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wherein reference is made to the accompanying draw 
ings, in which: 
FIGURE 1 is a perspective showing of a multiple 

pass type space heater which is fired by a combination 
fuel burner in accordance with the invention; 
FIGURE 2 is an enlarged cross-sectional side view 

of a combination fuel burner in accordance with the 
invention as installed in the space heater and as generally 
seen from lines 2-2 of FIGURE 1, only a fragmentary 
portion of the heater being illustrated; 
FIGURE 3 is a cross-sectional front end view of the 

fuel burner, as seen from line 3-3 of FIGURE 2, the 
view being to a somewhat further enlarged scale; 
FIGURE 4 is a still further enlarged fragmentary 

Sectional view taken at lines 4-4 of FIGURE 3 to illus 
trate certain details of the burner; and 
FIGURE 5 is a fragmentary perspective view approxi 

mately to the scale of FIGURE 4, showing the front end 
of the burner to illustrate other details thereof. 

Referring to the drawings, FIGURE 1 shows a multi 
ple-pass type space heater 10 in which a combination 
fuel burner 11 in accordance with the invention may be 
installed for the purpose of heating air, indicated by 
arrow A, which flows through the heater from the air 
inlets 12 to the air outlets 13 thereof. The air A is drawn 
through the heater by three air blowers 20. As generally 
indicated on the drawing, the air A in its course through 
the heater 10 passes over and impinges upon the exterior 
walls of the combustion chamber 14 and economizer tubes 
15 which are situated within the heat exchanger section 
16 of the heater 10. The fuel burner 11 feeds either gas 
or oil fuel, or both, which is ignited to a produce a flame, 
generally indicated by reference numeral 17, within the 
combustion chamber 14. An induced draft fan 18 draws 
the hot combustion gases through the heat exchanger sec 
tion 16 in the path indicated by the arrow B to discharge 
via a stack (not illustrated) which is situated above the 
fan 18 at the location 18a. That is, the hot combustion 
gases double back within the combustion chamber 4 to 
emerge from the upper region thereof into the tube header 
Space 19a at the front end of the heater 10, then flow 
through the lowermost series of the tubes 15 and into 
the header space 19b at the opposite or rearward end 
of the heater, thereafter flow through the upper series 
of the tubes 15 into an upper section of the front end 
header 19a, and thence through the fan 18 to discharge 
at the location 18a, all as indicated in FIGURE 1. These 
multiple passes of the combustion gases afford a high 
degree of heat exchange economy, as is well known. 
FIGURE 1 also generally illustrates a fuel pumping 

Valving, and gas and oil modulation arrangement 21. 
which is associated with the fuel burner 11 for feeding 
either natural gas or oil (either light or heavy), or a 
combination of both, to the burner from gas and oil 
Sources (not shown). This arrangement 21 is of a con 
ventional type known to those having skill in the art 
and need not be further described. 

Referring now to FIGURE 2, the combination fuel 
burner 11 in accordance with the invention has a front 
plate 22 for attaching the burner to the front wall 10a 
of the heater 10, as by bolts 23. The burner 11 includes 
a single, elongated and cylindrical-shaped blast tube 24 
which is attached, as by welding, to the front plate 22 
to project from the forward side thereof, as shown. The 
blast tube 24 extends through a cylindrical shaped burner 
receiving tube 25 of the heater 10 so that the forward, 
or combustion end 11a of the burner is disposed at the 
forward wall 14a of the heater combustion chamber 14. 
The combustion end 11a of the burner is formed by 

the cylindrical combustion head or shroud cap 26 which 
along its rearward end length engages the forward end 
of the blast tube 24 in a slip fit, as indicated by reference 
numeral 27. At the forward end of the shroud cap 26 
there is a peripherally extending and radially inward 
angulated shroud portion 26a, the angle of the shroud 
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open at its forward end. When finally assembled as 
shown, the overal length of the blast tube 24 and shroud 
cap 26 is about twice the diameter of the blast tube. For 
example, where the blast tube diameter is 6'4', the length 
of the blast tube to the end of the shroud cap 26 is 
12', the length of the 45 shroud portion being %6'. 
As shown in FIGURES 2-5, inclusive, the shroud cap 

