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SPECIFICATION
Fuel-fired heating element

The presentinvention relates to a fuel-fired heating
element of the tubular kind particularly though not
exclusively for use as animmersed heating tube in
molten metals, salts or fluidised beds of solid particles
for conductive heating or for use in an enclosed or
partially enclosed chamberto provide radiant and
convective heating.

According tothe present invention, there is pro-
vided afuel-firedt heating elementincluding atubular
housing having one end closed and an opening to
provide an outlet for combustion products, a burner
assembly received with clearance within the housing
between the outlet and the closed end and arranged to
direct its combustion products towards the closed end
ofthe housing, and a dict received with clearance
within the housing and spaced from the closed end of
the housing to convey the combustion products
leaving the burner as a central stream towards the
closed end of the housing and as a contiguous outer
stream within the clearance between the ductand the
housing in the opposite direction towards the burner
assembly, the duct being adapted to permit partof the
central stream to discharge into and directly against
the flow of the outer stream before the central stream
reaches the closed end of the housing.

An embodiment of the invention will now be
particularly described with reference to the accom-
panying drawing which is a diagrammatic longitudin-
al sectional view of aform ofthe heating element.

Referring to the drawing, the heating element
comprises a tubular housing 1 having aclosure atone
end 2, aninlet 3 for air and an outlet 4 for waste
combustion products adjacentto its otherend &5
together with a burner assembly 6 received with
clearance within the housing 1.

The housing 1 comprises an external ceramicor
metallic elongate duct ortube 7 which is closed at its
end2.

Extending into thetube 7 throughits otherendbis
the burnerassembly 6.

The assembly 6 comprises a fuel supply duct 8 for
supplying fuel, in this case gas, to a fuel supply nozzle
9 mounted atthe forward end of the duct8and a
tunnel 10 into the rear end of which the nozzle 9 and
the duct 8 extend with clearance.

The tunnel 10 comprises a central portion 11 which
provides a combustion chamber for a mixture of fuel
and air and an outer duct 12 forming a sleeve for the
central portion 11 and joined to the central portion 11
by means of an-annular frontwall 13, the duct 12
terminating atits other end in a flange 14. Extending
into the annular clearance formed between the central
portion 11 ofthe tunnel 10 and its outer sleeve 12is a
further duct 15 which terminates at one end short of
the frontwall 13 and atits otherendinaflange 16
located beyond the flange 14 of the sleeve 12. Secured
between the flange 16 and a further flange 17
cireumventing the external wall ofthetube 7 and
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secured by welding thereto is a short sleeve 18 with
flanges 19 and 20 respectively forengaging the
flanges 16 and 17. The internal wall of the short sleeve
18is welded to the flange 14 at some pointintermedi-
ate its length. On the side of the flange 14 further from
the burner nozzle 9 the sleeve 18 is provided with an
opening 20 leading to a stub pipe 21 which s welded
tothesleeve 18.

Secured to the flanged end 16 of the further duct 15
is an apertured disc 22 for forming a closure to the end
16. Extending through various apertures in the disc 22
and through the further duct 15 are respectively the
fuel supply duct 8, a conventional pilotfuel tube 23, a
conventional ignition electrode 24 for the pilottube 23
and a conventional electrically operated flame detec-
tion probe 25. Extending outwardly from another
aperture 26 in the disc 22 is a conventional flame
sighting tube 27 secu red to the disc and provided with
asuitably coloured sighting glass 28.

The pilottube 23 and the electrode 24 whose tip 29 is
visible in Figure 1 are mounted at their forward ends
onthenozzle 9in arecesstherein.

The probe 25 extends through an aperture (not
shown) in the body of the nozzle 9 and its tip 30
terminates within the central portion 11 of the tunnel
10. The terminals 31 and 32 respectively of the
electrode 24 and the probe 25 are shown mounted
externally of the duct 15.

The stub pipe 21 forms an inlet for supplying airto
the annular chamber 33 formed between the flanges
14 and 16, the duct 15 and the sleeve 18 respectively
while the duct 15 forms with the disc 22 a further
annularchamber 34 around the fuel supply duct 8 for
supplying the air to the central portion 11 of the tunnel
10.

The chambers 33 and 34 are connected by means of
an annular passageway 35 which is formed between
the outer duct 12 and the further duct 15 and another
annular passageway 36 which interconnects with the
passageway 35 and is formed between the further
duct 12 and the external wall of the central portion 11
ofthe tunnel 10. .

Thefuel supply duct 8is provided at its forward end
with several circumferentially spaced apertures 37
which correspond with the same number of circum-
ferentially spaced and radially directed ports 38
extending through the body of the fuel supply nozzle 9
to communicate with the annular clearance between
the nozzle 9 and the central section 11 of the tunnel 10.

The central section 11 ofthe tunnel 10 comprises a
rearward cylindrical portion 39 into which the nozzle 9
and duct 8 extend with clearance and a forward
conically tapering portion 40 which is adapted to
accelerate the combustion products of fuel and air
issuing through the tunnel outlet 41 from the cylindric-
al portion 39. The portion 40 can of course be,
cylindrical ratherthan tapering if necessary.

