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Patented Sept. 2, 1958 

2,850,324 
NOZZLE AND CONTR50 ASSEMBLY FOR THE 
NTRODUCTION OF FLUD MATERAL INTO A 
HEATED CHAMBER 

Theodor Eduard Suess, Linz-Spailerhof, Austria, assignor, 
by mesne assignments, to Wereinigte Osterreichisciae 
Eisen- und Stahlwerke Aktiengesellschaft, Liaz, Aus 
tria, an Austrian joint-stock company 

Original application January 16, 1951, Serial No. 206,146, 
now Patent No. 2,794,681, dated June 4, 1957. Di 
vided and this application February 14, 1957, Serial 
No. 652,644 
Claims priority, application Austria January 31, 1950 

4 Claims. (C. 299-107) 

This invention relates to the introduction of materials 
into the heated interior of devices, such as reaction cham 
bers, furnaces, converters and the like, and it has par 
ticular relation to a system and procedure of this type, 
in which nozzles are used for the introduction of said 
materials into Such devices. 
This is a division of the Theodor E. Suess application 

Serial No. 206,146, filed January 16, 1951, now Patent 
2,794,681. 
The main object of the present invention is to avoid 

disturbances caused by leakage or similar defects oc 
curring in the nozzles and parts or elements connected 
therewith, used in the before mentioned systems or pro 
cedures. 

It is also an object of the invention to provide means 
adapted to automatically bring about adjustment of the 
operation of nozzles used in devices of the before men 
tioned type, in accordance with differences of the tem 
peratures and/or amounts of cooling fluid supplied t 
and discharged from the nozzle. - 

Other objects and the advantages of the invention will 
be apparent from the following specification and the 
appended drawing which disclose by way of example, 
and without limitation, some embodiments of the inven 
tion. 

In the use of nozzles for introducing liquid, vaporous 
or gaseous substances, such as fuel, chemically acting 
ingredients, gases and the like, into a space of high tem 
perature, for example a reaction chamber, furnace, com 
bustion chamber, converter or the like, the nozzles are 
usually subjected to cooling by a liquid medium, par 
ticularly water, in order to prevent or reduce the harm 
ful effect on the nozzles, of such high temperatures. 
However, as a result of chemical corrosion or as a result 
of different thermal expansion of the cooled and not 
cooled parts of the nozzles, leakage may occur in the 
nozzles and/or their cooling jacket. 
cause not only disturbances in the functioning of the 
nozzles and the processes in which the nozzles are used, 
but they may even result in the formation of explosive 
mixtures in the reaction space or the like, into which 
the nozzles are discharged. - 

It is in many cases difficult or impossible to find and 
repair the leaking spots, because, owing to the type of 
mounting the nozzles in the apparatus used and owing 
to the presence of flames, smoke and the like in such 
apparatus, the discharge openings of the nozzles are in 
most cases not accessible to observation during opera 
tion. 

It has now been found that the above mentioned de 
fects in nozzles and parts connected therewith, can be 
easily discovered and the dangers resulting from the 
defects can be eliminated by constant observation and 

Such leakages may 
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2 
registration of the temperature and quantity of the cool 
ing medium fed to and discharged from the nozzle. 

In case of a leakage in the nozzle, the temperature 
of the discharged cooling liquid rises relatively quickly, 
while the quantity of the discharged liquid decreases. 

According to the present invention, the increase of 
temperature of the discharged cooling liquid, over the 
temperature of the cooling liquid supplied to the nozzle 
and/or the decrease of the amount of the discharged 
cooling liquid in comparison to the amount supplied to 
the nozzle are used for controlling the flow of the cool 
ing medium and/or the flow of materials supplied 
through the nozzles. 

In carrying out the invention, devices for measuring 
said differences of temperature and amounts of cool 
ing liquid, are utilized for the control and/or actuation 
of alarm devices, throttle means, or shut-off devices and, 
if desired also of devices for retracting the nozzles from 
the reaction space or the like. 

