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TITLE OF THE INVENTION

NEXT GENERATION BARE WIRE WATER HEATER

CROSS REFERENCE TO RELATED APPLICATIONS

This Application is based upon and claims the benefit of priority from the U.S.

Provisional Application No. 61/740,653 , filed on December 21, 2012, the entire contents of

which are incorporated herein by reference.

BACKGROUND

[0001] There are a variety of methods for heating fluid. One method involves the user of

an electrically charged bare wire to heat fluids passing over the bare wire. As fluid in this

method is passed directly over the bare wire itself, the water is heated at an extremely high

rate. However, bare wire elements are susceptible to damage when dry fired or operated

under low pressure. In other words, fluid must be continually present and flowing using

bare wires systems as the presence of air gaps or stagnant water for a period of time can

damage the bare wire and associated heating system due to overheating.

[0002] To detect overheating, many systems use mechanical thermostats to identify the

temperature inside of a heating chamber. However, this approach is limited by the time it

takes for heat to transfer through all materials within the heating system especially with the

presence of stagnant water or gas pockets. This lengthened reaction time significantly

increases the chances of damage to the heating unit and instability to the system as a

whole.

SUMMARY OF ILLUSTRATIVE EMBODIMENTS

[0003] A heating unit for heating fluid is described having at least one electrical resistance

heating element on an outer surface of a tube. At least one indexed groove is provided

around a surface of the tube allowing for at least one retention clip to hold the electrical

resistance heating element. A heating chamber is also provided to enclose a portion of the

tube and to provide a flow channel therebetween. The heating chamber includes an optical

sensor to detect overheating of the at least one electrical resistance heating element. Fluid

is heated by flowing over the surface of the at least one electrical resistance heating

element and through the tube.



[0004] The details of one or more implementations are set forth in the accompanying

drawing and description below. Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF FIGURES

[0005] FIG. 1A is a side view of a heating unit according to one example.

[0006] FIG. IB is a side view of the heating unit according to one example.

[0007] FIG. 1C is a side view of the heating unit according to one example.

[0008] FIG. 2A is a side view of the heating unit identifying a cross-section according to

one example.

[0009] FIG. 2B is a cross-sectional view of the heating unit of FIG. 3A according to one

example.

[0010] FIG. 3A is a top view of the heating unit according to one example.

[0011] FIG. 3B is a bottom view of the heating unit according to one example.

[0012] FIG. 4A is a perspective view of the heating unit according to one example.

[0013] FIG. 4B is a perspective view of the heating unit according to one example.

[0014] FIG. 5A is a side view of a heating chamber in relation to the heating unit

according to one example.

[0015] FIG. 5B is a cross sectional view of the heating chamber of FIG. 5A having an

optical assembly according to one example.

[0016] FIG. 6 is a three-dimensional view of the formation of the optical assembly on the

heating chamber according to one example.

[0017] Like reference symbols in various drawing indicate like elements.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

[0100] Selected embodiments are now described by referring now to the drawings, wherein

like reference numerals designate identical or corresponding parts throughout the several

views. It is noted that as used in the specification and the appending claims, the singular

forms "a," "an," and "the" can include plural references unless the context clearly dictates

otherwise.

[0101] FIGS. 1A-1C illustrate a heating unit 1 according to an exemplary embodiment. In

FIG. 1A, the heating unit 1 includes a tube 10 having a cylindrical shape with a flange 12 at

one end. The flange 2 provides a connection point to external components with respect to

an outlet 24 of the tube. The tube 10 is molded or machined to have at least one indexed



groove 18 around a circumference of the tube 10. The at least one indexed groove is a

recess provided in the tube 10 which runs continuously around the circumference of the tube

10. In selected embodiments, the tube 10 will have a plurality of any number of indexed

grooves 18 located at predetermined intervals along the body of the tube 10 with respect to a

length of the tube 10 as illustrated in FIGS. 1A-1C. The indexed grooves 18 may be

machined or molded at equal distances from each other based on the length of the tube 10 or

may be machined or molded at preset positions along the length of the tube 10. Additionally,

the tube 10 has an inlet 26 through which fluids may be transmitted through the tube 10.

