clear from the disclosure provided
hereinbelow when read in conjunction with the included drawings
and appended claims.

"Brief Description of the Drawings

Figure 1 shows a partial cutaway, cross-sectional view of
a two stage flare gas combustion apparatus constructed in
accordance with the present invention.

Figure 2 shows a partial cutaway view of the flare tip
assembly of Figure 1, |

Figure 3A shows a view of the annular orifice channel of
the flare tip assembly taken at 3A-3A in Figure 2. Figure 3B
shows a view taken at 3B-3B in Figure 2.
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Figure 4-shows a cross—-sectional cutaway view of a portion

"of the exit port of the annular orifice channel of the flare

tip assembly of Figure 2.
Figure 5- is a partial cutaway of another flare tip

assembly. 7
Figure 6 is a partial cutaway view of yet another flare

tip assembly.
Description of the Invention

The present invention relates to the smokeless burning of

hydrocarbon gases and vapors as in an emergency relief flare
system and the like. As mentioned above, prior art flare
combustion devices utilizé high pressure steam, usually 100
psig and greater, to mix with a hydrocarbon flame mass to
effect smokeless burning. The steam is used at a rate of about
0.3 to 0.4 pounds of steam consumption per pound of flare gas
burned. It is clear that maximum utilization of flame breakup
must be achieved while conserving the amount of steam used, or
the amount of steam that would be required would become cost
prohibitive. The present invention presents a unique solution
to flare gas combustion because it configures the waste gas
discharge into a relatively thin, perimeter zone discharge in
the form of a chindrical layer that can be caused to diverge
as desired to more easily turbulate with steam and air.
Referring to the drawings in general, and with specific
reference to Figure 1, shown therein is a flare gas combustion
apparatus 10 which is shown in partial cutaway, cross—sectional

view. Some of the length of the flare stack combustion

apparatus 10 has been omitted.in order to show the apparatus in
greater detail in Figure 1. As will become clear, the flare
gas combustion apparatus 10 is a two stage apparatus which is
designed to process flare gases during normal operations via a
first flare conduit and to utilize a second flare conduit to
handle quantities of flare gas in excess of normal operations.
The flare gas combustion apparatus 10 comprises a lower
portion or seal tank 12 having a flare gas inlet conduit 14
having a first end 16 adapted to receive a flare gas from a
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facility such as a refinerf. The flare gas inlet conduit 14 is
generally L-shaped and has a second end 18 which is turned
downwardly into the seal tank 12. A liquid, such as water, is
maintained in a seal tank 12 so as to have a ligquid level 20
which is disposed above the second end 18 of the flare gas
inlet conduit 14.

A first flare conduit 30 has a lower end 32 which extends
through the wall of the flare gas inlet conduit 14 and is
sealed thereto to be disposed in flare gas receiving

~relationship to the flare gas inlet conduit 14 in the manner

shown, and the first flare conduit 30 has an upper end 33 which

is viewable in the partial cutaway view of Figure 2. The first

flare conduit 30 extends upwardly and is supported by an outer
stack, or second flare conduit 34, which is attached to and
communicates with the seal tank 12. For structural strength,
the second flare conduit 34 may neck down in diameter in stages
in conventional fashion as shown, or external support may be
provided, such as by guy wires or by a supporting derrick. The
first flare conduit 30 and the second flare conduit 34 are
substantially coaxially disposed to each other, and a number of
support members 36 extend therebetween to unitize these two
structures.

Attached to the upper end 38 of the second flare conduit
34 is a flare tip assembly 40 shown in partial cutaway
cross-sectional view in Figure 2. The flare tip assembly 40
comprises a bolt-on conduit section 42, also referred to as a
liner cylinder member, which extends upwardly from the second
flare conduit 34 and has an upper end 44. The flare tip
assembly 40 also comprises a cylindrically or tubularly shaped
flare housing 46 which is supported by a number of vertical
divider members 48, viewed in Figure 3A, which attach to the
outer wall of the liner cylinder 42, and by an annular bottom
plate 50 which is welded to the outer wall of the liner
cylinder 42 at its lower end 52. Formed between the coaxially
disposed liner cylinder 42 and the flare housing 46 is an
annular orifice channel 54 which is open at the upper end 44 of
the liner cylinder 42 and sealed at the lower end 52 by the
bottom plate 50. -
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The upper end 33 of the first flare conduit 30 extends
into the liner cylinder 42 and terminates below the upper end
44 thereof. The upper end 33 is capped with a plate 56. A
fluid injector pipe 58 extends through the walls of the.liner
cylinder 42 and the first flare conduit 30 and has a vertically

