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3,184,397
THERMOTREATING METHOD AND APPARATUS
Clifiord C. Anthes, Union, John Vilioresi, Lincoln Park,
and Wiiliam C, Poland, Jr., Irvington, IN.J., assignors fo
Union Carbide Corperation, a cerporation of New York
Filed May 292, 1963, Ser. No. 289,156
7 Claims, (Ci. 1586—27.4)

The present invention relates to a blowpipe nozzle or
tip for producing a highly efficient heating flame. It re-
lates, more particularly, to a method and apparatus for
utilizing a supersonic heating flame in conjunction with
metal-treating operations.

For instance, among the various thermo-treating proc-
esses contemplated by the present invention, are: metal
plercing, cutting, welding, flame hardening, or any of
the commercially known methods.

Up to the present time, the most widely-used method
of applying heat to a workpiece by means of oxy-fuel gas
flames has been limited to the use of flames having rela-
tively low gas velocities, and low ratios of oxyeen to fuel
gas. In the following description, we use the term “ve-

locity” in accordance with the accepted practice of meas-~
uring fiow by the formula

¢

- Ta
where v 13 in feet per second, Q denotes quantity of gas
in cubic feet per second, and A is the cross-sectional area
in square feet of the port through which the measured
fluid passes. |

Generally, the typical oxy-acetylene preheat flame,
commonly referred to as a neutral flame, has 2 maximum
ratio (by volume) of oxygen to acetylene of approxi-
mately 1 to 1. For fuel gases other than acetylene, the
ratios commonly used may vary from 1.3 t0 1 to 1.7 to 1
for natural gas, and 3.5 to 1, to 4, to 1 for propane. The
velocity of the mixed gases leaving the nozzle flame ports
generally ranges between 350 and 550 ft per second.
Such low exit velocities are considered essential in order
to maintain the low-ratio gas flames on the flame-ports,
that is, to avoid their being blown oif, a phenomenon
usually associated with higher velocities.

These low-velocity, low-ratio preheat flames are in ac-
cordance with the most popularly accepted theory of pro-
viding effective preheat. This theory is based on the con-
cept that the greater the volume of preheat gases used,
the shorter will be the preheat time required o raise g
metal workpiece to its ignition temperature. In other
words, more preheat gas is supplied and the size of the
preheat flame ports is increased. Little, if any, considera-
tion is given to what has been found to be a far more
important factor in achieving effective preheat, namely,
the combination of the gas-exit velocity and the ratio of
oxygen to fuel gas.

The result of the wide application of this popularly ac-
cepted theory, particularly in the case of oxy-fuel gas
cutling operations using the conventional low-velocity,
low-ratio preheat flames, is that the preheat times gen-
erally required are relatively hish. For instance, in order
o start a cutting reaction in a steel plate at room tem-
perature, 1t is usually necessary fo raise the temperature
of the metal to its “sweat” temperature, approximately
1860° F. Using the aforsmentioned low-velocity, low-
ratio preheat flames, the preheat time required to bring
a steel plate, 12 in. thick or over, to its “sweat™ tempera-
ture varies between 15 seconds and 1% minutes for pierce
start, 1.e., when the cut is started by piercing a hole in the
interior of the plates. For edge starts, 5 to 20 seconds is
usually required depending upon the actual velocity, ratio,
and volume of gases used.

To consider the economic aspects of metal cuiting, for
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many years, during which the cost of materials was the

-primary economic factor, preheat times ranging as high

as 1%2 minutes were accepted in the trade. However,
with the rising cost of labor making man hours the all-
important factor in cost analysis, such lengthy preheat
times have become extremely undesirable. For example,
in mechanized operations the largest percentage of metal
cufs are initiated by the pierce start method which re-
quires the longest preheat time. Combining this mecha-
nized operation with a cutting application on which a
multiplicity of short-length cuts are to made, will result
in the preheat time becoming a large percentage of the
overall cutting time per cut, such that the preheat time
will become a large-cost factor in the operation.

Recent experimental work has led to a clearer under-
standing of the importance of preheat gas-exit velocity,
and the ratio of oxygen to fuel gas, to achieve a more
effective heating flame. It has been found that one way
of increasing preheat flame effectiveness is to increase
the ratio of oxygen to fuel gas in the flame above the
neuiral or molar ratio thereby increasing the flame tem-
perature. This also permits using somewhat higher gas-
exit velocities, which is seen to increase the heat-transfer
rate. However, full utilization of the benefits to be de-
rived from higher velocity flames normally requies the
use of fiame holders, such as low-velocity pilot flames or
skirted nozzles, which maintain the preheat flames on the
flame ports. By utilizing such features, exit velocites as
high as 1000 f.p.s. can be attained. However, these ve-
locities so far have been limited to use with fuel gases
other than acetylene due to the high fuel gas pressures
required in order to achieve such velocities with the torch
and nozzle apparatus commercially available. For the
same reasons, the requirement for high fuel gas pressures
has eliminated the possibility of using these higher gas-
exit velocities with low-pressure fuel gases, ie.: fuel gas
supplied from low-pressure gas lines of about % p.S.1. or
less.