In measuring the temperature of the cooling fluid, a 
conventional temperature measuring device may be used, 
which is provided with adjustable or fixed contacts ad 
justed to certain predetermined temperatures. As ex 
amples of such devices contact thermometers, resistance 
thermometers, thermo-electric pyrometers and the like 
are mentioned. For measuring the quantity of the fed 
and discharged cooling fluid, conventional liquid meters 
can be used, which are also provided with contacts ad 
justable to predetermined amounts of liquid. 

If the temperature of the discharged fluid rises over 
a certain predetermined limit, and/or the amount of 
the discharged cooling fluid decreases below a certain 
predetermined limit, the above correspondingly adjusted 
contacts will bring about closing of an electric circuit 
including, if desired a suitable relay, and said electric 
circuit will then cause actuation of alarm, throttling or 
shutting off devices acting, for example, on the supply 
of cooling fluid and/or the Supply of material fed through 
the nozzle. 

For a more complete understanding of the invention 
reference may be had to the accompanying drawings in 
which: 

Fig. 1 diagrammatically illustrates, by way of exam 
ple and without limitation, the present invention and 
shows a reaction chamber provided with a nozzle for 
the introduction of air into said chamber. 

Figs. 2 and 3 diagrammatically illustrate alternative 
arrangements for regulating the volume of working ma 
terial introduced through the nozzle in accordance with 
variations in the temperature of the medium for cool 
ing the nozzle; 

Fig. 4 illustrates a similar arrangement except that 
the volume of working material Supplied to the nozzle 
is regulated in accordance with variations in the pres 
Sure of the nozzle-cooling medium; 

Figs. 5 and 6 respectively illustrate arrangements sim 
ilar to those of Figs. 4 and 3 except that the correspond 
ing cooling medium pressure- and temperature-responsive 
means are employed to regulate the volume of cooling 
medium supplied to the nozzle jacket; and 

Figs. 7 and 8 respectively illustrate arrangements sim 
ilar to those of Figs. 4 and 2 except that the variations 
in the corresponding pressure or temperature of the noz 
zle-cooling medium are employed to regulate the posi 
tion of the nozzle relative to the reaction chamber 
interior. 

Referring to Fig. 1 of the drawing, reference numeral 
is denotes a reaction chamber, in the wall 2 of which 
nozzle 3 is inserted and serves for the introduction of 
preheated air into said reaction chamber 1. The source 
of hot air 4 is connected to nozzle 3 through a valve or 
other control device 9. Nozzle 3 is provided with a 



3 
cooling jacket 3". The cooling fluid is supplied to jacket 
3' through tube 5' and discharged through tube 5'. The 
cooling liquid discharged through tube 5' flows to ves 
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sel 7, while the water supplied to the nozzle flows through. 
vessel 7. Means 8, 8 are provided for measuring the 
difference between the temperatures of the cooling liquid 
supplied to and discharged from the cooling jacket of 
nozzle 3. Said means 8, 8' may be of the aforemen 
tioned contact or resistance thermometer or thermoelec 
tric pyrometer types, examples of which are shown in 
Figs. 2, 3, 6 and 8, to be described, and are connected 
with an adjustable switching device 9, which, at a pre 
determined difference between the temperatures of the 
cooling liquid supplied to and discharged from the cool 
ing jacket of the nozzle, closes an electric circuit, which, 
in turn, causes actuation of an alarm, throttling or shut 
off device 9'. ... Reference numerals 10, 8' denote means 
for measuring the difference in the amounts of cooling 
liquid supplied to and discharged from the cooling jacket 
of nozzle 3 and may be of the aforementioned liquid 
meter type, an example of which is shown in Figs. 4, 5 
and 7, to be described. Numeral 11 denotes an adjust 
able switching device which brings about actuation of the 
above mentioned alarm, throttling or the like device 9', 
at a predetermined difference between the amounts of 
the cooling fluid supplied to and discharged from the cool 
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responding membrane 10a, 10b is provided. Said mem 
brane 10a or 10b deflects, according to the pressure dif 
ference in front of and behind the same, and changes its 
degree of deflection, as soon as there is a change in the 
amount of the materials passed. Rods leading from the - 
two membranes 10a and 10b to a lever system are pro-. . 
vided, said lever system carrying an electrical contact 
11. With a determined amount of the materials sup 
plied, whereby likewise the amount of the materials dis 
charged is determined, provided there are no losses, both 
membranes (a and 10b remain in unchanged position. 
By means of an adjusting screw the contact 11 is adjusted 
so as to remain in only open position. As soon as the 
amount discharged is smaller than the amount supplied, 
e.g. in consequence of a leakage, the membrane 10b 
changes its shape. Because of the smaller pressure differ 
ence it becomes flatter; thereby the contact 11 is moved 
downwards by the lever system, closes the circuit across 
contact 11, and thus energizes the motor 9' actuating the 
rack 9a connected to valve 9' to control the amount of 
working fluid supplied to nozzle 3. As the valve 9 is 
thus driven to one or the other extreme position, say 
to the fully open position, rack 9a engages and opens 
normally closed switch 9b to de-energize motor 9'. . 
A device whereby the difference in the amount of 

