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(57) Abstract: A torch (100) is provided with a torch body (103), a tip orifice (107) structure, and a tube (101). The torch body
(103) has an upstream cavity (110), a mixture cavity (113) with a plurality of conical bores (104) through its sidewall to permit a
flow of air into it, and a tube connection portion (102). The tip orifice (107) structure is inserted into upstream cavity (110) and has a
bore through its centre. The bore has a first diameter and directs a fuel to the mixture cavity (113). The tube connection portion
(102) transports the fuel/air mixture from the mixture cavity (113) to the tube (101) to build a flame at the tube's exit. The ratio of
the first diameter of bore and the inner diameter (iD) of the tube (101) is in the range of 5 to 7% for acetylene as fuel, or in the range
of 2 to 3% for either propane or propylene as fuel.
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IMPROVED SWIRL COMBUSTION AIR FUEL TORCH
BACKGROUND OF THE INVENTION

[01] Devices, systems, and methods consistent with claims 1 and 6 of the
present invention relate to a torch and more patrticularly to an improved swirl com-

bustion air fuel torch.

[02] Gas torches are used to combine air with a combustible fuel. The
torches attempt to combine the air with the fuel to create an appropriate mixture ratio
to provide a heating or cutting flame which is then used to heat or cut through mate-
rials such as metal. However, because of various factors, such as different fuel types
and densities, flow rates, etc. it can be difficult to provide a torch which optimizes the

fuel/air mixture to provide a stable and optimal flame.

BRIEF SUMMARY OF THE INVENTION

[03] Against this background it is an object of the present invention to over-
come the aforementioned problem. The problem according to the application is
solved by a torch according to claim 1 and 6. Further embodiments of the invention
are subject matter of the sub claims. An exemplary embodiment of the present in-
vention is a torch, having a torch body having an upstream cavity, a mixture cavity
and a tube connection portion downstream of the mixture cavity. The mixture cavity
has a plurality of conical bores through a sidewall of the mixture cavity to permit a
flow of air into the mixture cavity, and the tube connection portion has a bore to re-
ceive a flow from the mixture cavity and direct the flow to an exit of said tube connec-
tion portion. A tip orifice structure is inserted into the upstream cavity and the tip ori-
fice structure has a bore through a center thereof. The bore has a first diameter and
the bore directs a fuel to the mixture cavity. A tube is coupled to the tube connection
portion which receives the flow from the tube connection portion, and has a inner
diameter. The tube delivers the flow to a flame and the the ratio of the first diameter
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to the inner diameter of the tube is in the range of 5 to 7% for acetylene torches and

2 to 3% for propane and propylene torches.

BRIEF DESCRIPTION OF THE DRAWINGS

[04] The above and/or other aspects of the invention will be more apparent
by describing in detail exemplary embodiments of the invention with reference to the

accompanying drawings, in which:

[05] FIG. 1A illustrates a diagrammatical representation of a torch in accor-

dance with an exemplary embodiment of the present invention;

[06] FIG 1B illustrates a diagrammatical representation of a view of a tip
orifice in accordance with an exemplary embodiment of the present invention; and

[07] FIG. 2 illustrates a diagrammatical representation of a torch body in

accordance with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[08] Exemplary embodiments of the invention will now be described below
by reference to the attached Figures. The described exemplary embodiments are
intended to assist the understanding of the invention, and are not intended to limit
the scope of the invention in any way. Like reference numerals refer to like elements

throughout.

[09] Figure 1A/1B is a diagrammatical representation of a torch 100 in ac-
cordance with an exemplary embodiment of the present invention. The torch 100 is
made up of a number of components, primarily including a tip tube 101; a torch body
103, a tip orifice 107, and a swirl tip insert 112. Each of these components will be

discussed in turn.
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[10] The tip orifice 107 is a brass insert which is to be inserted into a cavity
110 in the torch body 103. The orifice 107 can be made of a metallic material such
as brass. The tip orifice 107 can also have a threaded section 108 which allows the
orifice 107 to be securely inserted into the body 103. Through the centerline of the tip
orifice 107 an inlet bore 109 is provided. The bore 109 has a constant diameter
along its length and a cylindrical shape. Based on the application for the torch 100
the bore can have different diameters. That is, for some operations a smaller bore
109 is needed while for other operations a larger bore 109 is needed. The bore
should be made as smooth as possible so as to ensure smooth gas flow through the
bore 109. In exemplary embodiments, the bore can have a diameter in the range of
0.007 to 0.04 inches.