26 has four quadrantly spaced apart and radially in 
Wardly projecting turbulator positioning vanes 28, these 
being welded to the interior wall of the shroud cap, as 
at 28a (FIGURE 4). These are for assuring accurate 
central positioning of a stationary type turbulator 29 
Within the forward end opening of the shroud cap, the 
outer surface of the inwardly turned peripheral flange 
portion 29a of the turbulator being merely in contact 
engagement with the respective inwardly facing edges of 
the vanes 28. The positioning of the turbulator 29 in 
longitudinal direction is determined by the fixed location 
of the tops of the gas distribution pipe caps 30a (to be 
more fully described hereafter), against all of which the 
end edge of the turbulator flange portion 29a rests, as 
shown. The turbulator 29 is attached, as by the rod and 
bolt means 3 (FIGURES 2 and 3), to the electrode 
ignition assembly 32 which is of a conventional type and 
which, in turn, is attached to the centrally located oil 
fuel feed pipe 33. Thus, the turbulator 29 is firmly 
positioned at a fixed location with respect to both the 
gas distribution pipe caps 30a and the oil spray nozzle 
33a at the end of the oil pipe 33 when the burner is 
assembled. Because of the sliding connection 27 between 
the shroud cap 26 and the blast tube 24, the positioning 
and therefore the amount of forward extension of the 
shroud portion 26a with respect to the turbulator 29 is 
Subject to manual adjustment. Adjustment of the posi 
tion of the shroud cap 26 is conventional in such burners 
for the purpose of adjusting flame length, the adjustment 
being made using the shroud cap adjustment rods 26b 
(FIGURE 2) which project rearwardly and out from the 
back of the burner in a conventional manner not shown 
in the drawing. 
At its rearward end, the oil fuel feed pipe 33 is attached 

to the back plate 34 of the burner 11, as by a set screw 
35a through a block 35 which is attached to the back plate 
and through which the feed pipe 33 extends. Introduc 
tion under pressure of raw fuel oil to the pipe 33 is by 
conventional means, such as the solenoid valve 36 having 
an attached pressure gauge 37, and it will be understood 
that either light or heavy oil may be used as fuel, and that 
adjustment means (not shown) are provided to vary the 
oil flow rate as desired. At its forward end the oil fuel 
pipe 33 has a nozzle 33a for atomizing and spraying the 
oil in a cone pattern. In the specific example being de 
Scribed, the location of the spray is %' rearward of the 
plane of the turbulator 29, as shown. The oil is ignited 
by conventional ignition electrodes 38. 
AS will be perhaps more clearly understood from FIG 

URE 3, a gas pilot pipe 39 extends in parallel spaced re 
lationship with respect to the oil fuel pipe 33 within and 
throughout the length of the blast tube 26, the gas pilot 
pipe 39 being mounted on the block 35 at the back plate 
of the burner and on the electrode ignition assembly 32. 
its forward closed end 39a projects through a suitable 
aperture of the turbulator 29 as shown, and includes an 
arcuate slot 39b (FIGURE 2) for emitting pilot gas which 
is ignited in conventional manner by one of the ignition 
electrodes 38a (FIGURE 3). The slot 39B is located 
just within or forward of the plane of the turbulator 29, although its position is adjustable. 

All of the air for combustion of the fuel oil is drawn 
through the blast tube 24 from the combustion air cham 
ber 40 at the rearward end of the burner 11, the cylin 
cdrically shaped air passage 41 connecting the two. Nega 
tive pressure at the combustion end of the burner which 
establishes the flow of combustion air therethrough is 
created by the inducted draft fan 18 (FIGURE 1) of the 

portion being 45 and the shroud cap being otherwise 75 heater 10. However, the combustion air chamber 40 in 



5 
cludes an adjustable damper 42 at the air inlet opening 
4.0a of the chamber for metering the rate of combustion 
air entering the chamber from the atmosphere. By ad 
justing the damper 42 between its fully closed position 
(dotted lines, FIGURE 2) and its open position (full 
lines), the flow rate of combustion air into the chamber 
40 and thence through the blast tube 24 may be matched 
to the flow rate of the fuel oil so as to provide efficient 
combustion of the fuel forward of the nozzle 33a. 
At the combustion head of the burner a portion of the 

combustion air flows through the turbulator blades 29b 
(FIGURES3 and 5), another portion of the combustion 
airflows through the central aperture 29c of the turbulator 
29, and a further portion of the combustion air flows past 
the outside periphery of the turbulator as established by 
the flange 29a thereof, this last mentioned portion of the 
combustion air flowing between the turbulator 29 and 
the shroud portion 26a of the shroud cap as will be ap 
parent from the drawings. The turbulator blades 29b 
impart a spinning motion to the combustion air flowing 
therethrough so that the air will thoroughly mix and burn 
properly with the fuel oil emitted at the nozzle 33a. 
Raw gas fuel, such as natural gas, is introduced into 