_extensive leg 60 which extends through the plate 56. The tip

end of the injector pipe 58 has a nozzle 62 which is disposed
below the upper end 44 of the liner cylinder 42 and serves to
inject a fluid, such as steam, air, natural gas, water or
combinations of such fluids, into the inner core 64 of the
liner cylinder 42 as may be required to break up the core '
flame. The fluid injector pipe is connected to a source of
desired injection fluid as required.

As shown in Figures 2, 3A and 3B, the first flare conduit
30 communicates .with the annular orifice channel 54 via a
plurality of flow openings 70 disposed about the upper end 33
thereof. A like number of conduits 72 connect to and extend
radially from the first flare conduit 30 and connect to the
liner cylinder 42 at similarly located flow openings 74 such
that fluid communication is established between the first flare
conduit 30 and the annular orifice channel 54. The divider
members 48 extend only for a portion of the length of the liner
cylinder 42 and serve to compartmentize the annular orifice
channel 54, Flare gas passes from the first flare conduit 30
to the annular orifice channel 54 via the conduits 72 and
passes upwardly through the annular orifice channel 54 to
discharge as a relatively thin layer of discharge gas from the
upper end of the flare tip assembly 40. That is, the flare gas
discharging from the annular orifice channel 54 forms a
perimeter zone discharge as indicated by the arrow 80 shown in
Figure 4. _ '

Figure 4 is an enlargement of the exit port of the annular
orifice channel 54 which is formed at the top end of the flare
tip assembly 40, Discharging gas is caused to diverge from a
cylindrical flow discharge pattern by a deflector ring 82
supported by the liner cylinder 42 at the upper end 44 thereof.
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The deflector ring 82 has a flare gas diverting sﬁrface 84
positioned so that the perimeter zone discharge of the flare
gas is caused to diverge at a predetermined divergent angle 86.
The deflector ring 82 may be provided with a plurality of
apertures 88 which communicate with the inner core 64 of the
liner cylinder 42 and with the annular orifice channel 54 at
the exit port. As is known, such apertures can be helpful in
achieving desirable flame characteristics. However, it may be
that the deflector plate 82 will not be used in certain
applications, in which case the perimeter zone discharge will
be an upwardly moving, relatively thin cylindrical layer of
flare gas. Disposed near the upper end of the flare tip
assembly 40 is a conventional igniter assembly 90 that is used
to ignite the discharging flare gas as required.

The flare tip assembly 40 also comprises a fluid injector
assembly 100 which is used for directing selected fluids into
the perimeter zone discharge. The fluid injector assembly 100
comprises a hollow pipe ring 102 supported around the flare
housing 46 below the upper end thereof via standoff members
103, The hollow pipe ring 102 has a plurality of discharge
apertures, and located about the pipe ring 102 are a plurality
of fluid nozzles 104 that communicate with the discharge
apertures. Each fluid nozzle (only a few are shown in the
drawings, but the number may be established as required)

extends upwardly from the pipe ring 102 and is disposed to

discharge fluid toward the perimeter zone discharge as shown in
Figure 4., An inlet fluid conduit 106 is connected to the pipe
ring 102 and is connected to a source of pressurized fluid such
as air, natural gas, water or combination of such fluids. Of
course, this list of possible fluids is illustrative only, and
an appropriate fluid may be selected as required to effect the
desired flame characteristics.

The flare gas combustion apparatus 10 depicted in Figures
1 through 3B is a two stage unit. As discussed above, flare
gas enters the flare gas inlet conduit 14 at its first end 16
and a first flare gas portion enters the first flare conduit 30

via its lower end 32, The liquid in the seal tank 12 seals the
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second end 18 of the flare gas inlet conduit 14 uhtil the flare
gas entering the flare gas inlet conduié 14 reaches sufficient
pressure to overcome the liguid head of the seal fluid, such as
when emergency conditions require a greater amount of flare gas
discharge than can be accommodated through the first flare
conduit 30. Once the pressure of the incoming flare gas
becomes great enough to blow the seal liquid, a_éecond flare
gas portion passes into the second flare conduit 34.