A further disadvantage of the above procedures re-
sides n the auxiliary equipment required to achieve such
velocities. The use of low-velocity pilot flames to majn-
tain the main heating flames on the torch nozzle generally
necessitates either incurring the added expense and com-
plications inherent in the use of two separate gas Sys-
tems fo supply the required fuel gas and oxygen for the
two sels of flames, or the inclusion of gas resiricting
passages leading to the pilot flame ports. The usefulness
of the skirted type nozzle to maintain high-velocity flames
on the nozzle ports is limited by the fact that the effec-
tiveness of the skirt in retaining the flames is a function
of its depth. A skirt which is sufficiently deep to be
really effective in retaining the higher velocity flames is
soon destroyed by these flames. |

It may Dbe readily seen, then, that prior to the present
invention it has been virtually impossible to take full
advantage of the possibility of improving the preheat
flame by the use of high-velocity and high-ratio gas mix-
tures. In the case of acetylene and the low-pressure fuel
gases, it has been impossible to use them at all

It 1s therefore an object of the invention to provide a
more eifective heating flame exhibiting a higher degree of
heat transfer from flame to workpiece. It is a further ob-
ject to provide an improved method for preheating a
metal surface prior to initiating a cutting operation there-
on. Another object is to provide an apparatus for facili-
tating such operation by directing a flow of preheating pas
at supersonic velocities toward the metal surface. A still
turther object is to provide an apparatus for delivering a
flow of preheat gas comprising a mixture of fuel gas and
oxygen at supersonic speeds toward a metal surface, even
though the fuel gas is supplied from a low-pressure source.
As hereinafter used, the term “supersonic” or “supersonic




- flames,”
ured by the prewously noted Q/ A value in excess ot semc
velocities. - .
In the ﬁgures

" FIG. 1 is a longitudinal Vlew in cress sectmn threughi

a blewprpe nozzle;

refers to the exit velocity of preheat gases meas-

- 3,180-397'
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tact When preperly aligned. Referrmg to FIG 1 aad

FIG. 2 is an enlarged fragmentary view in cross-section

of the nozzle dlscharge portion; |
FIG. 3 is an end view taken along line 3-—-—3 ef FIG. 2;

TFIGS. 4 through 8 are graphical representations efthe_

results obfained utlhzmg the disclosed prece S in- metal-
cutting eperatrorls |

In brlef one embodiment of the apparatus ef the inven-

'_trerr contemplates an. elongated blowpipe tip or nozzle

' “having a central axial passage for cutting oxygen, and an 15

annular, longitudinal passage for conducting a preheat gas

énlarged FIG. 2, the central bore 23 of jacket 14, sub-
tstantlally conforms in shape to the profile of the core 12
to define the annular passage 16. The downstream end

of said bore 23 terminates in the cylindrical forward open-

 ing 28 which cooperates with and circumferentially posi~
tions the forward portion of the core 12. Immed1ate1y to

- the rear of opening 28, the central bore sharply increases

10

in diameter to define the shoulder approach 38 to the
~flame ports Whlch extend theref

rom, to the nozzle face and

- which wiil bs herein described with particularity. This

~ mixture toward the nozzle discharge orifice. The inlet end "

of the nozzle is provided with a customary suitable con-

figuration of surfaces for gas-tightedly engaging corre-

sponding surfaces in the head of a blowpipe; the nozzle

20

discharge end is provided with an outlet port for the cut- -

ting oxygen, and preheat gas ports substantially sur--
"Each of the preheat gas ports .
~ at thé nozzle discharge consists essentially of a con-

rounding the outlet port,

stricted, gas-metering inlet, preceded by a tapered pas-
-~ sage for funneling gas thereto, and a forward flame port

 passage of gradually increasing cross-sectional area in

propoition to the dewnstream drstanee frem the metering
~ inlet.. | :

In accordance with the mverltrerr and referrma to FIGS.
1_ and 2, the embodiment of blowpipe cutting nozzle illus-
trated consists of an inner member or core 12 and an outer

jacket 14 substantially surrounding and spaced from the
inner member to define an annular chamber 16 therebe-

35
with suitable seating means such as frusto-conical sur-

‘tween. The gas inlet end of the inner member is provided

approach is preferably formed with_an included angle of
about 120° to inwardly direct gas toward the core mem-
~ ber and to reduce resistance or pressure drep along the

approach to said ports.
The overall nozzle, as above descrlbed represents a

| 'g sneral construction rather conventional in the art of cut-
ting nozzles.

‘The partrcular feature of the present inven-

‘tion by which it derives its utility resides in the unique
discharge portion of the nozzle and more espeerally in the
_configuration of the preheat gas ports 39.

