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(54) Title: PLASMA ARC CUTTING SYSTEM, INCLUDING NOZZLES AND OTHER CONSUMABLES, AND RELATED OP 
ERATIONAL METHODS 

(57) Abstract: A nozzle for a liquid-cooled plasma arc torch 

is provided. The nozzle includes a thermally conductive body 
110 having a distal end, a proximal end, and a longitudinal axis 

extending therethrough. The nozzle also includes a plasma 
210-14 arc exit orifice at the distal end of the thermally conductive 

body. The nozzle additionally includes a cooling waist loc
22 ated circumferentially about an exterior surface of the 

thermally conductive body. The cooling waist includes a li
quid inlet slope, a liquid outlet slope and a heat exchange re
gion between the liquid inlet slope and the liquid outlet slope.  
The heat exchange region extends substantially parallel to the 
longitudinal axis, and the liquid inlet slope and the liquid 
outlet slope are oriented generally perpendicular to the longit 
udinal axis.  
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PLASMA ARC CUTTING SYSTEM, INCLUDING NOZZLES AND OTHER 
CONSUMABLES, AND RELATED OPERATIONAL METHODS 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of and priority to U.S. Provisional Patent 

Application No. 62/320,935, filed April 11, 2016, which is owned by the assignee of the 

instant application and incorporated herein by reference in its entirety.  

TECHNICAL FIELD 

[0002] The present invention generally relates to the field of plasma arc cutting systems and 

processes. More specifically, the invention relates to improved consumable components 

(e.g., nozzles) and operational methods for cooling a plasma arc torch.  

BACKGROUND 

[0003] Plasma arc torches are widely used for high temperature processing (e.g., heating, 

cutting, gouging and marking) of materials. A plasma arc torch generally includes a torch 

head, an electrode mounted within the torch head, an emissive insert disposed within a bore 

of the electrode, a nozzle with a central exit orifice mounted within the torch head, a shield, 

electrical connections, passages for cooling, passages for arc control fluids (e.g., plasma gas) 

and a power supply. A swirl ring can be used to control fluid flow patterns in the plasma 

chamber formed between the electrode and the nozzle. In some torches, a retaining cap is 

used to maintain the nozzle and/or swirl ring in the plasma arc torch. In operation, the torch 

produces a plasma arc, which is a constricted jet of an ionized gas with high temperature and 

sufficient momentum to assist with removal of molten metal. Gases used in the torch can be 
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non-reactive (e.g., argon or nitrogen), or reactive (e.g., oxygen or air).  

[0004] Design considerations for a plasma arc torch include features for cooling, since a 

plasma arc generated can produce temperature in excess of 10,000 °C, which, if not 

controlled, can destroy the torch, particularly the nozzle. That is, the erosion rate of a nozzle 

is affected by the cooling efficiency at the nozzle. Efficient cooling can help to maintain a 

relatively low temperature, which leads to a lower erosion rate. Prior art nozzles, such as the 

nozzles described in U.S. Patent No. 8,772,667, include a toroidal chamber configured to 

allow fluid flows through and along the chamber to promote convective cooling of the 

nozzle. Specifically, a fluid enters the chamber from one side of the nozzle, flows around the 

nozzle within the chamber to the other side of the nozzle, and exits the nozzle from the 

opposite side of the nozzle. Such convective cooling tends to promote turbulence in the fluid 

flow and results in unevenness in cooling as the cooling fluid enters one side of the nozzle 

and exit from the opposite side at a warmer temperature. There is a need for nozzle cooling 

features that can provide smooth, laminar fluid flows while enabling uniform cooling around 

substantially the entire circumference of the nozzle.  

SUMMARY 

[0005] It is therefore an objective of the present invention to provide nozzle designs that 

optimize coolant flow through the nozzles, thereby improving service life of the nozzles and 

increasing cut quality. In some embodiments, a cooling waist is provided around an external 

surface of a nozzle to enable laminar coolant flow and uniform nozzle cooling about the 

perimeter of the nozzle.  