As shown in Figures 1 and 2, the second flare conduit 34
is coaxially disposed to the first flare conduit 30 so that a
second annular orifice channel 110 is formed between the A
external wall of the first flare conduit 30 and the internal
wall of the second flare conduit 34. The second annular
orifice channel 110 extends the length of the second flare _
conduit 34 and continues between the external wall of the first
flare conduit 30 and the internal wall of the liner cylinder 42
for the remaining length of the first flare conduit 30 where it
communicates with the inner core 64 of the liner cylinder 42.
The liner chinder 42 is open at its upper end 44 so that the
second flare gas portion passing via the flare gas inlet
conduit 14 and the second annular orifice channel 110 to the
inner core 64 of the liner cylinder 42 will be discharged
upwardly as an inner zone discharge configured as a mass log.
A refractory lining 120 is adhered to a portion of the internal
wall of the liner cylinder 42 at its upper end 44 to protect
the structure from this burning mass log of flare gas as well
as to protect against flame licking of the liner cylinder 42 by
the burning first flare gas portion during normal operations.
(The refractory lining 120 is omitted from Figure 3A to better
show the other components.) The duration of flow of the second
flare gas portion will usually be for a brief period of-time,
so this temporary passage of the second flare gas portion is
acceptable. ' ’

Once the emergency dumping conditions are over, and the
pressure of the incoming flare gas will once again drop to
normal, and the liquid seal can be re-established in the seal

tank 12 by conventional means (not shown) that will sense the
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liquid level 20 and direct additional seal liquid’into the seal
tank 12 until the liquid level 20 rises to a predetermined
height above the second end 18 of the flare gas inlet conduit
14.

Shown in Figure 5 is a single stage embodiment of a flare
tip assembly 40A which attaches to the upper end of a
conventional, single conduit flare stack (not shown). The
flare tip assembly 40A functions in the same manner as does the
flare tip assembly 40 with respect to the first flare gas
portion which flows through the first flare conduit 30. That
is, the flare gas discharge of the first flare gas portion will
be configured as a relatively thin layer of cylindrically
shaped flare gas which may be diverged by the deflector ring
82. Similar numbers will be used to depict component parts of
the flare tip assembly 40A which are similar to those described
hereinabove for the flare tip assembly 40.

The flare tip assembly 40A comprises a bolt—on flare
conduit section 30A which extends upwardly from a conventional
flare stack, the flare conduit 30A having an upper end 130.
Attached to the upper end 130 is a liner cylinder 42A having a
bottom end wall (not shown) which is weldingly attached to the
flare conduit 30A to seal it at its upper end 130. The liner
cylinder 42A extends upwardly from the upper end 130 of the
flare conduit 30A and the deflector ring 82 is attached to the
upper end 44A thereof.

The flare tip assembly 40A also comprises a cylindrically
or tubularly shaped flare housing 46A which is connected to the
liner cylinder 42A by a number of vertical divider members (not
shown but similar to the vertical divider members 48 described
hereinabove for the flare tip assembly 40). An annular bottom
plate 50A is welded to the flare housing 46A and to the outer
wall of the flare conduit 30A. Formed between the coaxially
disposed liner cylinder 42A and the flare housing 46A is an
annular orifice channel 54A which is open at the upper end 44A
of the liner cylinder 42A and sealed at the lower end by the
bottom plate 50A.

"
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A fluid injector pipe 58A extends through thé walls of the
flare housing 46A and the liner cylinder 423 and has a
vertically extensive leg 60A with a tip end nozzle 62A which is
disposed below the upper end 44A of the liner cylinder 42A.

The nozzle 62A is provided for the purpose of injecting a fluid
into the inner core 64A of the liner cylinder 42A as may be
required to break up the core flame.

At the upper end 130 of the flare conduit 30A are a
plurality of flow openings 70A which provide fluid
communication between the flare conduit 30A and the annular
orifice channel 54A as indicated by the arrows 132.