‘As previously mentioned, one method for aehrevmg

faster preheating of a metal to be cut, is to deliver a

25

-provide a greater number of effective heating units.

greater quantity of gas to the cutting area and thereby
‘This
could be accomplished, of course, by providing a suffi-
ciently large discharge port or ports, and/or by increas-

. ing the gas pressure required to- achieve a desired increased

-~ flow. However, the e

30

face 18 which may be brought into gas-tight relationship

. with the blowpipe head to provide a flow of cutting oxy-

gen to the central passage 20. Oxygen from this central
passage is normally directed onto a metal surface which

has been sufficiently preheated fer cuttmfr or metal Te-
moval purposes.

A second frusto-conical surface 22 substantlally con-"

eentrle with -said first frusto-conical surface, likewise

engages the blowpipe head to form a gas-tight seal for

‘preheat gases. This gas mrr;ture -according to practice,
‘may consist of a fuel gas such as acetylene, propane, or

natural gas, and a combustion-supporting gas such as
A plurality of bores or passages 24 provide -
- means for conducting preheat gas from the blowpipe head -
to the annular chamber 1§, These passages may form a.
ring about the central oxygen passage and are preferably
- equi-spaced to prcmote unrfermrty of ﬂew of preheat gas

oXygen.

 1nto said chamber. |
-The jacket 14 eemprrses an elengated cylmdrlcal mem-

- ber having a central bore 23 which tapers toward the'_
nozzle discharge end, and terminates in a short cyhndrlcal

“opening 28, The shert cylindrical epemng 28, which is
often termed a “skirt” is not required when the fuel gas

used is acetylene, and in such case, the nozzle front
- face would be formed flush with respect to the forward

face of core 12. Thus, the jacket 14 would not extend

~ these preheat flames are delivered to the workpiece.

Tectiveness of preheating flames
has been found to be much less a function of the volume

of preheat gases dellvered to the metal workpiece, than

the velocity and ratio of oxygen to fuel gas at which
Pri-
marily, we have found that by utilizing certain oxygen to
fuel gas ratios, dependrng on the part1cular fuel gas, and

by delivering t_he preheat gas mixture at velocities of about

1000 feet per second, we can reahze a much reduced pre-

~ heat period.

 Is approximately 2 to 1.
50

- The preferred method of the invention eomprlses essen-
tially the combined use of highly oxidizing flames charac-
terized by a high oxygen to fuel gas ratio delivered at

- supersonic gas velocities for preheating a metal surface.

The eptrmum ratio of oxygen-to-fuel gas, as mentioned

‘above, varies from fuel gas to fuel gas and is that ratio -
- which provides the highest flame temperature.
_.ample tests have shown that the most effectivé mnatural

For ex-

gas preheat flames, as measured in terms of the preheat
time required to- initiate the cuttrng reaetlon, are pro-
duced when the exygen—te natural gas ratio (by volume)
This is graphically illustrated

in FIG. 4. From this ﬂraph it will be seen that for the
‘same cendltrens—-namely, pierce starting on 2-in. plate

-~ with a preheat gas Veloelty of 1000 f.p.s. and natural gas
~flow of 65 c.f.h., raising the oxygen-to-natural gas ratio

) |
) |

60

forwardly beyond the forward end of core 12, as shown

in FIGS. 1 and 2. The jacket

member 12: when properly assembled, the jacket 14 bears
rearwardly against a peripheral shoulder 26 on said mem-

iember 14 is disposed
substantially -concentric with and surrounding the Inner

“ber 12, forming a gas-’ught connection to axially position

the respectwe members in the blowplpe head Conven-
- tional rastemng means such as a ring nut, not shown in-

" the figures, may be employed to retain the two-piece
-nozzle with su

assure proper passage of oxygen and the preheat mixture

ficient firmness in the blowpipe head to

from the almost umversally used 1.7 to 1 to 2.0 to 1

results in a decrease in preheat time from 12 seconds to

less than 5.5 seconds, or in effect, a decrease of over 50
- percent.
~ of oxygen-to-natural gas is increased beyend 2.1 to 1, the
_preheat time begins to increase, primarily due to the

Agaln referrlng to the curve, when the ratio

effect of the excess e.aygen which tends to cool the flame.

o Srmrlarly, as shown in the curve of FIG. 5, a reduc-
- tion in preheat time is realized when the ratio of oxygen-
_ to-natural gas is held constant at 2 to 1, and the exit-gas
- velocity of the preheat flames is mcreased We have

determined from the results of the tests, as indicated by
the curve, that there ‘appears to be decr easing, if any,

'advantage cained by increasing the gas velocity beyond
1600 f.p.s., and the largest percentage of preheat time re-

0

duction is achieved at about 1000 feet per second. =
For comparison purposes, the curve shown in FIG. 6,

 illustrates the relatwely minor effect on the preheat time

. realized by merely increasing the volume of gas flow;

without leakage. The forward ends of the respeetrve inner

and outer members are so fermed as te be in shdmcr con- - 7,3 fuel &,as ratle, and e‘ﬂt—gas velemty

this is contrasted to the combined effect ef oXygen-to-
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Though natural gas, due to its cost advantage, is the
most widely used fuel gas at the present time, propane and
acetylene are also still widely used for many applications.
Cur tests have shown that an oxygen-to-propane ratio of
about 5 to 1, as shown on the gravh in FIG. 7, produces
the most effective oxy-propane preheat flames. It has
also been determined in this respect that an oxveen-to-
acetylene ratio of 1.5 to 1 produces the most effective oxy-
acetylene flames. Af these prescribed ratios, the flame
temperatures are maximum.