[0102] The tube 10 is molded or machined to act as a supporting structure for at least one

electrical resistance heating element 14 which runs the length of the tube 10. In selected

embodiments and as illustrated in FIGS. 1A-1C, the heating unit 1 may comprise a plurality

of electrical resistance heating elements 14a-14d. Each electrical resistance heating element

14 is mechanically connected to the tube 10 via a termination connector 16 which extends

through the flange 12 and at least one retention clip 22 provided on one of the indexed

grooves 18. The termination connector 16 includes at least one hole so that a fastening

device 20, such as a screw, can be used to affix the electrical resistance heating element 14 to

the tube 10. In selected embodiments, the termination connector 16 may be a single

component or two separate components attached to either side of the flange 12. Electricity is

externally applied to the electrical resistance heating elements 14 from an external source,

such as an electrical circuit, via the termination connector 16. In selected embodiments and

as illustrated in FIGS. 1A-1C, the heating unit 1 will include a single retention clip 22 to

which one or more of the electrical resistance heating elements 14 are connected. However,

multiple retention clips 22 can be provided within one or more of the indexed grooves 18

thereby providing multiple connection points for one or more electrical resistance heating

elements 14. Further, retention clip 22 can be molded or machined as part of the tube 10 or

can be a separate component which is removable from the tube .

[0103] The retention clips 22 are formed to provide pivot points for the electrical resistance

heating elements 14 connected thereto. In other words, the retention clips 22 can be linearly

adjusted along the indexed grooves 18 at which the retention clip is located to linearly adjust

the location of the placement of the electrical resistance heating elements 14 on the surface of

the tube 10. For example, in FIG. 1A, the electrical resistance heating element 14b is

illustrated as connected to the retention clip 22 at a first position 28 along the bottom of the

tube 10. The first position 28 is determined based on the adjustment of the retention clip 22

within the indexed groove 18. In FIG. IB, however, it can be seen that the electrical



resistance heating element 14b is located at a second position 30 based on the linear

adjustment of the retention clip 22 within the indexed groove 18. Further, FIG. 1C illustrates

the opposite side of the tube 10 with respect to FIGS. 1A and IB and illustrates a first

position 32 of the electrical resistance heating element 14d at the bottom of the tube 10 based

on the linear adjustment of the retention clip 22.

[0104] The ability to linearly adjust the electrical resistance heating elements 14 within an

indexed groove 1 via the retention clip provides numerous advantageous. For example,

each system in which the heating unit 1 is applied can be tested to determine the best heat

transfer properties based on the particularities of the system such that the position of the

electrical resistance heating elements 14 can be adjusted to maximize heat transfer within that

system. Further, should the heat transfer characteristics change at some point, the locations

of the electrical resistance heating elements 14 of the heating unit 1 can easily be modified to

compensate for this change.

[0105] FIG. 2A illustrates a side view of the heating unit 1 according to an exemplary

embodiment. Like designations are repeated and therefore the heating unit 1 provides a tube

10 having an inlet 26 and an outlet 24. The heating unit 1 further includes a flange 12,

termination connection 16, indexed grooves 18, a retention clip 22 and electrical resistance

heating elements 14. FIG. 2B illustrates a cross sectional view of the heating unit 1 of FIG.

2A cut across the segment "B" illustrated in FIG. 2A.

[0106] As illustrated in FIG. 2B, the heating unit 1 has a termination connector 16, flange 12,

fastening device 20 and electrical resistance heating elements 14. FIG. 2B also clearly

illustrates the indexed grooves 18 running around a circumference of an outer surface of the

tube 10. As previously described herein, the indexed grooves 18 are recesses in an outer

surface of the tube 10. The depth of the recesses of the indexed grooves 18 can be any

amount of displacement from the outer surface 34 of the tube 10 to an inner surface 36 of the

tube 10. As illustrated in FIG. 2B, the indexed grooves 18 are machined or molded in a

straight circular continuous fashion around the circumference of the tube 10. However, in

other selected embodiments, the indexed grooves 18 may be machined or molded in different

shapes around the circumference of the tube 10 such that the retention clip 22 can be adjusted

in various directions with respect to the length of the tube 10. Further, in selected

embodiments, the tube 10 may be machined or molded to contain different combinations of

the above-described indexed grooves 18. FIG. 2B also illustrates a fluid flow path 37

through which fluids flow from the inlet 26 through the tube 10 to the outlet 24. The fluid

flowing into the tube 10 is fluid that has been heated by flowing over the electrical resistance



heating elements 14 and/or fluid that is heated by passing through the tube 0 which is heated

from the exterior by the electrical resistance heating elements 14.