As noted above, the flare tip assembly 40A is a single
stage flare gas combustor, with provision for accommodating
only a first flare gas portion; that is, there is no provision
to accommodate a second flare gas portion as was the case for
the earlier discussed flare tip assembly 40. In the flare tip
assembly 40A, flare gas passes upwardly via the flare conduit
30A and passes via the plural flow openings 70A to the annular

" orifice channel 54A from which the flare gas discharges at the

exit port provided at the top of the flare tip assembly 40A.
The exit port of the flare tip assembly 40A is identical in
construction detail to that described for the flare tip
assembly 40 with reference to Figure 4. The flare gas
discharging from the annular orifice channel 54A forms a
perimeter zone ‘discharge as indicated by the arrow 80 in Figure
5, and this perimeter zone discharge may be diverged from an
upwardly rising cylindrical configuration by the deflector ring
82 if provided.

The flare tip assembly 40A may also be equlpped with the
fluid injector assembly 100, described hereinabove, and with
the conventional igniter assembly 90. Also, the upper portion
of the internal wall of the liner cylinder 422 may be lined

withthe refractory 120.
Another embodiment of a single stage flare tlp assembly is

shown in Figure 6. Shown therein is a flare tip assembly 40B
which attaches to the upper end of a conventional, single
conduit flare stack (not shown). The flare tip assembly 40B
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functions in the same maﬁner as does the flare tip asseﬁbly 40
with respect to the flare gas portion which flows through. the
first flare conduit 30. That is, as discussed above for the
flare tip assembly 40A, the flare gas discharge of the first
flare gas portion will be configured as a relatively thin layer
of cylindrically shaped flare gas which may be diverged by the
deflector ring 82. For clarity, similar numbers will again be
used to depict component parts of the flare tip assembly 40B
which are similar to those described hereinabove for the flare
tip assembly 40.

The flare tip assembly 40B comprises a bolt-on flare
conduit section.30B which extends upwardly from a conventional
flare stack, the flare conduit 30B having an open upper end
140. A cylindrically or tubularly shaped flare housing 46B is
connected to the flare conduit 30B via a pair of gusset
supports 142 and by an annular bottom plate 50B welded to the
lower end of the flare housing 46B and to the outer wall of the
flare conduit 30B. Disposed coaxially within the flare housing.
46B is a liner cylinder 42B which is supported via a number of
vertically extending divider members which are not shown but
which are similar to the vertical divider members 48 described
hereinabove for the flare tip assembly 40, the vertical divider
members weldingly interconnecting the liner cylinder 42B and
the flare housing 46B.

Formed between the coaxially disposed liner cylinder 42B
and the flare housing 46B is an annular orifice channel 54B
which is open at the upper end 44B of the liner cylinder 42B,
the annular orifice channel 54B being sealed at its lower end
by the bottom plate 50B. '

The liner cylinder 42B has a seal plate 144 welded to the
internal wall of the liner cylinéer 42B and dividing same into
a lower portion 146 and an upper portion 148. The flare
conduit 30B extends upwardly into the lower portion 146B of the
liner cylinder 42B, having its upper end 140 disposed below the
seal‘plate'144. Formed between the inner wall of the liner
cylinder 42B and the outer wall of the flare conduit 30B is an
annularly shaped reverse flow channel 150, the reverse flow
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channel 150 having fluid communication with the aﬁnular orifice
channel 54B as shown in Figure 6.

The flare tip assembly 40B is a single stage flare gas
combustor, with provision for accommodating only a first flare
gas porton; that is, there is no provision to accommodate a
second flare gas portion as was the case for the eailier
discussed flare tip assembly 40. In the flare tip assembly
40B, flare gas passes upwardly via the flare conduit 30B and
flows from the upper end 140, the upward flow thereof being
blocked by the plate 144 which serves to seal the upper portion
148 of the liner cylinder 42B. The flare gas is caused to
reverse its upward direction to flow downwardly through the
annularly shaped reverse flow channel 150 as indicated‘by the
arrows 152 and 154. The lower end of the liner cylinder 42B is
disposed somewhat above the bottom plate 50B, and the gas
discharging from the reverse flow channel 150 is again caused
to reverse its direction and to flow upwardly into the annular
orifice channel 54B, as indicated by the arrows 156; the flare
gas discharges at the exit port of the annular flow channel 54B
provided at the top of the flare tip assembly 40B. The exit
port of the flare tip assembly 40B is identical in construction
detail to that described for the flare tip assembly 40 with
reference to Figure 4. The flare gas discharging from the
annular orifice 54B forms a perimeter zone discharge as
indicated by the arrow 80 in Figure 6, and this perimeter zone
discharge may be diverged from an upwardly rising cylindrical
configuration by the deflector ring 82 if provided.

