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0 Claims. 

This invention relates to blowpipes, and par 
ticularly to blowpipes for thermo-chemically re 
moving surface metal from either hot or cold 
metal bodies such as steel slabs, blooms, and 

5 billets. The principal objects of the present invention 
are to provide blowpipes for applying oxidizing 
gas streams and heating flames to surface metal 
which is to be removed from metal bodies, which 

10 blowpipes are transversely narrow so that a plu 
rality of such blowpipes may be arranged in a 
row with their nozzles closely adjacent each 
other; which are also relatively short and Com 
pact; which are highly resistant to flashback; 

15 which have gas passages for conducting gas to 
the nozzle and cooling liquid chambers adjacent 
the gas passages with cooling liquid inlets and 
Outlets so arranged that air or gaS is vented there 
from when the blowpipe is in any position; which 
are provided with a unitary, quickly removable 
device for mixing combustible gas and combus 
tion supporting gas and Supplying the resulting 
mixture to the heating flame passages of the 
nozzle; and which are provided with means for 
supporting and mounting in a desired angular 
relation to adjacent blowpipes in a multiple blow 
pipe holder and protector. 
The above and other objects and the novel fea 

tures of the invention will become apparent from 
the following description in connection with the 
accompanying drawings, in which: 

Fig. 1 is a sectional view of a blowpipe con 
structed according to the present invention, the 
Section being taken through the principal medial 
plane of the blowpipe; 

Fig. 2 is a bottom view of the blowpipe; 
Fig. 3 is an enlarged longitudinal sectional view 

of the heating gas mixing and Supplying device 
of the blowpipe; 

Fig. 4 is a plan view of a row of the blowpipes 
mounted in a holding and protecting shoe; 

Fig. 5 is a view of a section taken on the line 
5-5 of Fig. 4 showing a blowpipe in position in 
the shoe; 

Fig. 6 is a section of a blowpipe similar to 
that shown in Fig. 1 but having a different ar 
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rangement of passages for conducting cooling 
Water; and 

Fig. 7 is a view of a cross section taken on the 
line - of Fig. 6. 

which billets, blooms, slabs, and other steel shapes 
are rolled, have surface imperfections, Such as 
cracks, scabs, and the like, which are rolled into 
the metal. It has been found advantageous to 5 5 

In steel rolling mill operations, the ingots, from 

(C. 158. 27.4) 
eliminate such defects by thermochemically re 
noWing, between rolling Operations, a layer of 
Surface metal from the metal bodies. Such sur 
face metal removal is accomplished by impinging 
a number of adjacent oxygen streams extending 
in a row transversely across the entire surface 
thereof. The streams are directed obliquely on 
the surface toward surface portions to be re 
moved and are advanced longitudinally at a de 
sired uniform rate of speed toward Succeeding 
portions of preheated surface metal to be re 
moved. The oxygen streams react thermo-chemi 
cally with the portions of surface metal that 
have been heated to the ignition temperature, 
the products of the reaction being a metal oxide 
in the form of a liquid slag that is mixed with 
metal that has been melted by the heat of the 
reaction. The slag is washed ahead of the oxy 
gen streams onto the succeeding surface portions 
to be so removed to which it imparts heat and 
assists the preheating gas in raising such metal 
to the ignition temperature so that the reaction 
can proceed faster and with greater efficiency of 
metal removal. Each oxygen stream produces a 
shallow channel on the surface, the row of 
streams producing contiguous parallel channels 
with low ridges between. 
To reduce the ridges, which might contain an 

incompletely removed defect, the oxygen streams 
are caused to Overlap and it has been found that 
despite the overlapping, the efficiency of metal 
removal is greater than that obtained with a 
single stream. To still further reduce the height 
of the ridges with increased efficiency, it is de 
sirable that the Oxygen streams be Smaller in 
diameter and still closer together in the row, 
more streams being used to span a given Width . 
of surface. It has also been found that the height 
of the ridges are reduced if the streams in the 40 
row are oriented at Small lateral angles toward 
each other. Such orientation is preferably to 
ward the central stream or streams of the row 
so that the slag wawe is maintained centrally 
ahead of the streams for greater efficiency, al 
though in some instances it may be desirable to 
orient the streams all to One side and thus pro 
ject the slag away from a previously conditioned 
Surface. 