A more comprehensive description of the burner
assembly is given in our co-pending UK Patent
Application No. 822784/,

Onthe side of the flange 14 near to the burner nozzle
9, the sleeve 18 is provided with anintegral pipe 42

This print takes account of replacement documents later filed to enable the application to comply with the formal
requirements of the Patents Rules 1982. i
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extending radially therefrom, the pipe 42 having a
circumferential flange 43 to which is secured a silencer
44, The pipe 42 forms an outlet for waste combustion
products while the silencer 44 provides means for

5 reducing the noise of the exhaust.

The silencer 44 comprises a central apertured pipe
45to one end of which is secured circumferentially an
annularflange 46. The pipe 42 is circumvented by a
tubular housing 47 which has atubular wall 48
secured at one end by welding to the flange 46 and
having at its other end an annular disc 49 received on
and welded to the pipe 45. The housing 47 contains a
heatinsulating and sound absorbing material 50.

The output 42 communicates with an annular
passageway 51 formed between the tube 7 and the
outer duct 12 forthe passage of exhaust combustion
products from the far end of the housing to and out of

the housing by way of the outlet 42.

Three axially aligned stub pipes ortubes 60, 61 and
62 are located within the housing and are spaced with
clearance from the outer tube to form respectively
annular passageways 63, 64 and 65 which are
contiguous.

Each stub pipeis provided with a set of fins 66, 67
and 68 respectively which are welded to the pipes to
space the pipes from the tube 7 to form the passage-
ways. While not shown, each set of fins comprises
three circumferentially equi-spaced fins.

Stub pipe 60is spaced from the burner outlet 41 by
means of one or more further circumferentially
equi-spaced fins 69 which are welded to the end of the
pipe 60. The internal diameter of stub pipe 60 is
considerably greater than the diameter of the tunnel
outlet 41 so that the combustion products leaving the
tunnel outlet 41 can all enterthe stub pipe 60 asa
central stream.

Theinternal diameter of the stub pipe 60 is greater
than the external diameter of the stub pipe 61 so that
an annular opening 70 is formed between the pipes 60
and 61 to permit a proportion of the central stream of
combustion products travelling along pipe 60 to enter
the annular passageways 64 while the remainder
enter the nextstub pipe 62.

Similarly the internal diameter of the stub pipe 61is
greater than the external diameter of the stub pipe 62
so that an annular opening 71 is formed between the
pipes 61 and 62 to permit a proportion of the central
stream of combustion products travelling along the
pipe 61to enterthe annular pasageway 65 while the
remainder enter the next stub pipe 63.

The stub pipe 62 is spaced from the closure disc 53
by means ofthree or more circumferentially equi-
spaced fins 72 which are welded to the end of the pipe
62.

In use of the element shown, the airfor usein
combustion enters the chamber 33 by way of the air
inlet pipe 21. The airisthen forced to flow along the
annular passageway 35 towards the frontwall 13 of
the tunnel 10. Simultaneously, hotcombustion gasis
flowing in the opposite direction towards the outlet4
along the annular passageway 51 so thatthere takes
place across the wall of the duct 12 intermediate the
passages 35 and 51 atransfer of heat from the stream
of combustign products to the air. The now hotter air

65 afterreaching thefrontwall 13 ofthetunnel 10
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reverses its direction to flow along the annular
passageway 36 towards the chamber 34. Simul-
taneously, the stream of combustion products pro-
duced by the combustion of fuel and airis leaving the
tunnel 10in a direction opposite to that in which the air
flows in passageway 36. Transfer of heat therefore
takes place across the tunnel wall and between the air
flowing in passageway 36 which becomes still hotter
and the exhaust gas in the combustion chamberinthe
tunnel 10 which is thereby cooled by the air.

The now preheated air then leaves the passageway
36 and enters the chamber 34 whereitis forced to flow
towards the fuel nozzle 9 and into the tunnel 10 by way
ofthe clearance between the nozzle 9 and the rear .
portion 39 of the central tunnel section 11. v

Simultaneously fuel in the form of fuel gas is
conveyed along the fuel supply duct 8towards the
nozzle 9 and thence by way of the radial portsinto the
annular clearance between the nozzle 9 and the tunnel
section 11 as several streams. The streams of fuel gas z
meet and mix with the airin the clearance and the fuel ’
gas and air enter the tunnel 10 as a mixture.

The mixture is ignited by gas issuing from the pilot =
tube 23, the gas itself previously ignited by the
electrode 24. After ignition the gas mixture burns
within the rear cylindrical portion 39 of the tunnel 10.

The probe 25 can be used to detect whether ignition
has occurred in the manner fully described in our
co-pending UK Patent Application No. 8227847. Alter-
natively or in addition the flame can be viewed
through the sight-glass which is lined up with an
aperture (not shown) extending through the body of
the nozzle 9.

The combustion products leaving the tunnel burner
10 are accelerated in the conical portion 40 thereof
before entering the stub pipe 60 as the central stream.