[0006] In one aspect, a nozzle for a liquid-cooled plasma arc torch is provided. The nozzle 

includes a thermally conductive body having a distal end, a proximal end, and a longitudinal 

axis extending therethrough. The nozzle also includes a plasma arc exit orifice at the distal 

-2-



WO 2017/180553 PCT/US2017/026896 

end of the thermally conductive body. The nozzle additionally includes a cooling waist 

located circumferentially about an exterior surface of the thermally conductive body. The 

cooling waist includes a liquid inlet slope, a liquid outlet slope and a heat exchange region 

between the liquid inlet slope and the liquid outlet slope. The heat exchange region extends 

substantially parallel to the longitudinal axis, and the liquid inlet slope and the liquid outlet 

slope are oriented generally perpendicular to the longitudinal axis. The nozzle further 

includes a first sealing member located between the liquid outlet slope and the distal end of 

the thermally conductive body, and a second sealing member located between the proximal 

end of the thermally conductive body and the liquid inlet slope.  

[0007] In some embodiments, the liquid inlet slope and the liquid outlet slope are at different 

axial locations in relation to the longitudinal axis. In some embodiments, the liquid inlet 

slope comprises an axial alignment flange configured to axially align the nozzle with another 

component of the plasma arc torch.  

[0008] In some embodiments, the cooling waist is generally located in a center portion of the 

body. In some embodiments, the cooling waist is configured to facilitate a laminar flow of a 

liquid coolant therethrough, such that the liquid coolant entering the liquid inlet slope does 

not substantially intermingle with the liquid coolant exiting from the liquid outlet slope.  

[0009] In some embodiments, the nozzle further comprises a third sealing member located 

between the second sealing member and the proximal end of the body. In some 

embodiments, a vent hole is located between the third sealing member and the second sealing 

member. The vent hole is configured to connect an interior surface of the body to the exterior 

surface of the body. A supply hole is located between the third sealing member and the 

proximal end of the body. The supply hole is configured to connect an exterior surface of the 

body to the interior surface of the body. A vent hole is located between the first sealing 
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member and the distal end of the body. The vent hole is configured to connect an interior 

surface of the body to a shield gas supply channel.  

[0010] In some embodiments, a retaining cap is coupled to the exterior surface of the nozzle 

body to define a chamber in cooperation with the cooling waist. In some embodiments, the 

chamber has a volume of about 0.03 cubic inches.  

[0011] In another aspect, a nozzle for a liquid cool plasma torch is provided. The nozzle 

includes a body having a distal end, a proximal end, and a longitudinal axis extending 

therethrough. The nozzle also includes a plasma arc exit orifice disposed at the distal end of 

the body. The nozzle additionally includes a cooling means centrally located on an exterior 

surface of the body between the distal end and the proximal end. The cooling means is 

circumferentially oriented about the body. The cooling means has an inlet means for 

receiving a liquid coolant and an outlet means for redirecting the liquid coolant radially 

outward in a laminar flow pattern. The inlet and the outlet means are axially spaced from one 

another. The nozzle further includes a first sealing means located between the outlet means 

and the distal end of the body, and a second sealing means located between the inlet means 

and the proximal end of the body.  

[0012] In some embodiments, the nozzle includes at least one venting means disposed in the 

body. In some embodiments, the cooling meanings is configured to prevent liquid coolant in 

the inlet means from intermingling with the liquid coolant in the outlet means.  

[0013] In yet another aspect, a method is provided for liquid cooling a plasma-cutting nozzle 

in a plasma arc torch. The nozzle has a body with a distal end, a proximal end, and a 

longitudinal axis extending therethrough. A cooling waist is located circumferentially about 

an exterior surface of the body in a central portion of the body between the distal end and the 

proximal end. The method includes directing a liquid coolant flow along an inlet slope of 
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the cooling waist at an angle generally perpendicular to the longitudinal axis. The method 

also includes conducting the liquid coolant flow along a heat exchange region of the cooling 

waist substantially parallel to the longitudinal axis. The heat exchange region is located 

between the inlet slope and an outlet slope of the cooling waist. The method further includes 

directing the liquid coolant flow over the outlet slope radially away from the nozzle at an 

angle generally perpendicular to the longitudinal axis, the outlet slope distal to the inlet slope.  