[11] The body 103 can also be made from brass and has a cavity 110 which
allows for the proper seating of the tip orifice 107. This seating should be such that
no gas can escape from the connection. An o-ring can be used to ensure an ade-
quate seal is provided. Along the centerline of the body 103 is a bore 114 which al-
lows for the flow of gas from the tip orifice 107 to pass through the body 103 to an
inner cavity 113 in the body 103 and into the tube 101. The bore 114 is comprised of
an upstream portion 114A and a downstream portion 114B which are separated by
the cavity 113. In an exemplary embodiment of the present invention, the upstream
portion 114A has a first diameter and the downstream portion 114B has a second
diameter which is larger than the first diameter. In an exemplary embodiment, the
upstream portion 114A has a diameter which is the same as the diameter of the bore
109 in the tip orifice. In a further exemplary embodiment, the upstream portion 114A
has a diameter which is slightly larger than that of the bore 109. However, the diame-
ter differential should not be so much as to adversely affect the flow of gas from the
bore 109 into the cavity 113.

[12] In exemplary embodiments of the present invention used with acety-
lene fuel the bore 109 has a constant diameter in the range of 0.01 to 0.04 inches.

in exemplary embodiments of the present invention used with either propane or pro-
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pylene fuel the bore 109 has a constant diameter in the range of 0.007 to 0.021

inches.

[13] In another exemplary embodiment, the cavity 113 is sized such that the
bore 109 of the tip orifice 107 directly delivers the fuel to the cavity 113, in that there
is no upstream portion 114A of the bore 114. Rather the cavities 110 and 113 are
sized such that the downstream tip of the tip orifice 107 directly contacts the cavity
113.

[14] The body 103 has a first connection end 106 which connects to a gas
supply line (not shown) which is typically connected to a gas supply source (also not
shown). The first connection 106 can be of any known type of connection to allow for
the body 103 to be properly secured to a gas supply line. In an exemplary embodi-
ment of the present invention, the connection 106 is a “quick-type” connection end
which allows for the quick release and connection of the body. Such a connection
uses a slidable collar and a pressure fitting such that when the end 106 is inserted
into the supply line a hermetic seal is provided to prevent gas from flowing through
the joint. Such a connection type is generally known and need not be described in
detail herein. On the sides of the body 103 are at least four conically shape bores
104 which all extend from an outer surface of the body 103 to an inner cavity 113. In
the embodiment in which there are four bores 104, they are each positioned 90 de-
grees from each other radially. This inner cavity 113 couples the upstream and
downstream portions 114A/114B of the bore 114 with the conically shaped bores
104 on the sides of the body 103.

[15] Figure 2 depicts a cross-section of a body 103 in accordance with an
exemplary embodiment of the present invention. In the embodiment shown there is
no upstream portion 114A of the bore 114 (as discussed above), but the cavity 110
is directly coupled to the cavity 113. Also shown in this embodiment is an expansion
area 116 located at the exit of the tube connection portion 102. The expansion area
116 allows the mixture to expand gradually as it approaches the tube 101 so that the

-4-
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transition from the body 103 to the tube 101 does not create a significant disruption
in the flow, such as with eddy currents, or the like. The expansion area 116 is formed
by angling the inner surface of the downstream portion 1‘i4B SO as to create a coni-
cal exit. In an exemplary embodiment of the present invention, the angle A of the
conical section is in the range of 3 to 30°. It has been discovered that an angle in the
stated range provides optimal performance in transition from the body 103 to the
tube 101.

[16] During use of the torch 100, a fuel gas is provided from a source
through a hose to the body 103. The gas then flows through the bore 109 in the tip
orifice 107 into the upstream portion 114A of the bore 114 in the body 103. As the
gas then flows into the cavity 113 towards the downstrearh portion 1148 of the bore
114 it creates a venturi effect at the conical bores 104 which causes the atmosphere
to be drawn in through the conical bores and into the cavity 113. Thus, in the cavity
113 a mixture of fuel and atmosphere is created. This mixture then passes down
through the downstream portion 114B of the bore 114 and into the tube 101. The
body 103 /has a tube connection portion 102 which allows for the connection be-
tween the body 103 and the tube 101. This connection can be made in any number
of ways, including a friction fit, a threaded connection, or the like. However, the con-
nection should be also hermetic such that the mixture of fuel and atmosphere does
not escape from the connection point. The downstream portion 114B should have a
sufficient diameter to deliver the combined volume of the atmosphere and fuel with-
out restricting the flow of the mixture. All of the bores and cavities in the body are to
be as smooth as possible so as to provide smooth surfaces for fuel and atmosphere

flow.