In each instance, as noted above, about 1080 f.p.s. has
been determined as the most practical exit-gas velocity
since the most practical reduction in preheat time, occurs
at approximately this velocitv. Further, there is the
added advantage that this velocity can be readily attained
utilizing the disclosed nozzle of the invention sven with
acetylene and the low-pressure fuel gases maintained at
supply pressures of about ¥ p.s.i. and less.

The increased rate of heat transfer realized by virtue of
the preheat gases exiting from the flame ports at su
sonic velocity, and the resulting reduction in preheat time
required to initiate the cutting reaction, are due in part
to the more intimate contact of the hot gas molecules
with the surface of the workpiece due to their high veloc-
ity. This more intimate contact results in a scrubbing
action along the work surface, which tends to more rap-
idly displace the cooler gases from the surface.

ihe increased effectiveness of the oxidizing preheat
fiames, as measured in terms of decreased preheat time, is
not only the result of the higher flame temperature, due to

- = -y
r I T
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the presence of the greater quantity of oxygen, but also

to a chemical combination of a portion of this oxygen
with the metal of the workpiece. It has besn noted, for
example, that the chemical oxidizing reaction takes place
at the earliest possible time after start of preheat and cre-
aies a rapid heat rise in the metal. Consegunently, it is
no longer necessary for a metal such as steel to be br ugat
up o a “sweat” temperature of about 18G0° F. before
rapid oxidation of the metal takes place. With the high-
ratio, 1.e., high oxygen-to-fuel gas ratio, preheat flames
of the invention, it has been found that the actual cutting
reaction takes place auntomatically at a temperature of
about 1400°, and furthermore, the process has the added
advantage of being clearly discernable by the operator.
‘Therefore, even an inexperienced operator will know ex~
actly the instant that the cutting oxygen should be turned
on. Anoiher even more important factor in promoting
this hugher heat-transfer rate with the supersonic velocity

hot gas molecules, is the greater mass conceniration of
- heat per unit area of work surface being heated.

1he rapid preheat made possible by the use of pre-
heating gas exiting from the flame ports at supersonic
velocities and at high ratios of oxygen-to-fuel gas accord-
ing to the inventicn has resulted in preheat times of fGve
seconds or less for pierce starts on all ferrous metal thick-
€888 01 Y2 1n. or over. For example, a pisrce start was
made in the interior of a 2-in. thick ferrous metal plate
vsing 25 c.ih. of acetvlene at an oxygen-to-acetylene
ratio ¢f 1.5 to 1 and a velocity of 1000 fp.s. in 1.1 sec-
onds. A similar pierce start was made using 30 c.f.h. of
prepane al an oxygen-to-propane ratio of 5 to 1 and a
velocity of 1CG00 f.p.s. in 3.4 seconds.

Rererring again to FIG. 1, in order to obtain the de-
sired supersonic preheat gas velocity at the nozzie dis-
charge, it has been found that the discharge coefficient
of any preheat gas cutlet orifice is an important factor.

erm “discharge ceefficient,” as we utilize it and as

+ L
O3 I
St =

-

bl |

nozzle as determined by the ratio of actual flow through
tiie nozzie divided by the theoretical flow, the maximum
coefiicient of course being 1.0. For instance, in conven-
tional nozzles, it is not unusual to have gas ports in which
the coefficient of discharge is about 0.5 to 0.6, but in such
an Instance, in order to achieve supersonic velocity dis-
charge, 1t is necessary to increase the gas gage pressure

s generally accepted, refers to that characteristic of the

G2
VY |

it
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a2 discharge coefficient approaching 1.0 (0.9 or betier)

to 20 or 30 p.si. We have found that with the presently
disclosed preneat gas outlet in which the discharge coefii-
cient approaches 1.0, it is possible to obtain a velocity
of 1600 f.p.s. and upward with nozzlé head pressures as
low as 14 p.s.d. This is particularly advantageous when
a low-pressure fuel gas supplied from a line at ¥4 p.s.i.
or less is used as the fuel source. With the advent of
more efficient injectors in torch apparatus, it is now pos-
sible to aspirate the required low-pressure fuel gas flows
into the mixed gas stream in the torch apparatus, against
a developed head pressure in the nozzle of 14 to 15 p.si.
Thus, the preheat flame port confisuration of the inven-
tion, having a discharge coefficient approximating 1.0
{0.90 or better), makes it possible to quite readily achieve
supersonic preheat gas discharge velocities when using
the low-pressure (Y2 p.s.d. or less) fuel gases.