The liquid coolant flow through the cooling waist comprises a substantially laminar flow 

such that the liquid coolant flow through the inlet slope does not substantially intermingle 

with the liquid coolant flow over the outlet slope.  

[0014] In some embodiments, the method further comprises sealing the nozzle at one or more 

of a first sealing location between the outlet slope and the distal end of the body, a second 

sealing location between the proximal end of the body and the inlet slope, and a third sealing 

location between the second sealing member and the proximal end of the body. In some 

embodiments, the method further comprises venting at least a portion of a gas flow through at 

least one of a first vent hole located between the third sealing location and the second sealing 

location and a second vent hole between the first sealing location and the distal end of the 

body. In some embodiments, the method further comprises supplying a gas flow into an 

interior region of the nozzle through a supply hole located between the third sealing location 

and the proximal end of the body.  

[0015] In some embodiments, the method includes coupling a retaining cap to the exterior 

surface of the body to create a chamber in cooperation with the cooling waist. In some 

embodiments, the chamber has a volume of about 0.03 cubic inches.  

[0016] In some embodiments, the method includes axially aligning the nozzle in relation to 

another component in the plasma arc torch using an axial alignment flange at the inlet slope.  
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[0017] In some embodiments, the method includes operating the plasma arc torch at about 

170 amps or less.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The advantages of the invention described above, together with further advantages, 

may be better understood by referring to the following description taken in conjunction with 

the accompanying drawings. The drawings are not necessarily to scale, emphasis instead 

generally being placed upon illustrating the principles of the invention.  

[0019] FIG. 1 is a cross-sectional view of a liquid-cooled plasma arc torch with a nozzle 

having a cooling waist, according to an illustrative embodiment of the present invention.  

[0020] FIGS. 2a and 2b are isometric and sectional views of the nozzle of FIG. 1, according 

to an illustrative embodiment of the present invention.  

[0021] FIG. 3 is a cross-sectional view of another plasma arc torch with a nozzle having a 

cooling waist, according to an illustrative embodiment of the present invention.  

[0022] FIGS. 4a and 4b are isometric and sectional views of the nozzle of FIG. 3, according 

to an illustrative embodiment of the present invention.  

[0023] FIG. 5 is a diagram illustrating a process for liquid cooling a plasma-cutting nozzle in 

a plasma arc torch, according to an illustrative embodiment of the present invention.  

DETAILED DESCRIPTION 

[0024] FIG. 1 is a cross-sectional view of a liquid-cooled plasma arc torch 100 with a nozzle 
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110 having a cooling waist 111, according to an illustrative embodiment of the present 

invention. The plasma arc torch 100 includes a torch body 102 having a current ring 122 and 

a torch tip 104 having multiple consumables, for example, an electrode 105, the nozzle 110, 

an inner retaining cap 115, an outer retaining cap 116, a swirl ring 120, and a shield 125. In 

the torch tip 104, the nozzle 110 is spaced from the electrode 105 and has a central nozzle 

exit orifice 106. The swirl ring 120 is mounted around the electrode 105 and configured to 

impart a tangential velocity component to a plasma gas flow, thereby causing the plasma gas 

flow to swirl. The inner retaining cap 115 is securely connected (e.g., threaded) to the torch 

body 102 to retain the nozzle 110 to the torch body 102 and radially and/or axially position 

the nozzle 110 with respect to a longitudinal axis of the torch 100. The shield 125, which 

includes a shield exit orifice 107, is connected to the outer retaining cap 116 that secures the 

shield 125 to the torch body 102. In some embodiments, the nozzle exit orifice 106 and 

optionally, the shield exit orifice 107, define a plasma arc exit orifice through which a plasma 

arc is delivered to a workpiece during torch operation. The torch 100 can additionally 

include electrical connections, passages for cooling, passages for arc control fluids (e.g., 

plasma gas). In some embodiments, the liquid-cooled plasma arc torch 100 of FIG. 1 is 

operated at a current of about 80 amperes.  

