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This invention relates to burners for liquid 
fuels. The burner of this invention is partic 
ularly adapted to produce a large quantity of 
fully blended gas comprising combustion prod 
lucts, in very Sinall space. It is also adapted to 
mix the combustion products with additional air 
So that the mixed air and combustion products 
provide a hot gas of lower temperature than the 
corbustion products alone. 
A burner of this type is suitable for various 

uses but is particularly adaptable for furnishing 
hot gas for the deicing of aircraft propellerS. 
While the use of the burner of this invention is 
not limited to propellers, it is illustrated for use 
in conjunction with an aircraft propeller. 
bui'ner is shown as being directly mounted upon 
the stationary or non-rotating portion of an air 
craft propeller but as part of the propeller as 
sembly. Suitable provisions are made to adjust 
the temperature of the hot gas generated by the 
burner and to conduct the temperature-adjusted 
gas to the rotating portion of the propeller and 
into the propeller blades, and if desired, into 
other portions of the propeller assembly which 
may require heating. 
An object of the invention is to provide a COm 

pact, safe and efficient direct liquid fuel heater 
system. A further object of the invention is to 
provide a combustion heater, specially adapted for 
use with propellers, wherein a high heat Output 
may be secured from the heater and wherein the 
combustion products may be controlled to a veloc 
ity, temperature and volume appropriate for use 
with thermal anti-icing systems on propellers and 
wherein, furthermore, the combustion heater 
proper is of light weight and Small compass to 
interfere as little as possible with Weight and 
space considerations in a power plant installa 
tion, such considerations always being of major 
importance. Associated objects are to provide a 
burner which will not be subject to extinguish 
ment at high altitudes, and which may easily 
be ignited at high altitudes as desired, and to 
provide a burner which will not present a fire 
hazard. Another object of the invention is to 
provide a propeller heating System which can be 
incorporated in existing types of propellers with 
minor modifications. 
The invention is clearly disclosed in One pre 

ferred form in the attached sheet of drawings 
wherein it will be seen that a combustion heater, 
fed. With fuel and air and provided With ignition 
means, is secured to a stationary portion of the 
propeller assembly. The combustion heater is 
fed with ambient air through one or more tan 
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gentially, disposed inlet openings, the inducted air 
being divided to provide a primary air stream to 
Support combustion and a secondary air stream 
to dilute and cool the combustion products where 
by the latter may be led through passageways 
in the propeller system in large volume at rela 
tively low temperature, and at low velocity, to the 
hollow propeller blades. Flow of gas through 
the heater and propeller is ordinarily induced 
by the centrifugal pumping action of the pro 
peller, the products of combustion finally being 
exhausted to atmosphere through blade tip open 
ings. One or more combustion heaters may be 
used in a propeller installation, depending upon 
the heat requirements to assure adequate pro 
peller de-icing under the most unfavorable flight 
conditions likely to be encountered. 
The above brief description is amplified below 

in connection with a specific description of the 
figures. The embodiment of the invention chosen 
for illustration is merely exemplary and is not 
intended to comprehend all modifications and 
variations to which the invention may be sub 
jected. The particular features of novelty which 
characterize the invention will be pointed out in 
the claims annexed to and forming a part of 
this Specification. 

In the drawings, in which similar reference 
characters designate similar parts, Fig. 1 is 
a fragmentary side elevation of an aeronautical 
propeller, showing, partly in section, the com 
bustion heater installation of this invention; 

Fig. 2 is a rear elevation of a portion of a pro 
peller showing the features of this invention in 
their installed position; and 