the cooling medium supplied and discharged to and from 
ing jacket. 3' of nozzle. 3. Reference numeral 12 denotes 
a tube for the final discharge of cooling fluid. - 

Control systems according to the invention, wherein 
the difference in temperature of the cooling medium is 
utilized for controlling the amount of the material in 
troduced through the nozzle 3, are illustrated in Figs. 
2 and 3. . . . . . . . . . . 

In Fig.2 and in all the other figures, the reaction cham 
ber is designated by 1, the refractory lining by 2, the 
cooled working material nozzle by 3. The numerals 
5' and 5' denote the tubes for the supply, or discharge, 
of the cooling medium to and from nozzle jacket 3. . In 
an extension of the conduit 7" for the supply of the 
cooling medium there is provided a stationary extension 
piece 8', and in an extension of the conduit 7 for the 
discharge of the cooling medium there is provided a 
thermostatically movable extension piece 8. This piece 
8 is connected through a lever with a feeler projecting 
into the extension piece 8', the feeler provided in 8 be 
ing connected with a contact means 9 which, according 
to a contact being made at a or b, moves the valve 9 
for the supply of working material into the nozzle 3 in 
the directions a or b by a rack and pinion combination 9' 
actuated by a servomotor 9'. - - - - - - 
. . A similar device is illustrated in Fig. 3, wherein, in 
stead of the extension pieces 8 and 8', there are pro 
vided thermic fluid elements 8 and 8' in the extended 
conduits 7 and 7 for the supply and discharge of the 
cooling medium to and from cooling jacket 3', the dif 

- indicated by having a movable pointer-contactor adapted 
to close either contacts a or b. By movement of the 
pointer, contact a or b is closed, thus energizing motor 
9' to effect through rack and pinion combination 9' a 
corresponding movement in the directions a' or b' of 
the valve 9', for controlling the supply of the working 
material to the nozzle 3. There may be provided several 
contacts like a and b for effecting a more accurate grada 
tion of the control operation. . . . . . . . . . 
A control of the amount of the working material in 

troduced through the nozzle 3, by a change in the amount 
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of the cooling medium supplied or discharged, is illustrated 
in Fig. 4. Therein numerals 10 and 10' denote a device 
indicated by the pressure of the cooling medium the 
amount of the material which has passed through nozzle - 
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cooling jacket 3". In conduits 5' and 5' for the supply 
and discharge respectively of the cooling fluid, respective 
diaphragm plate or piston 10", 10' is provided, in 
front of which and behind which a connection to a cor. 75 

jacket 3' is controlled, is illustrated in Fig. 5. The latter 
shows in a manner similar to that of Fig. 4, that by the 
contact 11 controlling servomotor 9' the amount of the 
cooling medium is increased at the moment in which 
the amount discharged decreases because of a leakage. 
The working fluid supply valve 9’ is opened by motor 
9' until there is restored a certain pressure difference 
between the cooling medium supplied and discharged by. 
respective pipes 5’- and 5' to and from nozzle cooling 
jacket 3', said difference being adjusted in advance by an 
adjusting screw upon the contact 11. In this manner 
the detrimental effect of a leakage on the cooling pro 
cedure may be compensated to a certain extent. 
An arrangement, wherein the amount of the cooling . 

medium supplied to nozzle cooling jacket 3 is controlled 
by changes of temperature thereof, as in Fig. 3, is illus 
trated in Fig. 6, with the distinction that the servomotor 
9' does not actuate the valve of the nozzle conduit, but 
the valve 13 of the conduit for supplying the cooling 
medium. . . 