[0025] FIGS. 2a and 2b are isometric and sectional views, respectively, of the nozzle 110 of 

FIG. 1, according to an illustrative embodiment of the present invention. As shown, the 

nozzle 110 has an elongated, thermally conductive body defining a longitudinal axis A 

extending therethrough and includes a distal end/portion 202, a central portion 204, and a 

proximal end/portion 206 along the longitudinal axis A. The distal end 202 of the nozzle 

body is configured to define the nozzle exit orifice 106 through which a plasma jet exits the 

nozzle 110.  
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[0026] In some embodiments, the central portion 204 defines the cooling waist 111 located 

circumferentially about an exterior surface of the nozzle 110 for conducting a liquid flow 

over at least a portion of the nozzle 110. In some embodiments, the cooling waist 111 

extends at least about 20% of the length of the nozzle 110 along the longitudinal axis A. As 

shown in FIGS. 2a and b, the cooling waist 111 is generally located in the middle of the 

nozzle 110 along the longitudinal axis A.  

[0027] The cooling waist 111 includes a liquid inlet slope 210, a liquid outlet slope 212 and a 

heat exchange region 214 between the liquid inlet slope 210 and the liquid outlet slope 212.  

As illustrated, the liquid inlet slope 210 is proximal to the heat exchange region 214, which is 

proximal to the liquid outlet slope 212, such that the liquid inlet slope 210 and the liquid 

outlet slope 212 are at different axial locations (with respect to longitudinal axis A) separated 

by the heat exchange region 214. In some embodiments, the heat exchange region 214 

extends substantially parallel to the longitudinal axis A, while each of the liquid inlet slope 

210 and the liquid outlet slope 212 is oriented at a non-zero angle relative to the heat 

exchange region 214 (i.e., relative to the longitudinal axis A). In some embodiments, the 

length of the cooling waist 111 along the longitudinal axis A (i.e., extending from the outer 

edge of the liquid inlet slope 210 to the outer edge of the liquid outlet slope 212) is about .25 

inches. The length of the relatively flat heat exchange region 214 along the longitudinal axis 

A is about.188 inches. In some embodiments, the liquid inlet slope 210 and the liquid outlet 

slope 212 are oriented generally perpendicular to the longitudinal axis A. In some 

embodiments, due in part to the axial separation between the inlet slope 210 and the outlet 

slope 212, the cooling waist 111 is configured to facilitate an outward radial laminar flow of 

a liquid coolant therethrough, such that the liquid coolant entering the liquid inlet slope 210 

does not substantially intermingle with the liquid coolant exiting from the liquid outlet slope 

212. Laminar flow of the liquid coolant is desirable because it provides smoother flow of a 
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liquid coolant through the torch 100. Since the liquid coolant is adapted to move from one 

torch component to another, laminar coolant flow generally results in less pressure drop 

across the cooling circuit.  

[0028] In some embodiments, the portion of the nozzle body between the liquid outlet slope 

212 and the distal end 202 defines a groove 216 on its exterior surface, where the groove 216 

is configured to house a first sealing member 218, which may be elastomeric, such as an o

ring. When the nozzle 110 is installed into the plasma arc torch 100, surface-to-surface 

contact between the nozzle 110 and the adjacent inner retaining cap 115 deforms the first 

sealing member 218 in the groove 216 to provide a liquid-tight seal between the nozzle 110 

and the inner retaining cap 115 in that region.  

[0029] In some embodiments, the portion of the nozzle body between the liquid inlet slope 

210 and the proximal end 206 defines at least one groove 220 on its exterior surface, where 

the groove 220 is configured to house a second sealing member 222, which may be 

elastomeric, such as an o-ring. When the nozzle 110 is installed into the plasma arc torch 

100, surface-to-surface contact between the nozzle 110 and an adjacent torch component, 

such as the current ring 122 of FIG. 1, deforms the second sealing member 222 in the groove 

220 to provide a liquid-tight seal between the nozzle 110 and the current ring 122 in that 

region. Generally, the sealing members 218 and 222 are configured to confine the coolant 

flow to within the cooling waist 111. In some cases, the nozzle 110 is provided with a third 

sealing member 226 housed in a grove 224 that is located on the exterior surface of the 

nozzle body between the second sealing member 222 and the proximal end 206 of the nozzle 