Fig. 3 is an enlarged longitudinal sec 
tion through a combustion heater of a preferred 
type. 
The nose or driving end of a prime nover Or 

gear box is shown at 0, the latter having ex 
tending therefrom a shaft upon which is mount 
ed a propeller hub 2, such shaft and mounting 
being well known in the art and accordingly not 
being shown in detail. As part of a propeller 
assembly 4 of which the hub f2 forms a por 
tion, a non-rotating back plate -6 is provided, 
the latter usually comprising a housing for a, 
portion of the pitch changing mechanism of the 
propeller. This plate 6 is piloted as at f8 upon 
a portion of the propeller hub and is secured 
against rotation relative to the prime mover 0 
as by studs 20. Upon the propeller hub 2 is 
secured a plate 22 including a plurality of open 
ings, at least one for each propeller blade. A 
duct 24 embraces each of the Several propeller 
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blades 26, the interior of each duct 24 communi 
cating with a hollow 28 of the associated propel 
ler blade through an appropriate blade Opening 
30. An arrangement such as that briefiy de 
scribed above is disclosed in greater detail in CO 
pending Chillson and Brigham application No. 
691,125, filed August 16, 1946, and issued April 
8, 1952, as Patent 2,592,118. In addition to the 
duct work described whereby hot gas may be 
conducted to hollow propeller blades, the ducts 24 
may likewise be provided with conduits 32 leading 
to hollow blade embracing cuffs 34. 
The rotary plate 22 is preferably provided with 

an annular flange 36 Which Surrounds the pe 
riphery of the stationary plate 6, a rotary Seal 
38 being provided between the two plates to pre 
vent leakage of hot gas therebetween. The sta 
tionary plate 6 is provided with an opening 0, 
the border of the opening providing a mounting 
for a combustion heater 42 appropriately Secured 
to the plate as by bolts or Screws 43. The coin 
bustion heater shown in greater detail in Fig. 3 
comprises a metallic drum or shell 44 of cylin 
drical form, the leftward end as shown being 
open so that the interior of the drum communi 
cates with the cavity 46 (Fig. 1) formed between 
the plates 6 and 22. The rightward end 48 of 
the drum is closed as shown and provides a 
mounting coaxial with the drum, for a burner a S 
Sembly 50. 
The burner assembly includes a sleeve 52 Se 

cured to the drum end 48 and embracing a fuel 
nozzle 54, the latter being fed by means of a 
tube 55 With gasoline or other appropriate fuel. 
The burner assembly also includes a pair of 
jackets 56 and 58, preferably formed integrally 
with the sleeve 52, said jackets having openings 
Such as 6 to receive air which enters the drun 
44. Fitted within these jackets and secured ad 
jacent the sleeve 52 is a perforate combustion 
cone 62, Some of whose perforations match and 
communicate with portions of the chambers 
formed within the jackets 56 and 58. The di 
ameter of the large end of the done 62 is less than 
the diameter of the inside of the drum 44, leav 
ing an annular space between the cone edge and 
the drum through which air may foW. 
Close to the rear end of the drum 44 are dis 

posed one or more tangential air louvres 64, also 
shown in Figs. 1 and 3, so that air may enter the 
drum tangentially to flow in a rotating SWirl 
within the drum. The jackets 56 and 58 Com 
prise an ignition housing in conjunction with 
the cone 62, by which the velocity of entering air 
is reduced, first by flowing through the small 
holes 60 into the jackets, and then by passing 
through the holes in the cone 62. This ignition 
air mixes with fuel sprayed from the nozzle 54, 
and is ignited, whereupon the mixture burns and 
propagates and spreads out within the cone 62. 
After this ignition, part of the Swirling excess 
air outside of the jackets 56 and 58 passes 
through the holes in the larger end of the cone 
62, retaining part of its turbulent Swirl, to Com 
plete fuel combustion in a very small Space. The 
temperature of the burning gases within the COne 
62 will be of the order of 2000 F. This tempera 
ture is much too great to apply directly to the 
propeller ducting System and also is too great 
for contact With the burner shell 44. The re 
maining air entering through the inlet 64 whirls 
Within the drum and passes leftwardly in a heli 
cal path as indicated in Fig. 3 around the edge 
of the cone, first to provide a layer of cool air 
to insulate the shell 44, and then to mix with 
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4. 
and dilute the combustion gases. The air twist 
ing around the end of cone 62 mixes with con 
bustion gases. Dilution of the combustion gases 
by ambient air decreases the temperature and 
Velocity of the mixed gases to a level which is 
appropriate for propeller de-icing. 
The burner construction described allows of 