the burner via a gas connection pipe 43 as shown in 
FIGURE 2, the gas having first passed through a valve 
arrangement (not shown) which is adjustable to meter 
the rate of gas flow. From the pipe 43 the gas enters a 
gas distribution chamber or ring 44 which surrounds the 
combustion air passage 41. The raw gas is conducted 
to the combustion end of the burner by a series of twelve 
longitudinally extending gas distribution pipes 30, these 
being attached at their respective rearward ends to the 
front plate 22 of the burner, as by threaded connections 
45, so as to extend into the gas distribution ring 44. 
Thus, gas which is introduced under pressure into the 
gas distribution ring 44 flows through all of the gas dis 
tribution pipes 38 and emerges at the respective pipe caps 
3 (a thereof. As perhaps more clearly shown in FIG 
URES 4 and 5, each gas distribution pipe cap 30a has 
three gas emitting orifices 30b for introducing the gas in 
transverse direction with respect to the direction of com 
bustion air fow through the blast tube. As shown in 
FIGURE 3, the twelve gas distribution pipes 30 are an 
nularly and equally spaced apart about the interior periph 
ery of the blast tube and shroud cap and, as indicated 
in FIGURES 2, 4 and 5, the centermost of the three gas 
emitting orifices 30 b faces inwardly and is aligned with 
the radius of the latter. The other two gas emitting 
orifices 3Cb are situated in the same radial plane, and 
are arcuately spaced 30 away from the first on the re 
spective opposite sides thereof. 

All of the combustion air to be mixed with the emitted 
gas is induced through the burner 11 by the action of 
the induced draft fan 18 of the heater 10 in the same 
manner as has been described in connection with the oil 
burning operation. That is, the fan 18 creates a nega 
tive pressure at the combustion end of the burner 11 
which induces a draft of atmospheric air through the 
damper 42 and into the combustion air chamber 40, 
thence through the air passage 41 and blast tube 24. As 
will be noted from the drawings, a small portion of the 
combustion air flows around the outside of the pipe caps 
30a, between the pipe caps and the shroud portion 26a, 
and thus bypasses the turbulator 29. However, the num 
ber, disposition and arrangement of the gas emitting 
orifices 30 b is such that the gas is distributed uniformly 
throughout the circular area of the combustion head 
which extends between the gas distribution pipe caps 30a, 
and is mixed with combustion air at the inlet side, rather 
than the outlet side, of the turbulator and immediately 
prior to the air and gas mixture flowing through, and 
being turbulated by, the turbulator blades 29b. Of 
course, by regulation of the position of the combustion 
air damper 42, the rate of flow of combustion air which 
will mix with the gas fuel may be adjusted to match the 

10 

5 

20 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
rate of flow of gas through the gas distribution pipes 30. 
Gas flowing from the pilot gas pipe aperture 39b is 
initially ignited as previously mentioned, whereupon the 
gas flowing from all of the gas distribution pipes 30 is 
ignited as the same mixes with the blast tube air. 

Specifically, in the embodiment of the burner 11 being 
described, each of the twelve gas distribution pipes 30 is 
a length of A' diameter pipe, and each of the gas emit 
ting orifices 30b in the pipe cap 30a thereof is formed 
by a 564 diameter drilled hole. The centers of the 
orifices 30 b are in alignment with each other within a 
transverse plane of the burner and are located 346' from 
the respective head ends of the pipe caps 30a. The 
length of the turbulator flange 29a is 4'', so that the 
orifices 30 b are located 7A6' behind the plane of the 
turbulator 29. The length of the shroud cap portion 26a 
is 946' and, when the burner is assembled, its forward 
end is located A6' forward of the turbulator 29, although 
its position is adjustable as aforesaid. 
The turbulator 29 may be generally classified as a 

“restricted type' in view of the relatively small total 
area of passage therethrough which is provided by its 
turbulator vanes or blades as compared with its projected 
area and the area of the blast tube. These size relation 
ships and the positioning of the turbulator with respect to 
the gas fuel emitting orifices and the oil fuel nozzle effect 
substantial improvement of burner characteristics through 
out the range of its intended operation and particularly at 
low firing rates. 
As a specific example of the turbulator size relation 

ships relative to the referred to blast tube opening of 
64' and its positioning with respect to the gas emitting 
orifices and oil nozzle, a twelve-vane restricted type turbu 
lator is provided, having outer diameter of 5/8' and a 
central aperture diameter of 1946'. The length of each 
of its turbulator vanes 29b is 1864, and the width of 
each turbulator vane is %2'. The distance of opening 
of each vane 29b from the general plane of the turbulator 
is 532'. The referred to size relationships of the turbula 
tor 29 with respect to the transverse area of the blast 
tube 26 produces a ratio of bypassed air to turbulated air 
of 7.5:1. The general plane of the turbulator 29 is 
located 38' forward of the oil fuel nozzle 33a, the lat 
ter being substantially within the transverse plane of the 
gas emitting orifice 30b, as will be noted. It is found 
that such arrangement and positioning provides high 
combustion efficiency, flame cleanliness, flame stability, 
and quiet operation at low-rate firing without adverse 
effect upon the same characteristics at higher firing rates. 