110. Thus, the third sealing member 226 is axially proximal to the second sealing member 

222. The third sealing member 226 is configured to provide another liquid-tight seal between 

the nozzle 110 and the current ring 122.  
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[0030] In some embodiments, the liquid inlet slope 210 includes an alignment flange 228 

extending radially from the exterior surface of the nozzle body. The alignment flange 228 is 

configured to axially align the nozzle 110 with another component of the plasma arc torch 

100, such as the current ring 122, during assembly of the torch 100. Thus, the liquid inlet 

slope 210 is adapted to extend higher in a direction perpendicular to the longitudinal axis A 

than the liquid outlet slope 212.  

[0031] In some embodiments, a supply hole 232 is positioned between the third sealing 

member 226 and the proximal end 206 of the nozzle body. The supply hole 232 is configured 

to connect an exterior surface of the nozzle body to the interior surface of the nozzle body to 

conduct a supply of plasma gas radially into the interior region of the nozzle 110. The third 

sealing member 226 can be used to direct the plasma gas to flow through the supply hole 232 

and into the area between the nozzle 110 and the swirl ring 120. In some embodiments, a 

vent hole 230 is positioned between the first sealing member 218 and the distal end 202 of 

the nozzle body. The vent hole 230 is configured to connect an interior surface of the nozzle 

body to the exterior surface of the nozzle body to conduct a plasma gas flow radially away 

from the nozzle 110. For example, the vent hole 230 is in fluid communication with a shield 

gas supply channel 234 between an exterior surface of the nozzle 110 and an interior surface 

of the shield 125, as shown in FIG. 1. In operation, a plasma gas flow from the nozzle 110 

can be vented to the shield gas supply channel 234 via the vent hole 230 to supplement the 

shield gas in the channel 234. The plasma gas vented into the shield gas channel 234 is 

adapted to preheat the shield gas, which adds more heat energy to a cut by the torch 100 and 

allows more assist gas to move the molten metal produced during the cut.  

[0032] In some embodiments, a vent hole (not shown in FIG. 1, but shown as vent hole 336 

in FIG. 3) is positioned between the second sealing member 222 and the third sealing 
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member 226. The vent hole is configured to connect an interior surface of the nozzle body to 

the exterior surface of the nozzle body to conduct a plasma gas flow radially away from the 

nozzle 110. The vent hole is adapted to be connected to a vent passage, which allows ionized 

plasma gas from the torch 100 to vent to atmosphere.  

[0033] In some embodiments, the exterior surface of the nozzle 110 at the cooling waist 111 

and an interior surface of the adjacent retaining cap 115 cooperatively define a coolant 

chamber 208, as illustrated in FIG. 1. The coolant chamber 208 can have a volume of about 

0.03 cubic inches. The coolant chamber 208 is configured to facilitate conductive cooling to 

other sections of the nozzle 110. For example, the relatively wide width of the coolant 

chamber 208 allows the cooling fluid to move quickly therethrough and the resulting high 

velocity flow promotes cooling.  

[0034] FIG. 3 is a cross-sectional view of another plasma arc torch 300 with a nozzle 310 

having a cooling waist 311, according to an illustrative embodiment of the present invention.  

The plasma arc torch 300 can be operated at a current of about 130 amperes. FIGS. 4a and 

4b are isometric and sectional views of the nozzle 310 of FIG. 3, according to an illustrative 

embodiment of the present invention. The nozzle 310, including the nozzle waist 311, is 

substantially similar to the nozzle 110 and the nozzle waist 111, respectively, of FIGS. 1, 2a 

and 2b. For example, same as the nozzle 110, the nozzle 310 includes a first sealing member 

318 (corresponding to the sealing member 218), a second sealing member 322 

(corresponding to the sealing member 222), and a third sealing member 326 (corresponding 

the sealing member 226). A vent hole 336 is positioned between the second sealing member 

322 and the third sealing member 326 to conduct a plasma gas flow radially away from the 

nozzle 310 and into the torch body. As shown, the nozzle 310 additionally includes a supply 

hole 332, same as the supply hole 232 of the nozzle 110, positioned between the third sealing 
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member 326 and the proximal end of the nozzle 310 to conduct a supply of plasma gas 

radially into the interior region of the nozzle 310. Generally, the second sealing member 322 

is configured to fluidly insulate the vented plasma gas from the cooling fluid in the waist 111, 

and the third sealing member 326 is configured to fluidly insulate the vented plasma gas from 

the plasma gas supply that flows into the swirl ring 120 through the supply hole 332.  