The central stream is conveyed along the stub pipe
60 and a part of the stream escapes from the pipe 60
into the annutar passageway 64 by way of the annular
opening 70. 3

The remainder of the central stream of combustion -
products enters the next stub pipe 61 and is conveyed
therealong. A part of this stream also escapesinto the
annular passageway 65 by way of the annular opening
71.

The remainder of the original central stream of
combustion products is conveyed along the stub pipe
62 towards the closure disc 53 and after impinging
upon thisis forced to travel in the opposite direction as
an outer stream along the passageway 65 and
subsequently along the passageways 64 and 63.

Upon entering the passageway 64, the return
stream entrains that part of the central stream
escaping through the annular opening 71 directly
againstthe flow of the outer stream and these
entrained products and the stream are further con-
veyed along the passageway 64.

Upon entering the passageway 63, the stream then
entrains that part of the central stream escaping
through the annular opening 70 directly againstthe
flow of the outer stream and these entrained praducts
and the outer stream are then further conveyed along
the passageway 63.

Upon reaching the burner end of the passageway 63

LPY
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aproportion of the now fully augmented stream of
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combustion products is entrained by the high velocity
stream of combustion products leaving the tunnel
outlet41to re-enter the stub pipe 60. These additional
gases mix with the initial gas stream issuing from the
tunnel to form a larger mass flow rate of cooler gases.
This improves the rate of heat transfer across the stub
pipes 60, 61 and 62 from the combustion products in
the passageways 63, 64 and 65 to those conveyed
along the pipes 60, 61 and 62.

The rate of heat transfer across the stub pipes 61 and
62 is additionally improved by the mixing of gases
which takes place between those gases entering the
annular passageway 64 and 63 by way respectively of
the openings 71 and 70 and the initial stream of gases
travelling along the passageways 65 and 64. An
additional enhancementto the mass flow rate of the
cooler gases is thereby produced.

The remainder of the combustion gasesthen, leave
the passageway 64 to enter the passageway 51
between the tube 7 and the outer duct 12 and travel
towards and through the outlet 44.

CLAIMS

1. Afuel-fired heating elementincludes a tubular
housing having one end closed and an opening to
provide an outlet for combustion products, a burner
assembly received with clearance within the housing
between the outlet and the closed end and arranged to
direct its combustion products towards the closed end
of the housing, and a duct received with clearance
within the housing and spaced from the closed end of
the housing to convey the combustion products
leaving the burner as a central stream towards the
closed end of the housing and as a contiguous outer
stream within the clearance between the ductand the
housing inthe opposite direction towards the burner
assembly, the duct being adapted to permit part of the
central stream to discharge into and directly against
the flow of the outer stream before the central stream
reaches the closed end of the housing.

2. Anelementasclaimedin Claim 1in which the
duct comprises a plurality of axially aligned tubes,
each tube being spaced from its adjoining tube, and
the tubes being so dimensioned that in a direction
downstream of the burner assembly the upstream
duct has aninternal diameter greater than the external
diameter of the adjoining downstream duct to permit
apartofthe central stream to discharge into and
directly against the flow of the outer stream through
the space between the tubes.

3. AnelementasclaimedinClaim 1and Claim 2in
which the tube immediately adjacentto the burner
assembly is spaced therefrom to permit part of the
outer stream to re-enter the central stream between
the space between the burner assembly and the tube
hefore the outer stream leaves the outlet.

4. Anelementasclaimedinany ofthe preceding
claims in which the housing has an opening to provide
aninletfor air for supply to the burner assembly and

means, including a duct received with clearance
within the housing, for conveying the air from the inlet
to the burner assembly, the clearance providing a
passageway leading from the burnerto the outlet for
conveying exhaust combustion products to the outlet
so that a transfer of heat can take place through the
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reachesthe burner assembly and the outgoing
combustion products before they reach the outlet.

5. Anelementasclaimedin Claim4inwhich the
burner assembly includes a combustion chamberinto
which fuel and the air are supplied for combustion and
the meansforconveying airto the assembly is
arranged to form a passageway around the wail ofthe
combustion chamber for the conveyance of airto the
combustion chamber so that a transfer of heatcan
take place through the wall of the combustion
products before they leave the combustion chamber
and the air before it enters the combustion chamber.

6. Anelementasclaimedinany of the preceding
claims in which the outlet opening in the housing is
formed in afurther duct adapted to absorb noise of
emission of the combustion products from the
housing.

7. Anelementasclaimed inany of the preceding
claims in which the burner assembly comprises a
combustion chamber which has a conically tapering
portion leading to the outlet to accelerate the combus-
tion productsinto a high velocity jet.

8. Anelementasclaimedinany ofthe preceding
claims in which the tubular housing is constructed of
corrosion material resistant to molten metal.

9. Anelementsubstantially as hereinbefore de-
scribed with reference to the accompanying drawing.

10. Anelementadapted to operate substantially as
hereinbefore described with reference to the accom-
panying drawing.
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