Of course, generally speaking, critical velocity of any
gas may Le attained across the mouth of an orifice or port
by adjusting the gas pressure such that the absolute pres-
sure upsircam of the mouth of the orifice is equal to or
greater than 1.89 {imes the absolute pressure downstream -
of the mouth of the orifice. This requires a minimum of
approximately 13.5 p.si. gage upstream of the mouth of
the oriiice when discharging to the atmosphere. In the
case of the conventional cylindrical type of preheat ports,
for which the discharge coefficient is between 0.5 and 0.5,
the pressure drop through the cylindrical section of the
port anead of the mouth must be added to the 13.5 P.S.1.
mouth pressure to arrive at the total upstream pressure -
abzad of the orifice required to achieve the acoustic
critical velocity of the gas across the mouth of the orifice.
In the instance of oxygen, the acoustic critical velocity
is approximately 980 feet per second . o

The configuration of the preheat port of the invention,
which constitutes an essential feature, is the fact that the
length of the metering inlet has been kept to an absclute -
minimum. This inlet, essentially a point as measured on
the longitudinal axis of the port, results in an orifice having

Thus, the pressure drop through the orifice itself is vir-
tually eiiminated. Consequently, the pressure upsiream
of the orifice and the pressure upstream. of the mouth of |
the orifice, are one and the same such that an upstream
pressure of only 13.5 p.s.i. will produce critical velocity
flow through the preheat ports of the iavention.

As shown in FIGS. 1 and 2, the discharge end of the
inner member 12 is provided with a plurality of grooves
32 formed into the periphery of said member to surround
the central oxygen port 28. The grooves extend rearward-
Iy into annular passage 16 and are preferably tapered in-

wardly toward the central axis of member 12 on the order

of 1° to 3° as indicated at angle a® of FiG. 2 to provide
for controlled Iateral expansion of existing gas streams.

The peripheral grooves 32, as here shown, may be
formed with a roughly triangular or V cross-section having
a radius botfom; alternately, though, they may be formed
with a flat or curved botiom such as a U-shaped groove
would provide. The grooves may be internally formed as
shown on core iI2 or may be externally formed on the
inner wall of the jacket 14. Tt is escential In any event
that the groove be so formed as to provide an expansion
chamber having a configuration in which the flame port
passage or chamber 39 defined by the groove and the sur-
face 4% of forward opening 28 on the jacket 14, is of par-
ticular proportions. For Instance, in order to permit

-supersomc gas velocities to be achieved by the preheat

gas stream as it emerges downsiream of the metering inlet
point 34 and into the flame port passage or expansion

- chamber 39, the said passage 3% must gradually widen in
0

cross-sectional area such as provided by taper a°, to permit
controlled uniform lateral expansion of the preheat gas

- siream. This controlled expansion provides for a uniform
velocity buildup exceeding the gas’ critical velocity, On

the cther hand, though, if the passage 3¢ is too divergent,

the siream will have a tendency to collapse due to over



o flow velocity. -

- .1in- an excessively long port.

_e,apafas:[en: of the gas, which action producés turbulent flow

along the gas strea:

m’s 'eu.ter- edcre. and' ef 'eourse 'deereaSes ?_

By meerperatme in a nozzle the t.VPe of preheat pas-- B

. 'sage shown in FIG. 2, it has been found that when the
outer passage wall 38 is substantially parallel to the nozzle:

central -axis, a taper of about 1° and nof exceeding 3°
-will afford: the V-shaped -passage

-the passage to widen tco abruptly-and as a consequence

~over expansion of the gas stream will result in a decreased
flow velocity. By maintaining the outer passage. walli 30
- relatwely parallel to the nozzle ceniral axis, controlled

expansion -of the gas stream is substanﬂally confined to 2

radially inward directon toward the nozzle central axis.

Thus, the preheat flames tend to converge toward a point
- forward of the nozzle and thereby localize the concen-

* tratlen of heat on the plate surface.

It has been found that not only does the cross- sectlenal -
- area of the expansion passage 39 constitute a vital factor .
 in preheat gas velocity, but the length L of said passage

as measured between the metering inlet point 34 and the
outer face 42 of core 12 is important.

39, a sufficient rate of
increase in cross-sectional area to permit the desired con-

trolled expansion of the preheat gas as it leaves the meter-
.. ing pert 34 so as.to achieve uniform veleelty buﬂdue to
. supersonic velocity. A taper in excess of 3° will permit =

Best results in

- _ward eyhndrleal opening 28.
~ inwardly biased toward the core axis, the metering inlet
| _-eens‘i:futes the smallest cross-sectional area of a ﬂa*ne

10

fhe meterma inlet 34 is lecated in the chamber 2

.feund that the disposition and nature of
~inlet 34 is one of the most. pertinent factors of the inven-

In ach;evmﬂ supersonic frehea‘f-veleemes we have
the - metering
tion. For example, and referring to FIGS. 1 and 2,

point where the appleaea or shoulder 38 meets the for-
“In that the grooves 32 are

port and is in effect a section with- no actual. length at

- ‘iniet.

all.