[0035] In general, a nozzle with a cooling waist, such as the nozzle 110 described above with 

references to FIGS. 1, 2a and 2b and the nozzle 310 described above with reference to FIGS.  

3, 4a and 4b can be incorporated into a variety of plasma arc torches that require liquid 

cooling. For example, the nozzle and the cooling waist described in the present application 

can be installed in liquid-cooled torches operated at about 170 amperes or less, such as at 

about 170 amperes, about 130 amperes, and/or about 80 amperes.  

[0036] FIG. 5 is a diagram illustrating a process 600 for liquid cooling a plasma-cutting 

nozzle in a plasma arc torch, according to an illustrative embodiment of the present invention.  

The plasma-cutting nozzle comprises a cooling waist, such as the nozzle 110 described above 

with references to FIGS. 1, 2a and 2b or the nozzle 310 described above with reference to 

FIGS. 3, 4a and 4b. For the purpose of illustration, the process 600 is described with 

reference to the nozzle 110. During cooling, a liquid coolant flow is directed along the inlet 

slope 210 of the cooling waist 111 of the nozzle 110 at a non-zero angle (step 602), such as at 

an angle generally perpendicular to the longitudinal axis A. The liquid coolant flow is 

adapted to be introduced to the inlet slope 210 from the torch body 102 via a coolant nozzle 

supply channel 242 that is in part formed by an interior surface of the inner retaining cap 115, 

as shown in FIG. 1. The heat exchange region 214 of the cooling waist 111 then conducts the 

liquid coolant flow axially in a distal direction toward the outlet slope 212 of the nozzle 110 

(step 604), where the heat exchange region 214 is substantially parallel to the longitudinal 
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axis A. The outlet slope 212 of the cooling waist 111 further directs the liquid coolant flow 

radially outward away from the nozzle 110 at a non-zero angle (step 606), such as a at an 

angle generally perpendicular to the longitudinal axis A.  

[0037] In some embodiments, the radial outward flow of the liquid coolant allows the liquid 

coolant flow to travel along a coolant shield channel 244 defined between an exterior surface 

of the inner retaining cap 115 and an interior surface of the shield 125, as illustrated in FIG.  

1. The coolant shield channel 244, in fluid communication with the outlet slope 212 of the 

nozzle cooling waist 111, conducts the coolant flow proximally toward the torch body 104 to 

further cool the shield 125 and the outer retaining cap 116. This coolant flow pattern has the 

advantage of reducing the space in the torch 100 used to redirect the coolant flow from the 

nozzle 110 to the shield 125. Specifically, it allows the coolant to directly flow from the 

nozzle 110 to the shield 125 without being routed back into the torch 100.  

[0038] In some embodiments, the liquid coolant flow through the cooling waist 111 forms a 

substantially laminar flow, such that the liquid coolant entering the inlet slope 210 does not 

substantially intermingle with the liquid coolant exiting from the outlet slope 212. Further, 

the axial liquid flow from the inlet slope 210 to the outlet slope 212 is substantially even 

around a circumference of the nozzle 110. For example, the coolant flow enters the inlet 

slope 210 around substantially the entire circumference of the nozzle 110. The coolant flow 

then cools the heat exchange region 214 uniformly around the circumference of the nozzle 

110. The coolant flow is directed away via the outlet slope 112 around the circumference of 

the nozzle 110. The coolant flow does not travel laterally or circumferentially within the 

cooling waist 111, but travels in a direction parallel to longitudinal axis A. The liquid coolant 

flow also does not enter from one lateral side of the nozzle 110 and exit from the other side.  