According to the present invention, a blowpipe 
is provided which, when mounted with others in 
a row, permits the dxygen streams projected by 
the blowpipes to be arranged relatively close to 
gether and at a desired angular relation to each 
other, and also permits the use of a greater num- 55 
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2,220,245 
bored axially therethrough. The axial passage 
is provided with a centrally disposed narrow 
throat portion 49 and a larger lower end portion. 
50. The portion 5 connecting the portions 49 
and 50 is tapered having a small included angle 
and forms with the throat 69 a mixing or com 
bining tube. Above the throat 49 there are three 
portions 52, 53, and 54 substantially equal in 
length but increasing successively in diameter, 
there being square shoulders at each junction be 
tween the portions. A mixing element 55 is dis 
posed within the bores 52 and 53. The element 
has a head 56 in bore 53 which rests on the 
shoulder between bores 52 and 53. The mixing 
element is provided With a long shank portion 5 
extending down through the bore 52 to a point. 
very close to the bottom of the bore 52. The 
forward end of the shank 5 is a plane surface 
58 transverse to the axis of the mixing element. 
A series of radial projections 59 are provided at 
the forward end of the shank to center it accu 
rately in the bore 52. The mixing element is pro 
vided with an axial passage therethrough whose 
forward and longest portion has a diameter Sub 
stantially equal to the diameter of the throat 49, 
the portion 6 of the bore 69, which passes 
through the head 56 being of a smaller size to 
provide a metering orifice for restricting the fow 
of gas therethrough to a desired rate. An ex 
ternally threaded locking ring 62 is provided for 
engaging with the threads of the bore 53 and 
contacting with the end of the head 56. A 
threaded plug 63 seals the end of the bore 53. 
Four radial holes 64 through the side wall of the 
mixing device are provided to admit fuel gas to 
the space between the plug 63 and the ring 62. 
Similarly, four oxygen inlets 65 through the side 
Wall of the mixing device connect with the Space 
78 surrounding the shank 5 of the mixing ele 
ment below the head 56. The lower end of the 
mixing device 29 is threaded for engagement with 
the boss 3. The portion of the mixing device 
surrounding the bore 53 is of a larger diameter 
and threaded to engage with the thread of the 
bore 28. The upper end of the mixing device is 
provided with a hexagonal head 66 below which 
are threads of a still larger diameter for en 
gagement with the threads of a lock nut 6 shown 
in Fig. i. A gasket 68 is interposed between the 

50 body and the nut 67 to prevent the escape of gas 
at this point. 
The form of mixing device here employed pro 

vides a blowpipe that may be very compact and 
yet exceedingly resistant to flashback or backfire. 

55 The acetylene supplied at connection 30 and the 
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heating oxygen supplied at connection 3 have 
substantially equal pressures. The acetylene 
flows through the passage 45 and the holes 64 
into the chamber above the head 56. The acety 
lene on passing through the metering orifice 6 
i? reduced'in pressure by expansion into the pas 
sage 60. The expanded acetylene then passing 
forwardly through the passage 60 is projected 
axially across the gap between the end 58 and 
the bottom of the bore 52 toward the mixing 
throat 49. At the same time oxygen passes from 
passage 46 through the holes 65 into the narrow 
space T8 between the stem 57 and the bore 52, 
which space acts as a metering orifice for the 
heating oxygen, and then through the gap ra 
dially inwardly toward the column of acetylene. 
The oxygen thus impinges on the column of 
acetylene perpendicularly thereto, and on all 
sides thereof before the acetylene reaches the 
mixing throat. There is substantially no injector 

3 
action but it is found that very effective mixing 
takes place. It is not required that either gas 
be at a higher pressure than the other and it is 
quite possible that both gases may max effective 
ly when they are of substantially the same pres 
Sure at the mixing point. Turbulence in the com 
bining tube throat 49 and passage 5 causes a 
thorough mixing of the gases which then flow 
Smoothly through the passage 50 to the chamber 
27 at the inlet end of the nozzle from which the 
heating gases flow through the heating gas pas 
sages of the nozzle which are disposed about the 
central desurfacing oxygen passage therethrough. 
The gases flowing from the heating gas orifices 