[0107] FIG. 3A illustrates a top view of the heating unit 1 according to an exemplary

embodiment. As illustrated in FIG. 3A, there is a top view of the flange 2 having the

plurality of termination connections 16 for mechanically and electrically attaching each

respective electrical resistance heating element 14. FIG. 3A further illustrates an exemplary

fluid flow direction coming out of the tube 10 via outlet 24. FIG. 3B illustrates a bottom

view of the heating element according to an exemplary embodiment. As illustrated in FIG.

3B, there is a bottom view of the flange 12 and the tube 10. A plurality of electrical

resistance heating elements 14 are attached to the retention clip 22 which is placed over

and/or within an indexed groove 18 (not visible due to angle) of the tube 10. In selected

embodiments, the electrical resistance heating elements 1 are attached to the retention clip

22 via at least one hook 39 of the retention clip 22. The hook 39 may in selected

embodiments be covered with a shielding element in order to prevent damage from heat

emanating from connected electrical resistance heating elements 14. As the retention clip 22

is removable in selected embodiments, the retention clip 22 is not required to fully extend

around the circumference of the tube 10. However, in selected embodiments the retention

clip 22 may fully extend around the tube 10. FIG. 3B also illustrates an exemplary fluid flow

direction going into the tube via inlet 26.

[0108] FIG. 4A illustrates a perspective view of the heating unit 1 according to an exemplary

embodiment. In FIG. 4A, it can be seen that the electrical resistance heating elements 14 are

positioned along a length of the surface of the tube 10 up until a connection with the retention

clip 22. Therefore, as illustrated in FIG. 2B, the electrical resistance heating elements 14 are

positioned on the surface of the tube 10. However, alternatively or in addition to, electrical

resistance heating elements 4 may be suspended away from the surface of the tube by using

the retention clip 22 as a support structure as illustrated in FIG. 4B. In this instance, the

electrical resistance heating element 14 is attached to the retention clip 22 via the hook 39

raised from a surface of the retention clip 22. Accordingly, as illustrated in FIG. 4B, by using

the retention clip 22 as a support structure, there is a gap 40 between a surface of the tube 10

and a surface of the electrical resistance heating element 14. Further, in selected

embodiments, each electrical resistance heating element 14 can be raised off a surface of the

tube 10 by using the retention clip 22 as support structure in a similar fashion. Further,

additional retention clips 22 may be provided at various indexed grooves 18 thereby

providing for gaps between the surface of the tube 10 and a surface of the electrical resistance



heating elements 14 at various locations along the length of the tube 10. For example, in

selected embodiments, a first retention clip (not shown) could be provided at a first indexed

groove 18a and the retention slip 22 could be placed at a second indexed groove 18b (as

illustrated) thereby raising an entirety of the electrical resistance heating element 14 off the

surface of the tube 10 and providing a large gap for enhanced fluid flow therebetween.

[0109] The use of retention clips 22 as a support structures to provide a gap between a

surface of the tube 10 and the surface of the electrical resistance heating elements 14 provides

various advantages. For instance, by using the retention clips in this fashion, there will be an

increased fluid flow over the electrical resistance heating elements 14 thereby providing an

enhanced cooling effect that lowers the risk of burnout or damage to the electrical resistance

heating elements 14. Further, connecting the electrical resistance heating elements 14 to the

retention clip 22 in this fashion provides for a predetermined amount of tension of the

electrical resistance heating elements 14 thereby preventing sag or looseness of the electrical

resistance heating elements 14. Alternatively, or in addition, the indexed grooves 18

themselves could be molded or machined such that they are raised above the surface of the

tube 10 thereby providing a support structure on which to raise the electrical resistance

heating elements 14 above a surface of the tube 10. Retention clips 22 could then be used on

the raised indexed grooves 18 to adjust the position of the electrical resistance heating

elements 14 as previously described herein.

