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Filed Apr. 3, 1959, ser. Ne. 803,928 
1p1 Claims. (Cl. 11s-_2.5) 

This invention relates to combustion chambers or 
torches for forming tlber-s of materials such as quartz 
which have very high melting points. 
'Fine quartz hbers are very di?‘icult to make and are 

relatively -expensive with respect to many other fibers. 
This difficulty and high cost results principally from the 
high melting point of 1750‘7 C. for quartz. 

' Prior .techniques which have been proposed tor forming 
quartz fibers have employed commercial metallizing guns 
or ¿torches and various other arrangements. When these 
prior art ̀ arrangements have been applied to the formation 
of quartz fibers, however, it has been found that there is 
very poor efliciency in the absorption of heat from the 
flame by the quartz, .and fthat the quartz fibers are formed 
at a very low rate, due to Ithis poor utilization of heat. 

Accordingly, increasing the production nate and re 
ducing the cost of making libers of high melting point 
materials iare the principal objects of the present inven 
tion. Collateral objects of »the invention include increas 
ing the heat transfer etliciency and protecting the torch 
from unnecessarily elevated temperatures. Stated in 
simpler terms, it is desired to obtain more output per 
torch land more -output per unit volume of input gas. 

In addition, rods or ñlaments of small diameter have 
‘ normally been used yas a starting point in prior art proc 
esses for forming quartz fibers. Considerable time and 
expense is required in the formation and handling of such 
filaments prior to the formation of the quartz fibers. 

I_t is therefore another object of the invention to form 
quartz iibers directly ‘from rods of moderately larger di 
ameter such as 1A or 1/2 inch or larger. 

In .accordance with one illustnative embodiment of my 
invention, the foregoing objects lare yachieved by the use of 
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a combustion chamber having an inlet end through Which 
-a rod of quartz or other high melting point material is fed. 
Quartz fibers and gases lare exhausted from the other 
end. The end of the combustion chamber through which 
the quartz rod is fed is very nearly lair tight, and may 
therefore be termed the “closed” end of the chamber, «in 
contrast to the opposite open or outlet end through which 
the quartz übers and other gases leave the combustion 
chamber. In the combustion chamber, suitable high 
temperature fuel and oxygen are applied peripherally and 
generally at right angles to the axis of the rod, at a point 
spaced from the closed end of the combustion chamber. 
This direct application of heat to the quartz rod, gener 
ally at -right angles, permits high efficiency heat transfer 
to the quartz rod and raises the temperature of the rod to 
the melting point. Spacing the point of application of 
flame ̀ to the rod from the closed end of the chamber 
permits suitable preheating of the rod». . y > 

In addition, yaroundI the inner surface of .the outlet end 
of the combustion chamber, air, steam «or other gas under 
pressure is directed toward the quartz rod .and outwardly 
from ther combustion chamber. This attenuates the 
molten quartz and draws iibers from it. It also has an 
aspirating or lsuction effect, and draws the »flame and the 
combustion products centrally along the ‘axis of the quartz 
rod to keep `the molten quartz hot yas fibers are drawn 
olf. Furthermore, the ñ-ame and the hot combustion 
products »are drawn out of the combustion _chamber and 
away from its walls .so that these walls `are not heated 
unduly. Formation of übers depends upon having the 
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necessary heat for melting the quartz. The friction 
shearing forces between Ithe jet of high velocity combus 
tion products and the viscous liquid layer pull the molten 
quartz down the rod and into the gas stream las fibers thu-s 
causing attenuation. ì 

IIn accordance with a 'feature of the invention, a com-f 
bustion chamber includes a closed end through which a 
'nod of'high melting point material is fed, an open end, 
arrangements for directing Ia flame generally perpendicular . 
to the axis kof »the rod, yand va peripheral outlet near the open 
end of lthe chamber for providing a forceful annular gas 
jet directed toward the rod and outward fnom the chamber. 

In ‘accordance with an additional feature of the inven 
tion, fthe llame may be «applied to the rod at a‘lregion 
which is spaced from the closed end of the combustion 
chamber by a distance which is more than the inner radius 
of the chamber, to provide a preheating zone. Small 
'bleed holes may be provided .to supply lair under pressure 
to lthe preheat lzone of the combustion chamber to pre 
clude the accumulation of silica vapor. 