[17] The tube 101 can be made of a stainless steel material, as well as
other metals which are capable of withstanding high temperatures. The tube 101 has
an inside diameter ID which is selected for the appropriate operation. That is, a

higher flow rate of mixture will require a larger diameter ID. The inside diameter ID is



10

15

20

25

30

WO 2013/050847 PCT/IB2012/001867

to be constant along the length of the tube 101 and should be a smooth surface to

provide for optimal flow. The diameter ID can be in the range of 0.2 to 0.7 inches.

[18] As shown in Figure 1A the tube 101 can be bent. However, embodi-
ments of the present invention are not limited to this, and can have a straight con-
figuration as well. To the extent the tube 101 is bent the bend should not be so dra-
matic so as to adversely affect the flow of the mixture through the tube 101 or signifi-
cantly affect the diameter ID of the tube 101. Within the tube 101, near the end 115,
a swirl insert 112 is provided. The swirl insert 112 can be made of brass, stainless
steel or similar materials and has a series of helical channels or flutes in it (not
shown) which swirl the mixture of gas and atmosphere prior to the mixture exiting the
tip 115. In exemplary embodiments of the present invention, the number of chan-
nels/flutes can be in the range of 3 to 5. The channels/flutes should be sized such
that they do not result in any appreciable choking of the flow of the mixture through
the tube 101. Further, the helical pattern of the flutes should be such that the fuel
and atmosphere is sufficiently mixed for optimal combustion after the mixture exits
the tip 115. The insert 112 can have an outside diameter which allows it to be press
fit or friction fit into the tube 101. Other means to secure the insert 112 can also be

employed.

[19] It has been discovered, unexpectedly, that the ratio of the diameter of
the bore 109 in the tip orifice 107 to the inside diameter ID of the tube 101 is impor-
tant to the optimal operation of the torch 100. This ratio has not been previously ap-
preciated or understood. Furthermore, it has been discovered that this ratio is de-
pendant upon the type of fuel being employed for the operation. For example, this
ratio depends on whether or not the fuel used is acetylene or propane and propyi-

ene. This will be explained more fully below.

[20] It has been discovered that, in exemplary embodiments of the inven-
tion, if the torch 100 is to be used with acetylene fuel the ratio of the bore 109 diame-
ter to the inside diameter of the tube should be in the range of 5 to 7%. In further ex-
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emplary embodiments to be used with acetylene it has been discovered that the ratio

should be in the range of 5.4 to 6.6%. However, for torches to be used with either

propane or propylene fuel exemplary embodiments are to have a ratio in the range of -
2 to 3%. In further exemplary embodiments using propane or propylene the ratio is in

the range of 2.5 to 3%. It has been discovered that these ratios, for the appropriate

fuel, provide surprisingly improved performance. It has also been discovered that the

ratio is dependant on the type of fuel to be used, as indicated above.

[21] For example, if an exemplary torch 100 is to be used with acetylene
fuel and the inside diameter ID of the tube 101 is 1/4”, the diameter of the bore 109
in the tip orifice should be in the range of 0.0125” to 0.0175” (5 to 7%). However, if
the exemplary torch is to be used with propane or propylene the diameter of the bore
109 is to be in the range of 0.005” to .0075” (2 to 3%). By maintaining these respec-
tive ratios, optimal performance can be achieved for the torch.

[22] With these ratios, exemplary embodiments of the torch 100, used with
acetylene, can provide overall mixture flow rates in the range of 2 to 30 SCFH (stan-
dard cubic foot per hour) at a fuel pressure of 14 PSI, while still provide an optimal
flame. Similarly, in exemplary embodiments used with propane or propylene a flow
rate in the range of 2 to 12 SCFH can be achieved at a fuel pressure of 28 PSI, while
still providing an optimal flame. Of course, it is understood that larger flow rates are
achieved by using a larger diameter tube 101 and bore 109. The ratios discussed
above allow for an optimal flow and mixing of the atmosphere (e.g., air) with the fuel

to achieve an optimal flame.