of the nozzle produce a very steady heating 
flame. However, should hot slag be projected 
against the end of the nozzle so as to cause a 
backfire, such backfire will first enter the pas 
sages 50 and 5? and the mixing throat 49. The 
high heat conductivity of the walls of the com 
bining tube passage 5 which is surrounded by 
cooling water will extract and dissipate much of 
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the backfire heat very rapidly. The force of the , 
backfire may, however, then project gas up 
through the conduit 60 which is filled with pure 
acetylene, the acetylene being forced backward 
through the constriction 6. A wave of pressure 
may also react backward through the oxygen re 
striction. However, the gas cushion effect of the 
gas passages before these restrictions causes the 
backfire to be dissipated and to drive the burned 
gases forwardly. Out of the blowpipe orifices. If a 
backfire should pass through either restriction, 
it would meet with an excess of the pure gas 
and therefore no combustible mixture would be 
present. 
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When the blowpipe is operating in the upright 
position as shown in Fig. 1, a large portion of the 
heat which may reach the blowpipe is conducted 
by the nozzle 20. This heat is effectively dissi 
pated by the provision of the water-cooling pas 
sages which are very close to the rear end of the 
nozzle. It will be seen that the cold water enter 
ing passage 38 is projected against and thor 
oughly cools the mixing device 29 by Washing 
away a steam film that may form thereon. The 
passage 39 projects water against and thoroughly 
cools the lower forward portion of the chamber 
A close to the nozzle. Air in chamber A is forced 
out through passages 42 into the chamber B from 
which it is vented with the water through the 
passage 44. When the nozzle is mounted in the 
upside down position for desurfacing the under 
side of a billet, the passages 42 are in the highest 
part of the chamber A which fills with water so 
that the mixing device 29 is surrounded by water 
and the water is in close contact with the cham 
ber Walls which are nearest the end of the nozzle. 

For desurfacing an entire side of a steel billet, 
the blowpipes are preferably mounted in a pro 
tecting holder as shown in Figs. 4 and 5. The 
holder or shoe is open at the top, and has a bot 
tom 69 adapted to ride on the surface of the 
billet, and a forward wall 70 through which the 
nozzles 20 of the blowpipes project at the corner. 
between the bottom 69 and the forward wall 70. 
The shoe also has side Walls and a back Wall 
72 adapted to be secured to supporting and mov 
ing mechanisms. The blowpipes are mounted in 
a row with their forward edges substantially 
touching so that the nozzles 20 are closely ad 
jacent to each other. The rear edges of the 
blowpipes are separated from each other so that 
the blowpipes and nozzles are arranged at an 
angle to the central blowpipes, the Outer blow 
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4. 
pipes being at a larger angle. The forward edges 

of the blowpipes are maintained in the de 
sired position by a cross bar 73 whose ends are 
Secured to the wall 7 by screws 74. Pins 75 pass 

5 through the bar 73 and rest in the sockets 8 of 
the front Wall of the blowpipe. The set screws 
19 hold the pins 75 in place. The rear edges of 
the blowpipes are held in place by the engage 
ment of the pins 4 with corresponding sockets 
in the bottom 69 of the shoe and by cap screws 
76 which pass through the holes in the arm 5 
to secure the arm to the upper edge of the back 
Wa 2. 
Another arrangement of passages for conduct 

ing cooling water through the blowpipe so as to 
eliminate substantially entirely all air pockets 
from the chambers A and B is employed in the 
form of the invention illustrated in Figs. 6 and 
7. The construction is similar to that of Fig. 1 
and like parts are designated by the same num 

... bers. The chamber A' however is provided with 
a thickening of the wall or fillet 40 along one 
corner adjacent to the partition 35. The fillet 
extends from the bottom of the chamber A' to a 
point close to the highest portion of the chamber. 
A passage 42 is drilled lengthwise through the 
fillet so as to provide communication between 
the upper part of chamber A' and the portion 43 
of chamber B. On the opposite side of passage 
36, the short passage 42 is provided as in the 
blowpipe of Fig. 1. 
Only one water inlet paSSage is provided by 

the bore 38 which connects the inlet connection 
32 with chamber A' and directs water against the 
mixing device 29. The cross sectional area of 
the passage 38 should be equal to the combined 
cross sectional areas of passages 42 and 42. In 
operation, water will enter through passage 38 

40 at a rate faster than it can pass from chamber 
A' to chamber B through passage 42 alone. 
Therefore, chamber A will fill to the level of the 
end of passage 42, and air will be forced down 
passage 42 into chamber B from whence it will 

4s be vented with the water through passage 44 and 
outlet connection 34. . . 
When the blowpipe is upside down, air in cham 

ber A' is vented through hole 42 into chamber 
B where some of the air may remain trapped. 