[0110] FIG. 5A illustrates a heating system 50 comprising a heating chamber 5 1 that

partially encloses the heating unit 1 according to an exemplary embodiment. As illustrated

in FIG. 5A, the heating chamber 51 includes a first connecting portion 52 for connecting to

external components. The heating chamber 51 also includes a second connecting portion 53

for connecting to other parts external to the heating system 50. The heating chamber 51

further includes at least one connection port 59 having an opening 60 through which at least

one electric resistive heating elements 14 is visible. In other words, the heating chamber 5 1

is molded or machined such that it includes at least one opening 60 to the components of the

heating unit 1 when the heating unit is enclosed by the heating chamber 51. FIG. 5A further

illustrates an optical assembly 55 affixed to the opening 60 of the connection port 59. It is

noted that in selected embodiments, the heating chamber 5 1 may include a plurality of

connection ports 59 having corresponding openings 60 as well as one or more corresponding

optical assemblies 55.

[0111] FIG. 5B illustrates a cross sectional view of the heating system 50 along a cross

section cut identified by the letter "C" in FIG. 5A. In FIG. 5B, the connection port 59



provides an opening 60 within the surface of the heating chamber 51 such that the electrical

resistance heating element 14 located at or near that position is visible via the opening 60.

The optical assembly 55 comprises at least a backplane 54 having at least one optical sensor

56 attached thereto, a light blocking element 57 and a translucent filter 58. As illustrated in

FIG. 5B, the translucent filter 58 is provided over the opening 60 of the connection port 59.

The light blocking element 57 is provided over the translucent filter 58 and the backplane 54

is provided over the light blocking element 57 with the at least one optical sensor 56 of the

backplane being placed on a side facing the light blocking element 57, translucent filter 58

and opening 60.

[0112] FIG. 6 illustrates a method of assembly of the system 50 and optical assembly 55

over a connection port 59 of the heating chamber 51. As illustrated in FIG. 6, the heating

unit 1 having electrical resistance heating elements 14 is partially enclosed within the heating

chamber 51 such that there is provided a flow channel 38 over the electrical resistance

heating elements 14 between the tube 10 and heating chamber 51. In selected embodiments,

liquid flow is externally directed into the flow channel 38 such that the liquid flows towards

the inlet 26. The liquid is then externally directed into the inlet 26 through the tube 0 and

out the outlet 24. Accordingly, liquids are efficiently heated by being energized both while

flowing over the electrical resistance heating elements 14 and while flowing through the tube

10. In selected embodiments, the heating chamber 5 1 may fully enclose the heating unit 1

except for at the inlet 26 end such that fluid may come into the heating chamber 5 1 via the

area surrounding the inlet 26 such that flow is directed around the electrical resistance heating

elements 14 and into the inlet 26.

[0113] A plurality of connection ports are also illustrated in FIG. 6. Connection port 59

having an opening 60 is raised above an outer surface of the heating chamber 51. However,

in selected embodiments, the connection port 59 may be flush with the outer surface of the

heating chamber 1. The translucent filter 58 is placed over all or a portion of the connection

port 59 and fully covers the opening 60. The translucent filter 58 is illustrated in FIG. 6

having a concave shape but can take any shape as would be recognized by one of ordinary

skill in the art. The light blocking element 57 is then positioned over the translucent filter 58

as well as the connection port 59. The back plane 54 is then positioned over the light

blocking element 57. As the optical sensor 56 is on a side of the backplane 54 facing the

opening 60, the optical sensor 56 is on the lower side of the backplane 54 and is not visible in

FIG. 6. At least one fastener location 64 is also provided within the connection port 59 such



that corresponding fastening locations 66 of the light blocking element 57 and backplane 54

can be firmly affixed to the heating chamber 51.