[23] While the invention has been particularly shown and described with
reference to exemplary embodiments thereof, the invention is not limited to these
embodiments. It will be understood by those of ordinary skill in the art that various
changes in form and details may be made therein without departing from the spirit
and scope of the invention as defined by the following claims.
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What is claimed is:

A torch (100), comprising:

a torch body (103) having an upstream cavity, a mixture cavity and a tube
connection portion (102) downstream of said mixture cavity, where said mix-
ture cavity has a plurality of conical bores (104) through a sidewall of said mix-
ture cavity to permit a flow of air into said mixture cavity, and said tube con-
nection portion (102) has a bore to receive a flow from said mixture cavity and
direct said flow to an exit of said tube connection portion (102);

a tip orifice (107) structure inserted into said upstream cavity, said tip orifice
structure having a bore through a center thereof, said bore having a first di-
ameter and where said bore directs a fuel to said mixture cavity; and

a tube (101) coupled to said tube connection portion (102) which receives
said flow from said tube connection portion (102), and has a inner diameter
(iD), where said tube (101) delivers said flow to a flame at an exit of said tube;
wherein the ratio of said first diameter to said inner diameter (iD) of said tube
(101) is in the range of 5 to 7%, and

wherein said fuel is acetylene.
The torch (100) of claim 1, wherein said ratio is in the range of 5.4 to 6.6%.

The torch (100) of claim 1 or 2, wherein said first diameter is in the range of
0.01 to 0.04 inches.

The torch (100) of any of the claims 1 to 3, wherein sa.id first diameter is in the
range of 0.01 to 0.04 inches and said inside diameter (iD) of said tube is in the
range of 0.2 to 0.7 inches.

The torch of any of the claims 1 to 4, wherein said torch (106) can provide a
flow rate of 2 to 30 SCFH at an acetylene fuel pressure of 14 PSI.
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A torch (100), comprising:

a torch body (103) having an upstream cavity, a mixture cavity and a tube
connection portion (102) downstream of said mixture cavity, where said mix-
ture cavity has a plurality of conical bores (104) through a sidewall of said mix-
ture cavity to permit a flow of air into said mixture cavity during, and said tube
connection portion (102) has a bore to receive a flow from said mixture cavity
and direct said flow to an exit of said tube connection portion (102);

a tip orifice (107) structure inserted into said upstream cavity, said tip orifice
structure (107) having a bore through a center thereof, said bore having a first
diameter and where said bore directs a fuel to said mixture cavity; and

a tube (101) coupled to said tube connection portion (102) which receives
said flow from said tube connection portion (102), and has a inner diameter
(iD), where said tube delivers said flow to a flame at an exit of said tube;
wherein the ratio of said first diameter to said inner diameter (iD) of said tube
is in the range of 2 to 3%, and

wherein said fuel is either propane or propylene.

The torch (100) of any of the claims 3 to 6, wherein said ratio is in the range of

2.510 3%.

The torch (100) of any of the claims 1 to 7, wherein said bore in said tube
connection portion (102) has an expansion cavity in a downstream portion
(114B) of said bore in said tube connection portion (102).

The torch (100) of any of the claims 1 to 8, wherein said expansion cavity
comprises an angled surface having an angle (A) in the range of 3 to 30 de-

grees.

The torch (100) of any of the claims 1 to 9, further comprising a swirl insert
(112) which is positioned in said tube proximate to said flame.

-10 -
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The torch (100) of any of the claims 1 to 10, wherein said inside diameter (iD)

is in the range of 0.2 to 0.7 inches.

The torch (100) of any of the claims 6 to 11, wherein said first diameter is in
the range of 0.007 to 0.02 inches.

The torch (100) of any of the claims 6 to 12, wherein said first diameter is in
the range of 0.007 to 0.02 inches and said inside diameter (iD) of said tube is

in the range of 0.2 to 0.7 inches.

The torch (100) of any of the claims 1 to 13, wherein the number of said plu-
rality of conical bores (104) is in the range of 3 to 5.

The torch (100) of any of the claims 6 to 14, wherein said torch (100) can pro-
vide a flow rate of 2 to 12 SCFH at an acetylene fuel pressure of 28 PSI.

-11-
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