50 If desired, such trapped air may be vented by 
inserting a tube (44 through passage 44. The 
tube 44 should reach to a point in the portion 
43 of chamber B. The tube 44 should not fill 
the passage 44 but a space between the wall of 

55 passage 44 and the outside of the tube should be 
provided for venting air when the blowpipe is 
upright. It is preferable that the sum of the 
cross sectional area of the tube passage and the 

60 cross sectional area of the space between the 
tube and the wall of passage 44 should be sub 
stantially equal to the cross sectional area of 
passage 38. When the blowpipe is in the in 

: verted position, he water will rise in chamber 
B and force all air out through the tube (44. It 
will be seen therefore that the chambers A and 
B are maintained substantially filled with cool 
ing water when the blowpipe is used in any 
position. . . 

70. When it is desired to desurface the top surface 
of a square steel billet, the row of blowpipes in 
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the supporting shoe are maintained in the up 
right position shown in Fig. 5 where the billet is 
indicated at TT. The rear wall 72 of the shoe is 

is secured to and supported by suitable mechanism 

2.220.245 
so that the nozzles 20 are maintained in the 
oblique position shown, while the billet and shoe 
move relatively to each other and longitudinally 
along the surface. Either the shoe moves to the 
right at uniform speed when the billet is sup 
ported Stationarily or the billet alone moves to 
the left. During such movement, the shoe 69 is 
preferably maintained in contact with the surface 
of the billet. 
With the blowpipes of the present invention, 

the bottom surface of a billet may be desurfaced 
by Similarly Supporting and moving the shoe and 
blowpipes with respect to the Surface in the in 
verted position. For desurfacing the side sur 

O 

5 
faces of the horizontal billet, the shoe and blow 
pipes are supported so that the principal plane 
of the central blowpipe is horizontal. When it is 
desired to desurface all four sides of a square 
billet simultaneously, the billet is preferably Sup 
ported in the 'diamond' position and four shoes 
with blowpipes are supported in the operative 
relation to the surfaces with the principal planes 
of the center blowpipes making substantially a 
45 degree dihedral angle with a horizontal plane 
through the axis of the billet. 

In any of these positions, the Water-cooling ar 
rangement of the blowpipes is fully effective for 
cooling both the nozzle portion and the heating 
gas mixing device of the blowpipes. In any posi 
tion, no air or gas will prevent Water from con 
tacting the surfaces to be cooled. Because of 
such cooling, the blowpipe construction employed 
may be relatively compact; the gas passages of 
the heating gas mixing device may be short; and 
the flashback resistance of the mixing device 
employed is thus increased. 

It will be understood, of course, that fuel gas, 
other than acetylene, may be employed and 
where the word “acetylene" is used in this speci 
fication, it is intended to include any appropriate 
fuel gas. Similarly, it will be understood that 
the expressions "preheating oxygen' and "desur 
facing oxygen' are employed for convenience 
and because oxygen is ordinarily used for pre 
heating and desurfacing. However, it is not in 
tended to exclude other fluids which might be 
similarly employed. Finally, the expression 
'cooling water' is employed herein because this 
is the cooling fluid now contemplated as appli 
cable to the apparatus. 
tended to exclude other cooling fluids by the use 
of this expression. 
The particular embodiment, here described and 

illustrated in the accompanying drawings, is pre 
sented to indicate how the invention may be ap 

However, it is not in 
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plied. Other forms, differing in detail but not 
in principle, from that here disclosed will, of 
course, suggest themselves to those skilled in the 
eart. 
We claim: . 
1. In a blowpipe, a relatively flat and narrow 

body having a nozzle for projecting a heating 
flame and an oxidizing gas stream toward a metal 
surface portion to be removed; a mixing device 
removably secured within said body, said mixing 
device having an axial bore therethrough, said 
bore having a throat portion and a combining 
tube portion below said throat portion; a mixer 
within said bore above said throat, said mixer 
having a head closing off said bore, a shank por 
tion of smaller diameter than said bore between 
said head and a point adjacent said throat, and 7 

65 

70 

75 



10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2,220,245 
an axial passage therethrough; means sealing 
the upper end of said bore and providing a cham 
ber above said head; passage means within said 
body connecting said combining tube portion 
With said nozzle; passage means Within Said body 
for conducting fuel gas to the chamber above 
said mixer; and separate passage means within 
said body for conducting oxidizing gas to the 
space between said mixer and Said bore. 

2. A blowpipe as claimed in claim 1 in which 
said combining tube portion is provided with a 
relatively thick wall, and means is provided in 
said body for maintaining the Outer Surface of 
said wall in contact with a cooling fluid. 