[0114] The optical assembly 55 provides the heating system 50 with the ability to efficiently

detect overheating of the electrical resistance heating elements 14. Under normal conditions,

the electrical resistance heating elements 14 will not emit any visible light and will only emit

heat energy. However, if at least one of the electrical resistance heating elements 14 is dry

fired without the presence of a fluid or has been energizing stagnant fluids for extended

periods, the electrical resistance heating element 14 will begin to emit light energy in the

visible spectrum. For example, the electrical resistance heating element 14 may begin in this

instance to emit a visible red, orange or yellowish glow. The optical sensor 56 is an optical

sensor as would be recognized by one of ordinary skill in the art and is calibrated, selected

and/or filtered such that the optical sensor 56 will detect light emitted from one or more

overheating electrical resistance heating element 14. To reduce the amount of non-visible

infrared emission from one or more of the electrical resistance heating elements 14 which

could cause false readings by the optical sensor 56, at least one translucent filter 58 is

provided as described herein which filters the infrared emission before it is detected by the

optical sensor 56.

[0115] To prevent further false readings by the optical sensor 56, the light blocking element

57 is provided over a portion of the translucent filter 58 to prevent ambient light from

entering the opening 60 of the heating chamber 51 between the heating chamber 51 and the

translucent filter 57 and/or the translucent filter 57 and the backplane 54. Further, in selected

embodiments, the heating chamber 51 may be molded or machined from an opaque material

to further reduce the amount of ambient light that may enter an inner surface of the heating

chamber 51. Additionally, in selected embodiments, the backplane 54 may consist of Printed

Circuit Board (PCB) made of an opaque material to prevent ambient light from entering a

backside of the PCB and affecting readings made by the optical sensor 56. Power is provided

to the optical sensor 56 via the backplane 54 which is powered from an external source as

would be understood by one of ordinary skill in the art.

[0116] The heating system 50 described above having a heating chamber 5 1 comprising an

optical assembly 5 which can detect overheating of electrical resistance heating elements 14

of the enclosed heating unit 1 provides numerous advantages. At any point at which the

optical sensor 56 detects visible light being emitted from at least one of the electrical

resistance heating elements 14, a signal may be generated by the optical sensor 56 and

processed by the PCB to transmit a signal to cut power to a specific overheating electrical



resistance heading element 14 or to all the electrical resistance heating elements. Signals

output from the optical sensor 56 may also be further filtered by software or hardware to

ignore ambient light from external sources and limit detection and warning to light emitted by

the electrical resistance heating elements 4 in a particular visible spectrum. Further,

detecting overheating via the optical sensor 56 through the detection of light provides

extremely high speed of light reaction times for shutting down one or more electrical

resistance heating elements 14. Therefore, the heating system 50 can easily prevent damage

to the electrical resistance heating elements 14 or other parts thereby increasing the longevity

of the system as a whole and reducing cost for replacement parts.

[0117] It should be noted that while the description above with respect to FIGS. 1-6

describes various features of the heating unit 1 and heating system 50, numerous

modifications and variations are possible in light of the above teachings. For example, each

electrical resistance heating element 14 can be provided a different length and connected to

the tube via a retention clip 22 at an indexed groove 18 different from that of other electrical

resistance heating elements 14. Alternatively, each electrical resistance heating element 14

can be of a shorter length than that illustrated in FIGS. 1A-1C and attached to the same

retention clip 22 at an indexed groove 18 closer to the flange 12. This allows the use of the

same tube 10 to provide various configurations based on individual client needs, to provide

optimized configurations for heat transfer based on particularities of various systems and to

provide a "one size fits all" to lower production costs. Further, systems requiring less heat

may employ fewer electrical resistance heating elements 14 whereas systems requiring more

heat may employ additional electrical resistance heating elements.

[0118] Additional configurations are possible via design options for the heating chamber 5 1

such that the heating chamber 51 may be machined or molded with one or more connection

ports 59 and openings 60. Accordingly, the heating chamber 5 1 may have connection ports

59 on various sides of the heating chamber 51 such that a plurality of electrical resistance

heating elements 14 are visible through openings 60. Accordingly, a plurality of optical

assemblies 55 may be affixed to the connection ports 59 to provide enhanced thermal

detection and safety activation procedures to reduce the chances of damage to the electrical

resistance heating elements 14. To provide the heating system 50 at a lower cost, fewer

optical assemblies 55 may be used to detect light emitted from one or more electrical

resistance heating elements 14. In this configuration, the optical sensor 56 may be configured

to detect lower level amounts of visible light such that light emitted by overheating electrical

resistance heating elements 14 on the opposite side of the connection port 59 of which the



optical assembly 55 is attached may be detected. Further, in selected embodiments reflective

optics may be placed on the outer surface of the tube 10 and/or an inner surface of the heating

chamber 5 1 such that light emitted by overheating electrical resistance heating elements 14 is

transmitted through the interior of the heating system 51 and/or magnified for enhanced

detection by the optical sensor 56. In this configuration, cost may be saved as fewer optical

assemblies may be required.