In accordance with a further feature of the invention, 
air, ‘steam or -other gas under pressure may be supplied 
through ̀ a jacket encompassing the combustion chamber 
both rto the bleed holes in the preheat portion of the cham 
ber «and to the peripheral aspírating outlet near the open 
end ofthe combustion chamber. This arrangement serves 
to cool the inner wall of the combustion chamber and 
prevent overheating. `In addition, the heat transfer from 
the combustion Ichamber increases the temperature and 
energy of the air stream thus increasing its velocity. 
The aspiration effect provided by the peripheral out 

let has the advantage of permit-ting the combustion of 
larger gas volumes than would otherwise be possible. 
This increases the velocity of the gases forming the exit jet 
and greatly increases the frictional shearing forces which 
produce the quartz fibers. The additional hea-t resulting 
from the eli’icient use of the flame and large volume of 
combustion gas permits the use of quartz rods of rela 
tively larger diameter in the process. These factors ac 
count to a considerable extent for the greatly increasedv ` 
rate of production of quartz fibers as contrasted with the 
torches which have Ibeen employed heretofore. Other 
advantages include elimination of the heating and draw-v 
ing steps required in prior arrangements where ñne rods 
or filaments were used. In addition, when relatively large 
diameter rods of one-quarter, or oneehalf inch or lgreater 
are employed, the process may conveniently [be made con 
tinuous by welding successive rods together. 

Other objects, features and advantages of the inven~ 
tion may be readily apprehended from a consideration 
of the following detailed description and from the draw 
ings, in which, 
'FIGURE l is a cross sectional view of a combustion 

chamber or torch ̀ for forming fibers of high melting point> 
material in accordance with the present invention; 
FIGURE 2 is an alternative embodiment of the com 

lbustìon chamber of 'FIGURE 1 in which a cooling jacket 
is provided; »Y ' = 

FIGURE 3 shows another modification of the inven 
tion in which fuel gas and oxygen are mixed within the 
combustion chamber itself; and ` ' ’ ~ 

FIGURE 4 shows another ‘fpost-mix” arrangement for 
a combustion chamber. l 
With reference to the drawings, FIGURE 1 shows an 

. illustrative torch or combusti-on chamber for formingl 

70 

Íibers from fused quartz rods. 
includes a closed end 12 and an open ,end` 14. A fused 
quartz rod 16 is fed into the closed end of the combus- 
tion chamber through the sealing element 18 which pre 
vents lbackfìring through the closed end of the chamber.l 

The torch of FIGURE l 
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Suitable rollers 20 and 22 may provide the drive for 
feeding the rod 16 into the combustion chamber. 
The quartz rod is heated ‘by llame from the jets 24 

through 31 which are spaced peripherally around the 
inner surface of the combustion chamber. Annular cham 
bers 34 and 36`supp1y premixed fuel and oxygen to the 
jet openings 24 through 31. The fuel is applied to the 
quartz rod 16 in a direction generally perpendicular to 
the axis of the rod. More specifically, as indicated by 
the arrows l38 and 40, for example, the flame from the 
jets is applied directly to the surface of the quartz rod 
16. This combustion directly on the surface of the rod 
is particularly effective for transferring heat to the rod. 
Accordingly, full heating of the quartz rod 16 is obtained 
up to the temperatures of about 2000" C. which are 
desirable for the forming of quartz fibers. 

' In order to bring the quartz rod 16 up to the melting 
point, a suitable preheating zone 42 is provided within 
the combustion chamber. The preheating zone is pro 
vided both by the proper orientation of the jets 24 through 
31 and lby the spacing of these jets at a significant dis 
tance from the closed end of the combustion chamber. 
In this regard, it is noted that the jets are spaced from 
the closed end Áof the combustion chamber .fby a distance 
which is greater than the minimum inner radius of the 
combustion chamber. While this distance is not overly 
critical, a distance of this general order of magnitude, or 
a somewhat greater distance, is desirable in order to per 
mit adequate preheating of the rod in bringing it grad 
ually up »to the required high melting temperature. 