3. A blowpipe having a flat and narrow body; 
a nozzle projecting obliquely from the lower 
portion of said body, said nozzle having therein 
an axial oxidizing gas passage and heating gas 
passages adjacent said oxidizing gaS paSSage; 
connections for heating oxygen, fuel gas and 
oxidizing gas disposed at the upper end of Said 
body; a removable mixing device disposed with 
in said body having one end projecting ex 
ternally thereof and having a discharge end com 
municating With said heating gas passages; 
passages connecting said heating oxygen and 
Said fuel gas connections With respective por 
tions of said mixing device within the body; two 
chambers for cooling fluid in said body, one of 
said chambers Surrounding the discharge portion 
of said mixing device, and a partition between 
said chambers; a passage through said partition 
for conducting oxidizing gas to said oxidizing 
gas passage of the nozzle; an inlet passage for 
conducting cooling fluid into the upper portion 
of one of Said chambers; an outlet paSSage for 
conducting cooling fluid out of the upper portion 
of the other of said chambers; passage means 
connecting the upper portion of said first-men 
tioned chamber with the lower portion of Said 
Second-mentioned chamber; and other passage 
means connecting the lower portions of Said 
chambers whereby entrapped air may be vented 
from said first-mentioned chamber in any posi 
tion of the blowpipe. 

4. A blowpipe Comprising a unitary body hav 
ing substantially flat parallel side Surfaces, and 
narrow edge portions, the rear edge portion being 
long for connection to a mounting bracket, and 
the forward edge being shorter; såld body hav 
ing an angular bottom projection provided with 
an inclined bore; a nozzle mounted in Said bore 
and disposed in inclined relation to said body, 
the axis of said nozzle being in the principal 
plane of said body; Said body having a Series 
of six steps in its upper edge; a mixing device 
associated with the first step for delivering heat 
ing gases to said blowpipe; a combustible gas in 
let aSSociated With the Second step for delivery 
to said mixing device; a combustion supporting 
gas inlet associated with the third step for de 
livery to said mixing device; a cooling fluid inlet 
associated with the fourth step; a cutting oxygen 
inlet associated with the fifth step for delivering 
cutting oxygen to said nozzle; and a cooling fluid 
outlet associated with the sixth step; said gas 
mixing device comprising a tube exposed to a 
cooling fluid inlet chamber in said body so that 
the inlet cooling fluid is directed against said 
tube; and said cutting oxygen inlet comprising 
a bore through a partition integral with said body 
and separating said cooling fiuid chamber from 
a cooling fiuid outlet chamber SO that the in 
coming cutting Oxygen is also cooled. 

5. A blowpipe comprising a unitary body hav 

5 
ing substantially flat parallel side surfaces, and 
narrow edge portions, the rear edge portion being 
long for connection to a mounting bracket, and 
the forward edge being shorter; Said body hav 
ing an angular bottom projection provided with 
an inclined bore; a nozzle mounted in Said bore 
and disposed in inclined relation to said body, 
the axis of Said nozzle being in the principal 
plane of said body; Said body having a series 
of steps in its upper edge; a mixing device aSSO 
ciated with one step for delivering heating gases 
to said blowpipe; a combustible gas inlet asso 
ciated with another step for delivery to Said 
mixing device; a combustion Supporting gas in 
let, associated with another step for delivery to 
said mixing device; a cooling fluid inlet aSSO 
ciated with another step; a cutting oxygen inlet 
associated with another step for delivering cut 
ting oxygen to said nozzle; and a cooling fluid 
outlet associated with another step. 

6. A blowpipe comprising a flat and narrow 
body; a nozzle projecting obliquely forwardly 
from the lower edge portion of said body, said 
nozzle having a longitudinal Oxidizing gas pas 
Sage and adjacent heating gas paSSages therein; 
connections for combustible gas and oxidizing 
gas disposed at an upper edge portion of said 
body; an oxidizing gas Supply passage extending 
through Said body for conducting oxidizing gas 
directly from one of said connections to the 
Oxidizing gas passage of Said nozzle; a unitary 
removable mixing device arranged to receive 
Oxidizing and combustible gas from Said connec 
tions and having a combining tube disposed 
within said body and positioned forwardly of said 
oxidizing gas supply passage and substantially in 
the same plane with Said nozzle and said 
Oxidizing gas Supply passage, Said combining tube 
having a discharge end communicating With said 
heating gas passages in Said nozzle; a chamber 
for COOling fluid in said body and completely 
Surrounding said combining tube, said chamber 
being disposed forwardly of said oxidizing gas 
Supply passage; and cooling fluid inlet and out 
let paSSages for circulating cooling fluid through 
Said chamber and around said combining tube. 