Rather, it is adapted to enter and exit from the same side of the nozzle 110 in a straight path 
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generally parallel to the longitudinal axis of the nozzle 110.  

[0039] In some embodiments, the process 600 includes supplying a plasma gas flow into an 

interior region of the nozzle 110 through a supply hole disposed in the nozzle body, such as 

the supply hole 232 located between the third sealing member 226 and the proximal end 206 

of the nozzle 110 of FIG. 1 or the supply hole 332 located between the third sealing member 

326 and the proximal end of the nozzle 310 of FIG. 3. In some embodiments, the process 

600 includes venting at least a portion of the gas flow through one or more vent holes, such 

as the vent hole 336 of the nozzle 310 located between the third sealing member 326 and the 

second sealing member 322 of the nozzle 310 and/or the vent hole 230 of the nozzle 110 

located between the first sealing member 218 and the distal end 202 of the nozzle 110.  

[0040] It should be understood that various aspects and embodiments of the invention can be 

combined in various ways. Based on the teachings of this specification, a person of ordinary 

skill in the art can readily determine how to combine these various embodiments.  

Modifications may also occur to those skilled in the art upon reading the specification.  

[0041] Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but 

not the exclusion of any other integer or step or group of integers or steps.  

[0042] The reference to any prior art in this specification is not, and should not be taken as, 

an acknowledgement or any form of suggestion that the prior art forms part of the common 

general knowledge in Australia.  
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CLAIMS 

1. A nozzle for a liquid-cooled plasma arc torch, the nozzle comprising: 

a thermally conductive body having a distal end, a proximal end, and a longitudinal axis 

extending therethrough; 

a plasma arc exit orifice at the distal end of the thermally conductive body; 

a cooling means located circumferentially about an exterior surface of the thermally 

conductive body, the cooling means including: 

a radial-extending liquid inlet means disposed about a circumference of the thermally 

conductive body, the liquid inlet means for receiving a liquid coolant flow toward 

the nozzle and oriented generally perpendicular to the longitudinal axis of the 

nozzle, 

a radial-extending liquid outlet means disposed between the liquid inlet means and 

the plasma exit orifice, the liquid outlet means disposed about a circumference of 

the thermally conductive body and located at a different axial location along the 

longitudinal axis from the liquid inlet scope, the liquid outlet means for 

conducting the liquid coolant flow away from the nozzle without intermingling 

with the liquid coolant flow in the liquid inlet means and oriented generally 

perpendicular to the longitudinal axis of the nozzle, and 

a heat exchange region between the liquid inlet means and the liquid outlet means, 

wherein the heat exchange region extends substantially parallel to the longitudinal 

axis to conduct the liquid coolant flow from the liquid inlet means to the liquid 

outlet means about a circumference of the cooling means in a direction 

substantially parallel to the longitudinal axis; 

a first sealing member located between the liquid outlet means and the distal end of the 

thermally conductive body; and 

a second sealing member located between the proximal end of the thermally conductive body 

and the liquid inlet means.  

2. The nozzle of claim 1, wherein the cooling means is configured to facilitate a laminar flow of 

the liquid coolant flow therethrough, such that the liquid coolant flow entering the liquid inlet



means does not substantially intermingle with the liquid coolant flow exiting from the liquid 

outlet means.  

3. The nozzle of claim 1, wherein the liquid inlet means comprises an axial alignment flange 

configured to axially align the nozzle with another component of the plasma arc torch.  

4. The nozzle of claim 1, wherein the cooling means is generally located in a center portion of 

the body.  

5. The nozzle of claim 1, further comprising a third sealing member located between the second 

sealing member and the proximal end of the body.  

6. The nozzle of claim 5, further comprising a vent hole located between the third sealing 

member and the second sealing member, the vent hole configured to connect an interior surface 

of the body to the exterior surface of the body.  

7. The nozzle of claim 5, further comprising a supply hole located between the third sealing 

member and the proximal end of the body, the supply hole configured to connect an exterior 

surface of the body to the interior surface of the body.  