the entry of sufficient ambient air in a series of 
streams of increasing velocity to enable, first, 
fuel ignition, then, complete fuel burning and 
third dilution of the mixture, the diluting air 
Sweeping a helical path. Within the burner at 
fairly high Velocity to create high turbulence. 
This turbulence assists in the mixture of the hot 
and ambient gases downstream of the burner 
cone, the helical flow then changing to a slower 
axial flow at the burner outlet. Thus the velocity 
of the hot diluted gas into the propeller will be 
moderate-a desirable feature to avoid erosive 
effects upon the mechanism. The diluted com 
bustion products pass from the leftward end of 
the burner as shown into the propeller ducting 
System previously described. If desired, a con 
Vergent outlet nozzle may be provided for the 
burner as ShoWn at 68 in Fig. 1 to improve the 
inixing of ambient air and combustion products 
Within the burner. The low velocity of air enter 
ing the combustion cone through jackets 56 and 
58 assists burner starting at all altitudes where 
propeller icing Inay be encountered, and also is 
important in reducing the tendency of the burner 
fire to extinguish when oxygen supply may be 
Come marginal at high altitudes. Low velocity 
air is desirable for mixture with fuel sprayed 
from the nozzle Sá to enable positive ignition of 
the fuel-air mixture. After ignition, additional 
air is fed to enable complete combustion of the 
ignited fuel-air mixture substantially within the 
Cone 5, the air up to this point being at a rate 
to make a Substantially stoichiometric mixture 
With the fuel. If all combustion and diluting air 
Were fed to the cone near the fuel nozzle, ignition 
Would be difficult due to the high velocity and the 
cooling effect of the large mass of air, and burner 
blow-out Would be a probability. Consequently, 
Only enough air for combustion is fed to the 
burner first, at low velocity, to assure ignition 
and burning of the mixture. Then, as a separate 
Step, the excess cooling and diluting air is added 
at the Open end of the cone to cool the com 
bustion gas to a temperature tolerable to the 
propeller structure yet high enough for de-icing 
purposes. This extra air also decelerates the 
hot gas by cooling, the initial combustion air hav 
ing been accelerated by its burning with the fuel, 
The burner as described is provided with an 

ignition System as represented by a spark or glow 
plug 0 secured in the jacket 58 and passing into 
the interior of the cone 62. Such plug may be 
energized in the usual manner by a power source 
: a coil 4 if necessary, and a control switch 
6. 
Referring briefly to Fig. 2, two combustion 

burners 62 are shown disposed substantially sym 
metrically On opposite sides of the axis of the 
propeller, these heaters being fed from a common 
fuel source through a fitting 77, the fuel source 
normally being disposed in a stationary portion 
of the aircraft with which the propeller is asso 
Ciated and including a pump to feed the fuel 
under pressure to the nozzle 54. Fig. 2 likewise 
shows a Solenoid valve arrangement in each fuel 
feed line 55 leading from the fitting 77. One 
Solenoid f8 operates a restricted fuel valve in the 
line 55 for mixture control, while the other 
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solenoid 82 operates as an on-off valve. Thereby 
the solenoids 2 and 3 may be energized selec 
tively to yield operating conditions with no fuel 
flow, partial flow, and full flow. Alternatively, 
the Solenoids and ignition Systems may be So ar 
ranged in a fashion well known in the prior art 
so that the ignition System may be cut of When 
the burner becomes hot and when Self-ignition 
can be produced by the operating burner. Also, 
various safety features may be incorporated in 
the system to cut off fuel should a burner blow 
out, occur, and to shut down the burner System 
in case of malfunctioning of any relevant portion 
of the fuel, ignition, or propeller components. 