7. A blowpipe comprising a narrow body; a 
nozzle projecting obliquely and forwardly from 
the lower portion of said body, said nozzle having 
therein an axial oxidizing gas passage and heat 
ing gas paSSages adjacent Said OXidizing gas pas 
Sage; connections for heating oxygen, fuel gas, 
and Oxidizing gas disposed at the upper edge 
portion of Said body; a removable mixing device 
and combining tube disposed within said body 
having one end thereof externally exposed and 
having a discharge end communicating with said 
heating gas passages; passages connecting said 
heating oxygen and said fuel gas connections 
With portions of said mixing device within the 
body; two chambers for cooling fluid in said 
body, one of said chambers surrounding the 
Combining tube portions of said mixing device; 
a partition between said chambers; a passage 
through said partition for conducting oxidizing 
gas directly to said oxidizing gas passage of the 
nozzle; an inlet passage for conducting cooling 
fluid into One of said chambers; an outlet pas 
Sage for conducting fluid out of the other of said 
chamberS; and passage means through Said par 
tition connecting both of said chambers for 
passing cooling fluid from one to the other. 

8. A blowpipe comprising a relatively flat and 
narrow body, having a nozzle holding portion 
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with a nozzle therein adapted to project a heat- 75 
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S 
ing flame and an oxidizing gas stream against 
a metal body; a gas mixing device removably 
secured in Said body and having a combining 
tube portion within said body; means for supply 
ing oxidizing gas and fuel gas to said mixing de 
vice; a passage in said nozzle holding portion 
Connecting said combining tube with said nozzle; 
passage means in said body for Supplying Oxidiz 
ing gas to said nozzle; a cooling fluid chamber 
adjacent said nozzle holding portion and sur 
rounding said combining tube portion; and COOl 
ing fluid inlet and Outlet passages for circulat 
ing a cooling fluid through said chamber, said 
Cooling fluid inlet passages being arranged to 
project cooling fluid directly against said com 
bining tube portion and against a wall of said 
chamber adjacent said nozzle holding portion. 

9. A blowpipe for applying gas to a surface of 
a metal body in any position, Said blowpipe hav 
ing a flat and narrow unitary body adapted for 
mounting it with other similar blowpipes to form 
a closely spaced bank of blowpipes; a nozzle 
projecting obliquely forwardly and downwardly 

30 

35 

from the lower portion of the forward edge of 
Said body; gas supply connections along another 
edge of said body; at least one chamber for cool 
ing liquid in said body; a combustible and oxidiz 
ing gas mixing device in said body having a com 
bining tube portion passing through, said cham 
ber and arranged to receive combustible and 
Oxidizing gas from said Supply connections and 
conduct mixed gas to said nozzle, said combining 
tube portion being completely surrounded by the 
liquid holding space of said chamber; and liquid 
inlet and outlet passage means for conducting 

2,220,245 
liquid into and from said chamber, said inlet 
passage means having a portion positioned and 
directed to impinge a jet of cooling fluid obliquely 
against and along said combining tube portion 
in the direction toward said nozzle. 

10. A blowpipe comprising a flat and narrow 
body; a nozzle projecting forwardly from the 
lower edge portion of Said body, Said nozzle hav 
ing a longitudinal Oxidizing gas passage and 
adjacent heating gas passages extending there 
through; connections for combustible gas and 
Oxidizing gas disposed along an upper edge of 
said body; an oxidizing gas supply passage ex 
tending through said body from One of said Con 
nections to the oxidizing gas passage in said 
nozzle; a unitarily removable mixing device ar 
ranged to receive oxidizing gas and combustible 
gas from said connections and having a combin 
ing tube disposed within said body and positioned 
directly forwardly of said oxidizing gas supply 
passage, said combining tube having a discharge 
end connected with the heating gas passages in 
Said nozzle; a chamber in said body adjacent 
said nozzle and surrounding said combining tube, 
said chamber being disposed forwardly of said 
Oxidizing gas supply passage; a second chamber 
in said body disposed rearwardly of said supply 
passage; passage means around Said supply pas 
Sage providing communication between said 
chambers; an inlet for cooling liquid to one of 
said chambers; and an outlet for used cooling 
liquid from the other of said chambers. 

HOMER. W. JONES. 
JAMES H. BUCKNAM. 
WILGOT J. JACOBSSON. 
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