In regard to the orientation of the jets 24 through 
31, it has been mentioned that they should be oriented 
generally perpendicular to the axis of the quartz rod 
16. In this regard, slight deviations from exact perpen 
dicularity within 45°, or preferably within 30° of this 
angle, are within the contemplation of the present in 
vention. 
Toward the open end 14 of the combustion chamber, 

a blast of air or steam is directed through the peripheral 
opening 44 toward the quartz rod and toward the open 
end of the combustion chamber. Air or steam to be 
applied to the peripheral opening 44 is supplied from the 
tube 46 via the annular opening 48. With regard to 
the connection of the tubes 46, 50 and 51 to the torch 
assembly, conventional tube fittings may -be employed. 
These ñttings are not shown in detail in the present draw 
ing. The Width of the peripheral opening 44 may be 
adjusted by rotating the annular member 54 at the open 
end 14 of the combustion chamber. As the member 
54 is turned, its position with respect to the remainder of 
the combustion chamber is shifted by means of the screw 
threads 52, and the width of the opening 44 is changed. 
The quartz rod is preheated in the region designated 

56; it is drawn down the region designated 58; and it is 
attenuated and blown into fibers in the region designated 
60 in FIGURE l. It is again noted that the fibers are 
separated from the rod as the result of :frictional shearing 
forces of the high velocity hot gases on the portion of 
the quartz Which `has been heated to the liquid phase. 
The air blast through the peripheral opening 44 pro 

vides an aspiratíng elîect for the combustion chamber, 
and increases the velocity of the gases at the exit opening 
of the combustion chamber and particularly in the region 
60 as shown in FIGURE 1. In addition, the flames from 
the jets 25 and 31, for example, are deflected as indicated 
by the arrows 62 and 64 toward the open end 14 of the 
combustion chamber. The ñames are thus drawn along 
the molten portion 58 of the quartz rod and maintain it 
in the heated condition. Furthermore, the flame and the 
combustion products are directed away from the walls 
of the combustion chamber so that it is not overheated. 
As can be readily imagined, this overheating problem is a 
serious one with temperatures of up to or slightly more 
thaân 2000° C. being present ae the surface of the quartz 
1'0 . 
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FIGURE 2 is an alternative embodiment of the ar 

rangement of FIGURE l. The principal -additional fea 
ture of the arrangement of FIGURE 2 lies in the use of 
a cooling jacket 72 which encompasses the major por 
tion of the combustion chamber. The arrangement of 
FIGURE 2 also shows a premixing jacket 74 in which 
the oxygen and fuel gas are combined prior to applica 
tion to the jet 76 and the other peripherally located jet 
openings. In order to avoid the accumulation of silica 
vapor in the preheat zone 78 of the furnace, small air 
bleed holes 80 and 82 are provided, together with suit 
able adjusting screws. Air flowing from the jacket 72 
under pressure through these small bleed holes prevents 
the undesired accumulation of silica vapor in the pre 
heating zone 78 of the furnace. The tubes 84 and 86 
pass through the cooling jacket 72 from the premix jacket 
74 to the jet openings, without materially interfering 
with the flow of air from the closed end of the combus 
tion chamber toward the peripheral opening 88 at the 
open end of the combustion chamber. Suitable drill 
holes 90 are provided for the passage of air from the 
cooling jacket 72 to the annular chamber 92 ‘at the open 
end of the combustion chamber. It may be noted again 
that, in addition to the cooling effect and the convenient 
use of bleed holes, the arrangement of FIGURE 2 pro 
vides for the transfer of heat and the resultant increase in 
pressure of the gas applied to the outlet 88. In other re 
spects, the operation of the torch of FIGURE 2 is gen 
erally similar to that of FIGURE 1 as described above. 
Two alternative forms of jet supply arrangements are 

disclosed in FIGURES 3 and 4. In FIGURE 3, fuel gas 
is supplied to the annular chamber 102, and oxygen is fed 
to the annular chamber 104. A series of peripheral 
paired jets 111 through 114 are provided to mix the fuel 
gas and oxygen within the combustion chamber. This 
type of arrangement is designated a “post-mix” arrange 
ment as contrasted with the “premix” flame jet employed 
in the arrangements of FIGURES l and 2. 
A somewhat more elaborate post-mix arrangement is 

shown in FIGURE 4. Oxygen is supplied through tube 
122 to the outer peripheral jacket 124. Fuel gas is cou 
pled to the inner annular chamber 126 by the tube 128. 
Small tubes 130 are employed to carry the oxygen 
through the fuel gas chamber 126 to concentric jet open 
ings such as those designated 132. This arrangement pro 
vides an improved mixing of the fuel gas Land oxygen with 
somewhat less turbulence than that provided in the ar 
rangement of FIGURE 3. With regard to the open end 
of the combustion chambers of FIGURES 3 and 4 and 
the other associated equipment which is not shown, these 
arrangements would correspond substantially with that of 
FIGURES 1 and 2. 
Any of a number of different types of fuel may be 

“ employed for combination with oxygen. However, it is 
55 considered that acetylene, propane, methane or hydrogen 

are most suitable. The oxygen may be supplied under a 
pressure of from 15 to 90 pounds per square inch, for 
example, and the fuel gas at any suitable pressure greater 

f than 15 pounds per square inch. The air or steam for 
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aspiratíng and cooling purposes may be at any desired 
pretslsure, preferably from .10 to 150 pounds per square 
mc . 