[0119] The components described above can be manufactured, in selected embodiments, via

injection molding or machining as would be understood by one of ordinary skill in the art.

Therefore, the tube 10 and heating chamber 1 may be molded into any shape or made from

any material, such as thermoplastic or thermosetting polymers, as would be understood by

one of ordinary skill in the art. Accordingly, common polymers such as epoxy, phenolic,

nylon, polyethylene or polystyrene may be utilized. This material is fed into a heated barrel,

mixed and forced into a mold cavity (formed of a material such as steel or aluminum and

machined to a form that features the desired part) where it cools and hardens to the

configuration of the cavity. Exemplary molding machines that may be utilized for such a

process include a Ferromatik milcaron injection molding machine or those built by Arburg.

[0120] The components described above, such as the heating unit 1 and heating chamber 51,

may be also be precision machined manually or automatically by computer numerical control

(CNC) as would be understood by one of ordinary skill in the art. Accordingly, the

components can be formed of metal, such as steel or aluminum, and formed via a

combination of turning, drilling, milling, shaping, planning, boring, broaching and sawing.

[0121] The electrical resistance heating elements 14 can be made from any type of alloy as

would be understood by one of ordinary skill in the art. For example, the electrical resistance

heating elements 14 may consist of a high temperature resistance alloy such as nickel-chrome

alloy or iron chrome aluminum alloy. These may be formed as coils as illustrated in FIGS. 1-

6 or may be looped or sinuously wound around the tube 10. The electrical resistance heating

elements 1 may be one continuous element, separate elements and sheathed or sheathless.

[0122] The optical sensor 56 in selected embodiments may be any electro-optical sensor as

would be recognized by one of ordinary skill in the art. The optical sensor measures the

physical quantity of light rays and converts this information into electronic signals which are

process by the PCB. The translucent filter 57 may be any filter that can block infrared

wavelengths but pass visible light as would be understood by one of ordinary skill in the art.

For instance, the translucent filter may be an infrared cut-off filter or heat-absorbing filter

which reflects or blocks infrared wavelengths while passing visible light.



[0123] Obviously, numerous modifications and variations of the present advancements are

possible in light of the above teachings. It is therefore to be understood that within the scope

of the appended claims, the present advancements may be practiced otherwise than as

specifically described herein.



CLAIMS:

1. A heating unit comprising:

a tube having a flange and at least one indexed groove located along a length of the

cylindrical tube and forming a continuous recession across a circumference of the cylindrical

tube, wherein the at least one indexed groove contains a retention clip; and

at least one electrical resistance heating element positioned outside the indexed

grooves and having a first end connected to the tube via the flange and a second end

connected to the tube via the retention clip.

2 . The heating unit according to Claim 1, wherein the retention clip is removable

from the tube.

3. The heating unit according to Claim 1, wherein the flange includes a plurality of

termination structures which each mechanically and electrically connect corresponding first

ends of the at least one electrical resistance heating element to the tube.

4 . The heating unit according to Claim 1, wherein the tube is hollow thereby

providing a flow path therebetween.

5. The heating unit according to Claim 1, wherein the retention clip is adjustably

rotatable around the circumference of the tube within the indexed grooves to provide

different locations on the circumference of the tube at which to connect the at least one

resistance heating element.

6. The heating unit according to Claim 1, wherein

the heating unit includes a plurality of indexed grooves at predetermined intervals

along a length of the tube, and

the at least one electrical resistance heating element extends along a length of the

cylindrical tube for a distance determined by which indexed groove contains the retention

clip for attaching the at least one electrical resistance heating element to the tube.



7 . The heating unit according to Claim 1, wherein the at least one electrical resistance

heating element is attached to a surface of the retention clip thereby raising at least a portion

of the at least one electrical resistance heating element above a surface of the tube.