In reducing the critical metering inlet passage length
e} easentlally a point, pressure loss, due to friction as
the gas passes’ threugh the - mea,ermfr inlet passage, has
been reduced to virtually zero. . Therefore,  13.5 p.s.d.

- pressure 1m;11ed1ate1y upstream of the metering inlet point

34 will result in critical velocity through the metermg
Consequently, an available pressure of 14 psi.,

- in combination with the relatively short narrew-angle B

 terms of outlet velocity are obtained when the head pres-

. linear dimension at the metering inlet point 34 is within
- the range of about 2 and 4 to 1.
 may.be referred -to as the aspect ratio, the Y42 p.s.i. pres-.
. sure excessive of the required 13.5 p.s.i. to produce critical =
. - Said pressure, in combination with
- the controlled divergent port passage section, serves to in-.

- With this ratio, which

velocity, is_available.

- crease the velocity of gas discharging from the ports, to a

N supersemc value (above critical velocity), rather than be-- )

mg. utilized to overcome friction that would be present - .

FIG. 3, if the height “A” of each groove, as measured at

For-example, referring to

40

the metermg inlet point 34, is approximately . %e of an "~
inch, a proper length L for the flame passage 30 i 18 Wlthlll S

the range of about %3 to %6 of an inch.

Tt should be clearly understood at th1s pemt that the'

we have shown the preheat openings 30 as formed- by

grooves 32, the openings may alternatwely be formed by a

plurality of spaced drillings. In such case, however, the
relationship of the length L to the largest dimension across

- divergent passage downs:
20

. 'frere the preheat flame ports. R -
 While the respective preheat gas ports, as herein
eeaerlbec. are defined by cooperating core and outer mem-
) bers it ehele be understood that the unigue port con- -

ream of the metering inlet; will
assure the desired supersonic VElOCItY of gas dlseharge

figuration is not limited to nozzles having multiple ports:

. - sure immediately upstream of metering point 34 is about. L
14 p.sd. and the ratio of passage length L to the largest

- but may readily be incorporated into unitary type nozzles.

For example, the preheat passages of a single piece nozzle -
may constitute- a plurality of bores extending longitu-

~dinally through the nozzle and. termmatmg at the dis-

charge face in flame ports as herein described.

In such

" an instance, the flamme ports may be fashioned having a -

- circular cross-sectional metering. inlet. pemt and expan- < -
sion chamber, by a reaming or swaging operation.- Here-
" to, the expansion. passage is provided with the desired
5 degree of taper to assure controlled lateral expansion, and
- the. preferred Ienﬂth as aependent on’ the metermg mlet

“point diameter.

One of ithe advantaﬂ'es of the methed and apparatua*'_'

of the mventlen 15 that ad]ustmg the gas ratio for the

most. € Thus,

Tective preheat flames is a sunple matter.

“even the most inexperienced operator is assured of achlev-

ing the most effective preheat without recourse to flow-

meters, or similar devices, in the gas supply hnes Te"_'
adjust ihe preheat flames to the proper ratio, it is merely

‘necessary fo start with a flame on the fuel-rich side hav-

ing apprommately the desired volume of fuel gas.

The

- OxXygen su_pply is then gradually increased until the flame

- the passage 30 at the metering inlet point should be main-

{ained. - The aspect ratio, as it is termed, should be main-
tained between about 2 and 4 to 1, regardless of the shape
,ef the d1scharge openings.

~ing inlet point is determined by dividing the designed flow

50

T'he proper area at the meter-

‘rate by the desired velocity of about 1, 000 f.p.s. or higher.
An unexpected advantage. resadmg in the umque com-

_~_ bmatmn of features present in the nozzle, is one which
* permits retention of the flame at the dlscharge end In spite
This is accomplished by-

o of supersonic exciting velocities.
proper positlioning of the IIIdIVIdUEll preheat ports with

- respect to each other.. The close, ring-like disposition, as
60
- where the inner cones of the- preheat flames just touch

 shown in FIG. 3, permits-the flame from one port to hold
the flame of adjacent ports so that there is a mutually
- ‘Satisfactory flame reten~
- tion is also fostered by virtue of individual flame port di-
~vergency, as. previeusly mentioned, a certain degree of

supporting beneficial action.

taper or divergency is essential to permit controlled lateral

expansion of the gas stream, but it has been found that

~ the fringe of each stream is sufficiently retained to a:
- a penpheral film which flows-at a velocity less than super-
sonic. This film, in effect, has a rate of discharge below
‘the rate of ﬂame propagatlen fi}l the partleular p*'eheat

- gas mixture,

- Also,. wﬂh respect to the oas mlxture beeause of the
. high oxygen-to-fuel gas ratio utilized, |
. propagation is increased and eensequeatly the .teadeney._ |

~ for the ﬂame to blow off the nozzle is reduced

the rate of flame

defining the inner comnes are at their shortest length and =

additional oXygen causes them to start to lengthen out |
again, The proper ratio of ad]uetment is at that point
where the flames are.shortest on the fuel-rich side. . An

improper seiting of the preheat flame cones will fan out
from the center line of the nozzle.