8. The nozzle of claim 1, further comprising a vent hole between the first sealing member and 

the distal end of the body, the vent hole configured to connect an interior surface of the body to a 

shield gas supply channel.  

9. The nozzle of claim 1, further comprising a retaining cap coupled to the exterior surface of 

the body to define a chamber in cooperation with the cooling means.  

10. The nozzle of claim 9, wherein the chamber has a volume of about 0.03 cubic inches.  

11. A nozzle for a liquid cool plasma torch, the nozzle comprising: 

a body having a distal end, a proximal end, and a longitudinal axis extending therethrough; 

a plasma arc exit orifice disposed at the distal end of the body;



a cooling means centrally located on an exterior surface of the body between the distal end 

and the proximal end, the cooling means having (i) an inlet means circumferentially 

disposed about the body for receiving a liquid coolant toward the nozzle and (ii) an outlet 

means circumferentially disposed about the body between the inlet means and the plasma 

arc exit orifice for redirecting the liquid coolant radially outward in a laminar flow 

pattern away from the nozzle in a direction parallel to the longitudinal axis of the body, 

the inlet and the outlet means are distinct and axially spaced from one another along the 

longitudinal axis; 

a first sealing means located between the outlet means and the distal end of the body; and 

a second sealing means located between the inlet means and the proximal end of the body.  

12. The nozzle of claim 11, further comprising at least one venting means disposed in the body.  

13. The nozzle of claim 11, wherein the cooling meanings is configured to prevent liquid 

coolant in the inlet means from intermingling with the liquid coolant in the outlet means.  

14. A method for liquid cooling a plasma-cutting nozzle in a plasma arc torch, the nozzle having 

a body with a distal end, a proximal end, and a longitudinal axis extending therethrough, a 

cooling means being located circumferentially about an exterior surface of the body in a central 

portion of the body between the distal end and the proximal end, the method comprising: 

directing a liquid coolant flow along an inlet means of the cooling means toward the nozzle 

at an angle generally perpendicular to the longitudinal axis of the nozzle, the inlet means 

circumferentially disposed about the body of the nozzle such that the liquid coolant flow 

through the inlet means is substantially even about the longitudinal axis of the nozzle 

body; 

conducting the liquid coolant flow along a heat exchange region of the cooling means 

substantially parallel to the longitudinal axis, the heat exchange region located between 

the inlet means and an outlet means of the cooling means, the heat exchange region 

circumferential disposed about the nozzle body; and 

directing the liquid coolant flow over the outlet means radially away from the nozzle at an 

angle generally perpendicular to the longitudinal axis of the nozzle body, the outlet 

means located between the inlet means and a plasma arc exit orifice and the outlet means 

and located at a different axial location along the longitudinal axis from the liquid inlet



scope, the outlet means circumferentially disposed about the nozzle body such that the 

liquid coolant flow through the outlet means is substantially even about the longitudinal 

axis of the nozzle body, 

wherein the liquid coolant flow through the inlet means does not substantially intermingle 

with the liquid coolant flow over the outlet means.  

15. The method of claim 14, further comprising sealing the nozzle at one or more of a first 

sealing location between the outlet means and the distal end of the body, a second sealing 

location between the proximal end of the body and the inlet means, and a third sealing location 

between the second sealing member and the proximal end of the body.  

16. The method of claim 15, further comprising venting at least a portion of a gas flow through 

at least one of a first vent hole located between the third sealing location and the second sealing 

location and a second vent hole between the first sealing location and the distal end of the body.  

17. The method of claim 15, further comprising supplying a gas flow into an interior region of 

the nozzle through a supply hole located between the third sealing location and the proximal end 

of the body.  

18. The method of claim 14, further comprising coupling a retaining cap to the exterior surface 

of the body to create a chamber in cooperation with the cooling means.  

19. The method of claim 18, wherein the chamber has a volume of about 0.03 cubic inches.  

20. The method of claim 14, further comprising axially aligning the nozzle in relation to another 

component in the plasma arc torch using an axial alignment flange at the inlet means.  

21. The method of claim 14, further comprising operating the plasma arc torch at about 170 

amps or less.
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