Essentially, the invention above described Con 
prehends inp'ovements in burner design for use 
with propellers, as well as the incorporation of 
direct fired ourners on a portion of the propeller. 
assembly. The invention thus distinguishes over 
previous systems where extensive duct work is re 
cuired to conduct heat from an available Source 
in the aircraft, to the propeller with consequent 
increases in weight and complexity of installa 
tion. 
An advantage flows from the use of direct Con 
ustion heaters on a propeller in that the glo 

peller may be heated at will without dependence 
upon the operating condition of a power plant 
when used as a heat Source or from a separate 
turner installation which may be used for Sull 
dry other purposes Such as heating the airplane 
proper. It may further be noted that induction 
of air into the burner System herein described is 
afforded if desired by the rotation of the pro 
peller proper. The burner installation is intend 
ed to be used with hollow propeller blades where 
in a went hole is provided in the tip of each pro 
celler blade. The propeller blade in Operation 
acts as a centrifugal pump, pumping air longi 
tudinally through the blade from its root toward 
its tip. The burner air intakes 64 are open to pro 
vide air to the burner at slightly leSS than an 
bient, pressure due to the forced induction caused 
by the centrifugal pumping action of the pro 
peller blades. Alternatively, air feed to the 
burner may be by a ram system, and the hot de 
icing gas may be bled from the blades by other 
means than blade tip ventS. 
By the stationary mounting of the burners as 

part of the propeller assembly, rotating fuel Seals 
are avoided since the fuel nozzles 54 of the burn 
ers may be supplied with fuel from the fixed fuel 
conduits such as 55 which may be led, With quick 
detachable connections interposed, to a fuel 
source carried on the aircraft. The connector T 
shown in Fig. 2 for instance may be a quick de 
tachable connection so that the propeller in its 
entirety, and with the heaters installed, may be 
removed bodily from the aircraft power plant 
after separation of the connection 77 and of the 
ignition wires to the burners which themselves 
may be separable through quick disconnect plugs 
mounted adjacent the engine nose. 
Though but a single embodiment illustrating 

the invention has been illustrated and described, 
it, is to be understood that the invention may be 
applied in various forms. Changes may be made 
in the arrangements shown without departing 
from the spirit or scope of the invention aS Will 
be apparent to those skilled in the art and refer 
ence should be made to the appended claims for 
a definition of the limits of the invention. 
What is claimed is: 
1. A liquid fuel burner comprising a substan 

tially cylindrical shell closed at one end and de 
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6 
livering combustion products from the other, 
having a coaxial fuel nozzle in the closed end 
and a tangential air entry in the shell near Said 
closed end, a perforated wide-angle combustion 
cone secured within and coaxial With the Shell, 
the outside of said cone and the inside of Said 
shell defining therebetween an air SWill chail 
ber, the large end of said cone facing a Way from 
said closed end, and the edge of the large Cone 
end defining with the Shell an annular air paS 
Sage through which part of the SWirling air paSSeS, 
and means including the cone perforations for 
feeding a part of said Swirling air in Said cham 
ber through the cone perforations at the Small 
end of the cone near said shell closed end, and 
means for feeding another part of the air through 
the cone perforations at a larger diameter part 
of said cone, both said means for feeding includir 
ing hollow annular jacicetS embracing and Se 
cured to the cone, having openings therein con 
necting said Swiri chamber with some of the cone 
perforations. 

2. A liquid fuel burner comprising a substan 
tially cylindrical shell closed at one end and de 
livering combustion products from the other, hav 
ing a coaxial fuel nozzle in the closed end and a 
tangential air entry in the shell near Said closed 
end, a perforated wide-angle combustion cone Se 
cured within and coaxial with the shell, the out 
side of said cone and the inside of Said shell 
defining therebetween an air swirl chamber, the 
large end of Said cone facing away froin Said 
closed end, and the edge of the large cone end 
defining With the shell an annular air passage 
through Which part of the SWirling air passes, and 
means including the cone perforations for feed 
ing a part of Said SWirling air in said chamber 
through the cone perforation at the Small end of 
the cone near said shell closed end, and means 
for feeding another part of the air through the 
cone perforations at a larger diameter part of said 
cone, both Said means for feeding including a 
plurality of separate hollow annular jackets of 
different size, axially spaced and embracing and 
Secured to the cone, Said jacketS having openings 
connecting said swirl chamber with part of the 
cone perforations. 