when properly adjusted, the flames fall in- ‘symmetrical

Om -the other hand,

alwnment around the eattmﬂ jet and are well fermed-
pointed cones. -

1In addition, it has been feund that the leeaden ef'

| __.tne tlp of the flame  cones with respect to the surface

- of the workpiece is:an important contributing factor in

achieving the most effective preheat The 0pt1mum Joca-
tion, that is, when preheat fime is at a:minimum, occurs

~ the surface of the plate being heated. The flame cones
- impinging on the plate by as little as %6 in. or off the
surface as liftle as 3¢ in. wiil reésult in an 1nerease in _'

'_ 'preheat time of as much as' 30 percent.

Tord - blowplpa nozzle not only provides for gTeatly reduced

preheat times of five seconds or less, for pierce starts in -
~ the interior surface of a ferrous metal plate to be cut,

~Practicing the method of the invention usmg the nevel’_ N

but also permit. msfantaneeus edge startmg, assuming that

the starting edge is reladvely sharp.” This means that for

edge starting a. relatwely simple proeedure is followed in

” meehamaed cuttmg For example 1t 1S enly necessary

te set. the preper speed on the cuttmﬂ machme to that

T¢.at that -
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preneat and cutiing reactions start simultanesously,
with no pause or hesitation as is normally required to
iniliate the cut.

A ifurther advantage derived from the employment
of such rapid heat transfer and pin point conceniration
of heat over a very short period, metal warpage is sub-
stantially avoided. This is, of course, noteworthy for
thin gage or sheet metal cutting.

Another advantage residing in the use of supersonic
gas veloctty through the preheat port is the fact that
generally for plate thicknesses in excess of ¥4 in., thick-
ness itself 1s mot a factor effecting preheat time. In
other words, the preheat time recuired to initiate the
cutting reaction is entirely independent of plate thickness
and remains the same for all thicknesses greater than
Y2 inch. In the instance of prior art low-velocity, low-
ratio preneat, the preheat period is considerably longer
and therefore causes a wasteful dissipation of heat by
conduction through the workpiece. Thus, with the prior
art prebeat methed, plate thickness is more of a con-
tribuiing factor in the total preheat time in that the
thicker the plate the longer it takes to preheat it. Also,
tor cutting application, the high-ratio supersonic velocity
fianes provide the shortest possible preheat time in order
to initiate the cutting reaction. Once the cut is started,
the preheat flames may be cut back to provide the desired
soft flame to carry the cut and preserve good cut quality
and provide a sharp top edge on the kerf.

It is understood that the method and apparatus Lerein
disciosed and described accomplished a decided improve-

in the art of therme-chemical metal removing; it
¢ apparent that modifications in the unique method
nozzle may be made without departing from the spirit
cope of the invention.
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417, fited April 28, 1960, and now abandoned.
V/bat is claimed is: |
1. Method for thermotreating a metal surface by di-
recting thereon heating flames which comprises, providing
2 combustible gas mixture, at least a portion of said
mixture being a low-pressure fuel gas, forming said gas
mixture into a stream under a head pressure up to about
15 p.s.ig., constricting said stream at a constricted meter-
ing inlet having essentially no horizontal length to In-
crease the velocity thereof to the critical velocity of said
gas mixture, thereafter permitting controlled lateral ex-
pansion of said siream and directing said stream toward
the surface to be treated. |
2. Method for thermotreating a metal surface by di-
recting thereon heating flames which comprises, providing
a combustible gas mixture consisting of a fuel gas chosen
from the group consisting of acetylene, propane and natu-
ral gas together with a combustion supporting gas, form-
ing said mixture into a stream under a head pressure up
to avout 15 p.si.g., constricting said stream at a con-
stricted metering inlet having essentially no horizontal
length to increase the velocity thereof to a value approxi-
mating the critical value of said gas mixture, controllably
expanding said stream downstream of the constricted
metering inlet to provide said stream with a velocity ex-
ceeding said critical velocity and directing the flames pro-
duced by the ignition of said stream upon the surface to
be treated. | |
3. In a nozzle having a discharge face for thermo-
chemically treating a metal surface by directing thereon
heating flames produced by an ignited supersonic velocity
stream of a combustible gas mixture issuing from the
nozzle discharge face, at least a portion of said gas mix-
ture being a gas supplied at low pressure, said nozzle
comprising: an eicngated member having a gas inlet end
in opposed relation to the discharge face, a passage means

21s 13 a continuation-in-part of our appiication Serial
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communicating said inlet end with the discharge face for
directing a flow of the combustible gas mixture thereto,
means defining an orifice at said face, means defining a
throat rearward of said discharge face, said throat adapted
to receive a flow of gas from the passage, said throat hav-
ing mwardly convergent walls to direct said gas flow fo
a metering inlet having essentially no horizontal length
constitufing the smallest cross-sectional area of the throat,
an expansion chamber extending forward of said metering
inlet and having outwardly divergent walls to provide an
increasing cross-sectional area toward the discharge face,
said orifice characterized by a discharge coefficient within
the range of 0.9 to 1.0. | S |