The flare tip assembly 40B may also be equipped with the
fluid injector assembly 100, described hereinabove, and with
the conventional igniter assembly 90. Also, the upper portion
of the internal wall of the liner cylinder may be lined with a
refractory (not shown) if required to protect the structure
from the burning flare gas.

While the flare tip assembly 40B performs the same
function as the flare tip assembly 40A in discharging the flare
gas as a perimeter zone discharge as described above, the flare
tip assembly 40B further provides a reverse flow seal chamber
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between the flare conduit 30B and the annular ori;‘fice channel
54B. During purge operations, this reverse flow seal chamber
serves to entrap a portion of the purge gas generally within
the space formed in the reverse flow channel 150 below the seal

5 plate 144 and the lower portion of the annular orifice channel
54B, and this occurs whether the purge gas is heavier or
lighter than atmospheric air. The result of this purge gas
entrapment is to minimize the amount of purge gas required to
retard the backflow of atmospheric air into the flare stack.

10 It is clear that the present invention is well adapted to
carry out the objects'and to attain the ends and advantages
mentioned as well as those inherent therein. While presently
preferred embodiments of the invention have been described for
purposes of this disclosure, it will be recognized that

15 numerous changes ﬁay be made which will readily suggest
themselves to those skilled in the art and which are
encompassed within the spirit of the invention disclosed and as

defined in the appended claims.

™
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What is claimed is:
1. A flare gas combustion apparatus comprising:

~a flare housing having an upper end; -
gas directing means disposed within the flare
housing for forming an orifice channel between the
5 gas directing means and the upper end of the flare
housing; and '
a first flare conduit connected in fluid com-
munication with the orifice channel so that a first
flare gas portion passing through the first flare
10 conduit is exhausted from the orifice channel at an

exit port of the orifice channel at the upper end of

the flare housing.

2. The flare gas combustion apparatus of claim 1 wherein
the flare housing is tubularlyishaped and wherein- the gas
directing means comprises: , '

a liner member having first and second ends

5 and supported within the flare housing, the orifice
channel being the space between the inner wall of
the flare housing and the outer wall of the liner
member, the first flare gas portion discharging from
the orifice channel forming a perimeter zone

10 discharge from the exit port.

3. The flare gas combustion apparatus of claim 2 wherein
the liner member has an upper end, the flare gas combustion
apparatus further comprising:

a second flare conduit in fluid communication
5 with the inner core of the liner member so that a

second flare gas portion passing to the liner member
is discharged from the upper end of the liner member

as an inner zone discharge.
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4. The flare gas combustion apparatus of claim 3 further
comprising: , ’
' a flare gas inlet conduit having fluid com-
munication with the first flare conduit and with the .
5 second flare conduit; and ;
seal means interposed between the.flare gas ‘
inlet conduit and the second flare conduit for
preventing flare gas flow from the flare gas inlet
conduit to the second flare conduit until the
0 pressure in the flare gas inlet exceeds a

predetermined pressure.

5. The flare gas combustion apparatﬁs of claim 2 further
comprising: ‘
injector means for directing selected fluid
into the liner member.

6. The flare gas combustion apparatus of claim 2 further
comprising:
injector means for directing selected fluid
into the perimeter zone discharge.

7. The flare gas combustion apparatus of claim 6 wherein
the injector means comprises:
a hollow pipe ring supported around the flare
housing below the upper end thereof, the pipe ring
s having at least one discharge aperture therein;
at least one fluid nozzle connected to the pipe
ring, the number of fluid nozzles equal to the
number of discharge apertures in the pipe ring, each +t
fluid nozzle connected at a discharge aperture, each
10 fluid nozzle extending from the pipe ring and
disposed to discharge fluid toward the perimeter
zone discharge; and
inlet fluid means connected to the pipe ring for
directing pressurized selected fluid into the pipe

15 ring.
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8. The flare gas combustion apparatus of ciaim 2 wherein
the gas directing means further comprises:
o seal plate means disposed to seal the upper portion
of the liner cylinder; and
5 wherein the first flare conduit extends axially into the liner
cylinder through the lower end thereof, an annularly shaped
reverse flow channel formed between the inner wall of the liner
cylinder and the outer wall of the first flare conduit, the
reverse flow channel having fluid communication between the
10 first flare conduit and the annular orifice channel so that a
reverse flow fluid seal chamber is provided between the first

flare conduit and the annular orifice channel.