In the space heater 10, the draft induced by the fan 18 
is relatively high for best results. That is, whereas con 
ventionally the draft produced is equal to about 1' of 
water, the fan 18 is rated to produce vacuum equal to 3' 
of water within the heat exchanger section 16 of the 
heater. w 

Whether burning gas or oil, or a combination of both, 
the combination fuel burner 11 as described provides 
improved combustion efficiency, flame cleanliness, and 
flame stability at variable fuel flow rates over a range 
of burner heat output of from about 200,000 B.t.u. per 
hour to about 1,000,000 B.t.u. per hour. The burner is 
as efficient when operating within the lower end of the 
range of oil or gas combustion rates as it is when op 
erating at the higher end of the range, the combustion 
efficiency of oil being about 84% throughout the entire 
range, and the combustion efficiency of natural gas be 
ing about 80% throughout the entire range. 

Thus, a combination oil and gas fuel burner has been 
described which achieves all of the objects of the in 
vention. 
What is claimed is: 
1. A combination gas and liquid fuel burner of the 

induced draft type comprising an elongated and plainly 
cylindrical blast tube for conveying combustion air in a 
linear flow pattern towards a combustion end thereof, a 
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centrally apertured turbulator mounted at said combus 
tion end of the blast tube within the path of said com 
bustion air, said turbulator being substantially disc-like 
in shape having outer diameter less than the inside diam 
eter of said cylindrical blast tube and being mounted con 
centrically within said blast tube to provide by-pass air 
spacing between the outer periphery of said turbulator 
and the interior Surface of said blast tube, said turbulator 
further including blade means providing openings for 
turbulating combustion air passing therethrough, the area 
tof Said centrally apertured turbulator relative to the trans 
verse area of said cylindrical blast tube being such that 
the ratio of the amount of air by-passing said air spacing, 
to the amount of air passing through its said blade means 
openings is on the order of 7.5:1, said blade means hav 
ing an air inlet side facing the interior of said blast tube, 
liquid fuel feeding means including a nozzle for emitting 
liquid fuel at a location adjacent to the central aperture 
of Said turbulator at said air inlet side of its said blade 
means, and gas fuel feeding means including gas emitting 
Orifice means disposed within said blast tube adjacent to 
Said inlet side of the turbulator blade means, said gas 
emitting orifice means being oriented to direct emitted 
gas in direction transversely of said direction of flow of 
combustion air through said blast tube. 

2. A combination gas and liquid fuel burner according 
to claim wherein said gas fuel feeding means comprises 
a plurality of longitudinally extending and annularly 
Spaced apart gas distribution pipes within said blast tube 
Substantially adjacent to the interior surface thereof, each 
Said gas distribution pipe having a closed end disposed 
Substantially immediately adjacent to said turbulator at 
Said air inlet side of said blade means thereof, said gas 
emitting orifice means comprising means defining at least 
one aperture of each Said gas distribution pipe disposed 
closely adjacent to said closed end thereof and facing 
in radially inward direction with respect to said blast tube, 
all of Said gas distribution apertures being substantially 
Within the same transverse plane of the blast tube. 

3. A combination gas and liquid fuel burner according 
to claim 2 wherein said nozzle of the liquid fuel feeding 
éans is disposed substantially within said transverse 

plane of the blast tube. 
4. A combination gas and liquid fuel burner according 

to claim 2 wherein said gas emitting means comprises 
aneans defining three apertures of each said gas distribu 
tion pipe, Said three apertures being adjacent to each other 
and being disposed on that side of their said associated 
gas distribution pipe which faces in inward direction with 
respect to said blast tube. 