4. In a nozzle having a discharge face for thermo-
chemically treating a metal surface by directing thereon
heating flames produced by an ignited supersonic velocity -
siream of combustible gas issuing from the nozzle dis-
charge face, at least a portion of ‘said mixture being a
gas supplied at low pressure, said nozzle comprising: an
elongated member having a gas inlet end in opposed rela-
tion to the discharge face, and a chamber formed therein
adjacent the discharge face, passage means commaunicat-
ing said gas inlet with said chamber, means forming a
plurality of orifices communicating said discharge face
with the said chamber, said orifices being circularly ar-
ranged to converge the gas streams issuing therefrom at

a point forward of said face, means defining a throat

rearward of said discharge face, said throat opening into
said chamber, said throat decreasing in cross-sectional
area to a metering inlet constituting the most constricted
poriion of the throat, an expansion chamber commencing
af sald metering inlet and having outwardly divergent
walls to provide an increasing cross-sectional area toward
the nozzle face, said orifice characterized by a discharge
coeflicient within the range of 0.9 to 1.0.

5. In a cutting nozzle for thermo-chemically treating
a metal surface by directing against said surface a pre-
heating flame produced by an ignited supersonic velocity

stream of a combustible gas mixture, a portion of said

mixiure being a fuel gas supplied at low pressure, said
nozzle inciuding a gas iniet end and an opposed discharge
face and comprising: an elongated jacket having an axial
bore extending therethrough, a core coaxially registered
in said bore to define an annular passage therebetween,
passage means in said core communicating the gas inlet
with the discharge face fo conduct a flow of oxidizing
gas, means forming a plurality of orifices communicating
the annular passage with the discharge face, said orifices
surrounding said passage means to form a plurality of
circularly arranged outlets at the discharge face, each of
sald orifices being formed with its axis inwardly directed
to converge the preheat flames issuing therefrom at a point
forward of the discharge face, means defining a throat
rearward of said discharge face, said throat adapted to
recetve a fiow of gas mixture from the annular passage,
said throat being formed by inwardly tapered walls to
converge the gas flow at a constricted metering inlet con-
stituting the smallest cross-sectional area of the throat,
an expansion chamber downstream of said metering inlet
to receive a high velocity constricted flow of gas there-
from, said expansion chamber having outwardly divergent
walls to provide an increasing cross-sectional area to-
ward the discharge face, the length of said expansion
chamber between the metering inlet and discharge face
being about 2 to 4 times the largest distance across said
metering inlet, the lensth of said metering inlet being
substantially without dimension. |

0. In a cutfing nozzle for thermo-chemically treating
a mefal surface by directing against said surface a pre-
heating flame produced by an ignited supersonic velocity
stream of a combustible gas mixture, a portion thereof
being a fuel gas supplied at low pressure, said nozzle
comprising: an elongated outer jacket having at one end
a gas inlet and at the other end a discharge face, said
jacket having an axial bore extending therethrough, said
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| bo;re termmatmg in a cylmdrlcal openmﬂ at the ]acket

- forward .end, a core coaxially registered in said bore to
. . define-an annular passage, said passage being terminated -
- rearwardly adjacent the nozzle face, means forming a

~ passage extending through said core communicating the

"’"2

g convergent and dwergent walls respectwely to deﬁne a

_gas inlet with the discharge face to conduct a flow of
ox1d12:1ng gas, the dlscharge face of said core termlnatmg |

in a recess from the extreme forward end of said jacket,

‘the forward- -portion of said-core having a diameter slightly - -

smaller than the jacket cylmdrlcal epenln

-_ said core for-
- ward portion being slideably received in- sald opening and

10

- closely fitted therewith, a plurality of grooves formed

- heat gas streams, each of said orifices bemg formed with
its axis directed to converge the gas streams issuing there-
from at a point forward of the nozzle face, means defin-

- into said core forward portion extending to the: face, o
~ thereof, said -grooves-together with the jacket forward
opening defining a plurality of orifices for conducting pre-

- ing-a throat rearward. of said- -discharge. face, said- throat .

having convergent walls to. receive gas from the annular

20

- passage, -and an expansion- chamber having outwardly o

- divergent walls which terminate in a recessed. outlet at
the core face, said throat and expansion chamber being

 joined: at the smallest cmss—sectmnal area of each of said '- |

-metering inlet, the length of said expansion chamber be-

tween the dlscharge face of the core and the metering

inlet bemg from 2 to 4 times the Iargest dlstance across
the opemng at the metering inlet. - -
~ 7.-In a cutting nozzle substantlally as descmbed in
~claim 6 wherein the core forward portion is provided with
~a plurality of adjacent longitudinal grooves having a V

shaped cross-section, said grooves being inwardly tapered

at an angle between 1 and 3 degrees, to deﬁne the dwer-
gent wall eapansmn chamber - : | -
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