9. The flare gas combustion apparatus of claim 2, 3, 4,
5, 6 or 7 wherein the gas directing means further comprises:
a deflector ring supported by the liner cylinder near
the exit port and having a flare gas diverting
5 surface, the deflector ring positioned so that the
perimeter zone dischafge is caused to diverge at a

predetermined diﬁergent angle.

10. The flare gas combustion apparatus of claim 9 wherein

the deflector ring has a plurality of apertures therethrough.

11. A flare gas'combus;ion apparatus comprising:
a flare housing having an upper end;
a liner cylinder having first and second ends and
coaxially supported within the flare housing, the
5 liner cylinder forming an annular orifice channel
between the inner wall of the flare housing and the
outer wall of the liner cylinder; and
a first flare conduit connected in fluid communication
with the annular orifice channel so that a first
10 flare gas portion passing through the first flare
conduit is discharged from the orifice channel at an
exit port of the annular orifice channel at the
upper end of the flare housing, the first flare gas
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portion discharging from the exit port of the
15 - annular orifice channel forming a cylindrically
shaped perimeter zone discharge.

12, The flare gas combustion apparatus of claim 11
wherein the liner cylinder has an upper end and an inner core,
the flare gas combustion apparatus further comprising:

a second flare conduit in fluid communication with the
5 inner core of the liner cylinder so that a second
waste gas portion passing to the liner cylinder is
discharged from the upper end of the liner cylinder

as an inner zone discharge.

13. The flare gas combustion apparatus of claim 12
further comprising:
a flare gas inlet conduit having fluid communication
with the first flare conduit and with the second
5 flare conduit; and
liquid seal means interposed between the flare
gas inlet conduit and the second flare conduit for
preventing flare gas flow from the flare gas inlet
conduit to the second flare conduit until the
10 pressure in the flare gas inlet exceeds a

predetermined value,

14, The flare gas combustion apparatus of claim 13
further comprising:
injector means for directing a selected fluid -

into the perimeter zone discharge.

15. The flare gas combustion apparatus of claim 13
further comprising:
injector means for directing a selected fluid

into the liner cylinder.
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16. 'Thé flare gas combustion apparatus of ciaim 14
wherein the injector means comprises: '
a hollow pipe ring supported around the flare
housing, the pipe ring having a plurality of
5 ' discharge apertures therein; o
a plurality of fluid nozzles connected to-the
pipe ring, each fluid nozzle connected at a
discharge aperture and extending from the pipe ring
to discharge fluid toward the perimeter zone
10 discharge; and 7
' inlet fluid means connected to the pipe ring
for directing a pressurized selected flpid into the

pipe ring.

17. The flare gas combustion apparatus of claim 11
further comprising:
seal plate means disposed to seal the upper .
portion of the liner cylinder; and

5 wherein the first flare conduit extends axiélly into the liner
cylinder through the lower end thereof; an annularly shaped
reverse flow channel formed between the inner wall of the liner
cylinder and the outer wall of the first flare conduit, the
reverse flow channel having fluid communication between the

10 first flare conduit and the annular orifice channel so that a
reverse flow fluid seal chamber is provided between the first

flare conduit and the annular orifice channel.

18. The flare gas combustion apparatus of claim 11, 12,
13, 14, 15, 16 and 17 further comprising:
a deflector ring supported by the liner
cylinder near the exit port and having a flare gas
5 diverting surface, the deflector ring positioned so
that the perimeter zone discharge is caused to
diverge at a predetermined divergent angle.
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19. The flare gas combustion apparatus of claim 18
wherein the deflector ring has a plurality of apertures

therethrough.

20. A flare gas combustion apparatus comprising:
a flare housing having an upper end;
gas directing means generally centrally disposed
within the first flare conduit for forming an
5 annular orifice channel between the gas directing
means and the flare housing; and
a flare conduit in fluid communication with the
annular orifice channel so that flare gas passing
through the flare conduit is discharged from the
10 annular orifice channel at the upper end of the
flare housing in a relatively thin layer.of

cylindrical configuration.
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