5. A combination gas and liquid fuel burner of the 
induced draft type comprising a housing defining a com 
bustion air chamber and a separate gas distribution cham 
ber, an elongated and plainly cylindrical blast tube having 
a forward open end and a rearward open end, said rear 
Ward end of the blast tube being connected to said com 
bustion air chamber to receive combustion air there 
through, a longitudinally adjustable shroud cap mounted 
on Said forward end of the blast tube to form an extension 
thereof and having a peripherally disposed and inwardly 
angulated Shroud portion defining the combustion end of 
Said burner, a turbulator mounted in fixed position cen 
trally of, and disposed transversely of said blast tube sub 
Stantially adjacent to said shroud portion of the shroud 
cap, said turbulator having blade means including an air 
inlet side facing towards the interior of said blast tube, raw 
liquid fuel feeding means mounted in fixed position within 
said blast tube and including nozzle means for emitting 
liquid fuel at a location closely adjacent to said air inlet 
side of the turbulator blade means, and raw gas fuel feed 
ing means mounted within said blast tube, said gas fuel 
feeding means comprising a plurality of longitudinally ex 
tending, and annularly and equally spaced apart gas dis 
tribution pipes disposed substantially adjacent to the in 
terior Surface of said blast tube and shroud cap, each 
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said gas distribution pipe having a rearward end connected 
to said gas distribution chamber for receiving raw gas fuel 
there from and a forward closed end disposed substantial 
ly adjacent to said turbuiator at said iniet side of the tur 
bulator blade means, and each said gas distribution pipe 
further having gas emitting orifice means disposed closely 
adjacent its said closed forward end and facing in radial 
ly inward direction with respect to said blast tube and 
shroud cap whereby said raw gas fuel is emitted substan 
tially uniformly throughout a circular area of said shrolid 
cap at a location closely adjacent to said inlet side of 
said turbulator blade means. 

6. A combination gas and liquid fuel burner according 
to claim 5 wherein said gas emitting orifice means of each 
said gas distribution pipe comprises three gas emitting 
orifices aligned within the same radial plane of Said shroud 
cap, the outermost of said three orifices being arcuately 
spaced 30° at respectively opposite sides of the middle 
orifice and the middle orifice being aligned with a radius 
of said shroud cap. 

7. A combination gas and liquid fuel burner according 
to claim 5 wherein the diameter of said turbulator is sub 
stantially equal to about four-fifths (%) of that of said 
blast tube and shroud cap whereby a portion of said com 
bustion air bypasses said turbulator blade means by flow 
ing around the turbulator, said turbulator having means 
defining a central aperture thereof having diameter Sub 
stantially equal to about two-thirds (2/3) of Said diameter 
of the turbulator whereby a further portion of said com 
bustion air bypasses said turbulator blade means by flow 
ing through said aperture, and Said turbulator blade means 
providing air openings whereby the remainder of said 
combustion air is turbulated upon passing therethrough, 
the total area of Said blade means openings being Such that 
the ratio of the total of said bypassed combustion air por 
tions to said turbulated combustion air portion is substan 
tially 7.5:1. 

8. A combination gas and liquid fuel burner according 
to claim 7 wherein said liquid fuel nozzle means and said 
gas emitting orifice means are located substantially within 
the same transverse plane, said nozzle means being situ 
ated centrally of said turbulator. 

9. A space heater comprising a combustion chamber, 
fan means for inducing negative pressure within said conn 
bustion chanaber, and a combination gas and liquid fuel 
burner of the induced draft type mounted in said conn 
bustion chamber, said burner comprising an air inlet 
chamber including means for opening the same to the 
atmosphere, a blast tube having an open rearward end 
attached to Said air inlet chamber and an open combus 
tion end facing the interior of said combustion chamber, 
a restricted type turbulator mounted in fixed position with 
in Said blast tube substantially adjacent said combustion 
end of the latter, said turbulator having vanes defining 
turbulation openings, and further having size relative to 
Said blast tube and central aperture means defining by 
pass openings, the ratio of the areas of said bypass open 
ings to the areas of said turbulation openings being on 
the order of about 7.5:1, liquid fuel feeding means in 
cluding a nozzle in fixed position within said blast tube 
for emitting liquid fuel in direction towards said combus 
tion channber from a location substantially adjacent to 
Said turbulator on that side thereof which faces said rear 
Ward end of the blast tube, and raw gas feeding means in 
cluding gas orifice means mounted in fixed position with 
in Said blast tube for emitting gas fuel in radially inward 
direction with respect to said blast tube within a transverse 
plane of the latter located Substantially adjacent to said 
turbulator on that side thereof which faces said rearward 
end of the blast tube. 

16. A Space heater according to claim 9 wherein said 
fan means is adapted for inducing negative pressure on the 
order of about three inches (3') of water within said 
combustion chamber. 

(References on foovying page) 
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