For simplicity of construction and to provide a pre 
ferred embodiment of the invention, the openings for the 
fuel have been shown as separate peripheral jets, and the 
opening for the aspiratíng blast of air or steam .has been 
disclosed as a continuous annular opening. However, 
the flame jets could be of a continuous annular form 
and the blast of air could be provided by a series of jets 
directed toward the quartz rod and the open end of the 
combustion chamber. ' 

In the present discussion, the terms “fused quartz” and 
“fused silica” have been used loosely. In general, these 
terms and the additional terms “silica glass” and “quartz 
glass” are employed to refer to various types of fused 
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silica, and the different terms are employed to indicate 
the degree of transparency of the material. However, 
the terms employed in the present specification are in 
tended to apply to quartz or silica in any _of its known 
forms. Other details regarding terminology, the state of 
fused quartz at various temperatures and so forth are set 
forth in the National Bureau of Standards Circular 569 
on “Fused Quartz Fibers,” issued January 25, 1956. In 
addition, the principles of the present invention are ap 
plicable to other high melting point materials such as the, 
ceramics and other similar‘or related materials having 
melting points of the same order of magnitude as that 
of fused quartz or silica. . ' 
The presen-t invention has been described inconjunc 

tion with a circular torch or combustion chamber, and 
such an arrangement isto be preferred. It is recognized, 
however, that quartz rods of rectangular or square shapes 
could also be processed by »a torch or combustion cham 
ber in accordance with the principles of the present in 
vention, and the combustion chamber would then have 
a generally corresponding shape. 

It is to be understood that the above described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in fthe art without departing from 
the spirit and scope of the invention. 
What is claimed is: 
l. In combination, a combustion chamber having a 

closed end and an open end, means for directing a rod 
of high melting point material through the closed end 
of said combustion chamber along «an axis, toward the 
open end, means for directing llame generally perpendic 
ularly to the axis, outlet means near the open end of the 
cham-ber for providing a forceful peripheral gas jet di» 
rected toward said axis and outwardly from the combus 
tion chamber, a -cooling jacket encompassing at least a 
portion of said combustion chamber, means for coupling 
gas from said jacket to said outlet means, and means for 
supplying -gas under pressure to said cooling jacket, where 
by -the heat transferred from said combustion chamber 
to said gas increases the velocity of the gas jet from said 
outlet4 means. 

2. In combination, a combustion chamber having a 
closed end and an open end, means for directing a rod 
of high melting point material through the closed end of 
said combustion chamber along 4an axis toward the open 
end, means »for directing flame generally perpendicul-arly 
to the axis,said flame directing means being spaced from 
the closed end of said furnace to provide -a preheating 
zone, outlet means near the open end of the chamber 
for providing a forceful peripheral gas jet directed toward 
said axis and outwardly from the combustion chamber, 
a cooling jacket encompassing at least a portion of saidv 
combustion chamber, including said preheating zone, the 
wall between said cooling jacket »and the preheating zone 
o-f said combustion chamber being provided with at least 
one small bleed hole lfor precluding the accumulation of 
silica vapor, means for coupling gas fro-m said j-acket to 
said outlet moana-and means for supplying gas under 
pressure to said cooling jacket. , 

3. In combina-tion, a combustion chamber having a 
closed end and an open end, means for directing a rod of 
high ymelting point material through the closed end of said 
combustion chamber along an axis toward the open end, 
means for directing llame -generally perpendicularly to the 
axis all around said rod, said combustion chamber in 
cluding a preheating zone between said closed end and 
said ñ-ame directing means, said Zone having a length at 
least equal lto the radius of said chamber, means includ 
ing an outlet near ythe open end of the chamber Ifor pro 
viding a forceful peripheral gas jet directed toward said 
rod and outwardly from the combustion chamber, and 
means for bleeding gas under pressure into said preheat 
ing zone of said combustion chamber. 