3. A liquid fuel burner comprising a substan 
tially cylindrical shell, closed at one end, having 
a tangential air entrance toward the closed end 
thereof to impose a Swirling motion upon air ad 
mitted to the shell, a sleeve within and concen 
tric with said shell, secured to the shell closure, 
Comprising a nozzle receptacle adjacent said clo 
Sure and comprising a plurality of axially spaced 
annular hollow jackets, a fuel nozzle in said re 
ceptacle, Said sleeve having openings in its ex 
terior to admit air to said jackets, a wide-angle 
perforate combustion cone fitted to and carried 
by Said sleeve with its Smali end near said noz 
zle, part of the perforations of Said cone register 
ing with Said jackets to admit air therefrom to 
the interior of said cone to Support combustion 
of fuel fed through Said nozzle, said sleeve and 
COne Openings being of Small and a large collec 
tive areas respectively to yield a slow flow of air 
to the COne from the jacket nearest, the nozzle 
and an increased foW of air from the jacket far 
ther from the nozzle, Said cone having perfora 
tions free of Said jackets of collectively large area, 
toward its larger open end, to pass air directly 
from the exterior of Said cone to the interior 
thereof, and the edge of the large end of said 
cone defining With the interior of said shell an 
annular paSSage of Still larger area, for the Swirl 
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ing passage of air from Said air entrance, for 
diluting the combustion products flowing from 
Said cone upon ignition of fuel and air therein. 

4. A liquid fuel burner particularly adapted for 
aircraft utilization comprising a substantially 
cylindrical casing having a tangential air en 
trance thereto toward an end of the casing, that 
end being closed, a member secured to and Con 
centric With the casing closure having a central 
opening, a fuel nozzle disposed in said opening, 
said member comprising a portion flared out 
Wardly and including tandem hollow air jackets, 
said jackets having peripheral openings for pas 
sage of air thereto from said casing, a perforate 
cone Seated in said member having its small end 
adjacent said nozzle opening and its large end 
close to Said casing and defining therewith an 
annular air passage to pass part of the air from 
the air entrance directly to a downstream part 
of Said casing, said cone perforations being dis 
posed to register With the jackets of said mem 
bel whereby part of the air from Said air en 
trance passes into said jackets and passes 
therefrom through Said perforations to mix with 
fuel issued from said nozzle. 

5. A liquid fuel burner particularly adapted for 
aircraft utilization comprising a substantially 
Cylindrical casing having a tangential air en 
trance thereto toward an end of the casing, that 
end being closed, a member secured to and con 
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centric With the casing closure having a central 
Opening, a fuel nozzle disposed in said opening, 
Said member comprising a portion flared out 
Wardly and including tandem hollow air jackets, 
said jacketS having peripheral openings for pas 
Sage of air thereto from Said casing, a perforate 
cone seated in said member having its small end 
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8 
adjacent said nozzle opening and its large end 
close to Said casing and defining therewith an 
annular air passage to pass part of the air from 
the air entrance directly to a downstream part 
of Said Casing, Said cone perforations being dis 
posed to register with the jackets of Said men 
ber whereby part of the air from said air en 
trance paSSes into said jackets and passes 
therefrom through said perforations to mix with 
fuel issued from Said nozzle, said jacket periph 
eral openings being of a Size to pass casing air 
at relatively low velocity to the interior of said 
cone while higher velocity casing air passes 
through the annular air passage around said 
COe. 
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