8. A method of manufacturing a heating element, comprising:

providing a tube having a flange and at least one indexed groove along a length of the

tube;

forming the indexed groove as a continuous recession across a circumference of the

tube;

providing a retention clip on the at least one indexed groove; and

positioning at least one electrical resistance heating element outside the at least one

indexed groove by connecting a first end of the at least one electrical resistance heating

element to the tube via the flange and a second end to the retention clip.

9 . A heating system comprising:

a tube having a flange and at least one indexed groove located along a length of the

cylindrical tube and forming a continuous recession across a circumference of the cylindrical

tube, wherein the at least one indexed groove contains a retention clip;

at least one electrical resistance heating element positioned outside the indexed

grooves and having a first end connected to the tube via the flange and a second end

connected to the tube via the retention clip; and

a heating chamber that partially encloses the tube thereby creating a flow path

therebetween.

10. The heating unit according to Claim 9, wherein the retention clip is removable

from the tube.

11. The heating unit according to Claim 9, wherein the flange includes a plurality of

termination structures which each mechanically and electrically connect corresponding first

ends of the at least one electrical resistance heating element to the tube.

12. The heating unit according to Claim 9, wherein the retention clip is adjustably

rotatable around the circumference of the tube within the indexed grooves to provide



different locations on the circumference of the tube at which to connect the at least one

resistance heating element.

13. The heating unit according to Claim 9, wherein the at least one electrical

resistance heating element is attached to a surface of the retention clip thereby raising at least

a portion of the at least one electrical resistance heating element above a surface of the tube.

14. The heating system according to Claim 9, wherein the heating chamber is made

from an opaque material.

15. The heating system according to Claim 9, wherein the heating chamber includes

an optical assembly having at least one optical sensor to detect light emitted from the at least

one electrical resistance heating element.

16. The heating system according to Claim 15, wherein the heating chamber further

includes an opening and the optical sensor detects light emitted from the at least one

electrical resistance heating element via the opening.

17. The heating system according to Claim 16, wherein the optical assembly further

includes a translucent filter connected to and covering the opening of the heating chamber

such that the optical sensor detects light emitted through the translucent filter.

18. The heating system according to Claim 17, wherein the optical assembly further

includes an opaque material attached to a portion of the translucent filter to block light from

entering between the heating chamber and the translucent filter.

19. The heating system according to Claim 18, wherein the optical sensor is

connected to the opaque material and located above the opening in the heating chamber.

20. The heating system according to Claim 8, wherein the optical sensor is affixed to

a backplane made of an opaque material.















INTERNATIONAL SEARCH REPORT International application No.

PCT/US 13/32298

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8 ) - H05B 3/00, 3/06; G01J 5/24, 5/48 (2013.01)
USPC - 219/59.1, 624, 629, 454.12; 392/441, 465, 478,480

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) Classification(s): H05B 3/00, 3/06, 3/40, 3/64, 3/68, 6/12; G01J 1/38, 5/24, 5/48 (2013.01)
USPC Classification(s): 219/200, 50, 59.1,624, 629, 454.12, 538; 392/441, 465, 478, 480; 248/231.81; 356/43, 5 1

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US Granted, US Applications, EP-A, EP-B, WO, JP, DE-G, DE-A, DE-T, DE-U, GB-A, FR-A); Google.com;
Google.com/Scholar, IP.com; heat *4 ; tube*; tubu"; tubing; pipe*1; piping; resist ; element; heat *4 ; retain*3; hold*3; secure*3; attach*4;
mount*4; index; groove; groove *2; indent *6; keyway *2

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

X US 1,718,970 A (LONERGAN SJ) July 2 , 1929; figures 1, 2, 4; page 1, lines 85-100 1-14

Y 15-20

DE 197/26,288 A 1 (REGNIET, D et al.) June 20, 1997; abstract; figures 1, 2 ; column 3, lines 15-20
1-50

□ Further documents are listed in the continuation of Box C.

Special categories of cited documents: "T"

□
later document published after the international filing date or priority

document defining the general state of the art which is not considered date and no in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the a
document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date o f the actual completion of the international search Date of mailing of the international search report

23 May 2013 (23.05.2013) 2013
Name and mailing address o f the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