4. In combination, a combustion chamber having a 
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closed end and an open end, means .for directing a rod 
of high melting point material through the closed end of 
said combustion chamber along an axis toward «the open 
end, means «for directing ilametoward and generally per 
pendicularly bto the axis, means for bleeding air under 
pressure into said combustion Vchamber between said 
closed end and said llame directingmeans, and means 
including a peripheral outlet near the open-end of the 
chamber for providing »a forceful gas jet directed toward 
said -axis and outwardly from the combusti-on chamber. 

5. In combination, >a combustion chamber having a 
first open end and a second end having an aperture, said 
open end being constricted with respect to the cross sec 
tion of said combustion chamber to Vprovide a nozzle, 
said nozzle beingan extension of Ithe combustion cham 
ber, means for directing a rod of fused quartz through 
said -aperture »along an axis toward the open end of said 
combustion chamber, ̀ means for directing flame generally 
perpendicularly to sa-id axis to heat said rod to its melting 
point, and means including a peripheral outlet near the 
open end of Kthe chamber for providing a forceful gas jet .Y 
directed «toward said -axis and outwardly from the com 
bustion chamber through the nozzle. 

6. In combination, a combustion chamber having 'a 
closed end and 'an open end, said open end being con 
stricted with respect to the cross section of said combus 
tion chamber to provide a nozzle, said nozzle being an 
extension of the combustion chamber, means for direct 
ing a rod of high melting point material through the 
closed end of said combustion chamber along an axis 
toward the open end, means for directing flame generally 
perpendicularly to the axis, and outlet means near the 
open end of the chamber for providing a forceful pe 
ripheral gas jet directed toward said axis and outwardly 
from the combustion chamber through the nozzle. 

`7. In combination, a combustion chamber having a 
closed end and an open end, said open end being con 
stricted with respect to the cross section of said com 
bustion chamber to provide a nozzle, said nozzle being lan 
extension of the combusti-on cham-ber, means for direct 
ing a rod of high melting point material through the 
closed end of said combustion chamber along an axis 
toward the open end, means yfor directing llame generally 
perpendicullarly to the axis all around said rod, said com 
bustion chamber including a preheating zone between said 
closed end ̀ and said llame directing means, said zone hav 
ing a length which is at least equal to the radius of said 
chamber, and outlet means near the open end of the cham 
ber for providing a forceful peripheral gas jet directed to 
ward said axis and outwardly from the combustion cham 
ber through the nozzle. _ 

8. In combination, a combustion chamber having a 
closed end and -an open end, said open end being con 
stricted with respect to the cross section of said combus 
tion chamber to provide a nozzle, said nozzle being an 
extension of the combustion chamber, means for direct 
ing la rod of high melting point material through the 
closed end of said combustion charnbel along an axis 
toward the open end, means for directing flame toward 
yand generally perpendicularly, to the axis, and means 
including a continuous peripheral outlet near the open 
end of the chamber for providing a forceful gas jet di 
rected toward said axis and outwardly from the combus 
tion chamber through the nozzle. 

9. In combination, a combustion chamber having a 
closed end and an open end, said open end being con 
stricted with respect to the cross section of said combus 
tion chamber to provide a nozzle, said nozzle being an ex 
tension of the combustion chamber, means for directing 
a rod of high mel-ting point material through the closed 
end of said combustion chamber along an axis toward the 
open end, means for directing jets of premixed fuel gas 
and oxygen toward and generally perpendicularly to the 
axis, and means including an outlet near the open end of 
the chamber for providing a forceful peripheral gas jet 
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directed toward said 'axis and outwardly from the combus 
tion chamber through the nozzle. 

10. In combination, a combustion chamber having a 
closed end and lan open end, said open end being con 
stricted with respect to the cross section of said combus 
_tion chamber to provide a nozzle, said nozzle being an ex 
tension of the combustion chamber, means for directing 
a rod of high melting point material through the closed 
end of said combustion chamber along an axis toward 
the open end, means for directing llame toward and gen 
erally perpendicularly to said axis, said llame directing? 
means including separate jets for fuel gas and oxygen 
having outlets located at common points around said 
rod, and means including an outlet near the open end of 

5 

10 

the chamber for providing a forceful peripheral gas jet 
directed toward said axis outwardly from the combus 
tion chamber through the nozzle. 

11. A combination as defined in claim 10 wherein said 
fuel gas and oxygen jets are concentric. 
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