Devices wherein by a change of temperature in the 
cooling medium, or a change in the amount of cooling 
medium, both the cooling medium and the supply of the - 
working fluid to the nozzle 3 are controlled, are combina 
tions of the details of the devices illustrated in Figs. 1 
to 6 of the drawings. Similarly, the difference in tem 
perature, or in the amount of the cooling medium sup 
plied and discharged, is used for controlling the supply 
of the working material to the nozzle conduit 3 or the 
amount of the cooling medium at the jacket 3', or both. 

Devices for withdrawing the nozzle 3, which are con- . 
trolled by the difference in the amount or by the tem 
perature difference of the cooling medium supplied and 
discharged to and from jacket 3' are illustrated respec 
tively in Figs. 7. and 8. According to Fig. 7, the servo 
motor 9' is put into operation by a contact 11 actuated 
by the membranes 10a and 10b in response to pressure 
on the pistons 10' and 10' by the liquid in correspond 
ing conduits 5' and 5' supplying and discharging the cool 
sing medium to and from jacket 3', as in the arrangement 
of Fig. 4, except that the servomotor. 9' through rack 
and pinion combination 9' bodily retracts the nozzle 3 
in response to a significant decrease in the volume of the 
cooling medium to a point where contact 14 is opened 
by detent 14 on nozzle 
motor 9'. 

3 to open the circuit of servo 

In Fig. 8 there is illustrated the arrangement of Fig. 2, 
wherein the differential thermostatic expansion members 
8 and 8' effect by means of a lever system the engagement 
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by contact 9 of either the contact a or b, thus energizing 
the servomotor 9' and advancing or retracting the nozzle 
3 through rack and pinion combination 9' either toward 
a or b. 
The means used for measuring the differences of tem 

peratures and quantities of the supplied and discharged 
cooling fluid and actuating the alarm, throttling, etc. 
device, are of conventional design and construction. They 
do not form, per se, part of the present invention and 
are, therefore, not shown in detail in the drawing. 
The present invention can be used in processes and 

equipments of all kind, in which pulverized liquid, vapor 
OuS or gaseous substances are introduced by means of noz 

O 

Zles into reaction chambers, furnaces, converters and the 
like. The invention is particularly suitable for use in con 
nection with nozzles for the supply of gases, such as air, 
OXygen and the like or for blowing such gases onto the 
Surface of a bath of molten metal, which may be covered 
with a layer of molten slag, for example for the refining 
of molten metals by means of air or oxygen. 
AS already mentioned above, the present invention may 

also be used for controlling the amount of the material 
Supplied through the nozzles, for example for reducing 
the amount of, or shutting off, said materials toward the 
end of the reaction which takes place in the reaction 
chamber or the like, in chemical or metallurgical proc 
esses. If, at a certain phase of such process, the temper 
ature in the reaction chamber or the like, changes, e.g. 
increases or decreases, such change will be accompanied 
by corresponding changes of temperature of cooling liquid 
discharged from the cooling jacket of the nozzle. If such 
changes pass certain predetermined limits, corresponding 
adjustments will be automatically brought about in the 
above described manner, e. g. the supply of the material 
fed through the nozzle will be affected by the above de 
scribed automatically acting devices which are operated in 
accordance with predetermined differences of temperature 
of the cooling liquid supplied to and discharged from 
the nozzles. 

It will be understood from the above disclosure that 
the present invention is not limited to the specific details, 
steps, etc. described above and illustrated in the draw 
ing and may be carried out with various modifications. 
For example, instead of closing an electric circuit, actua 
tion of the alarm, throttle and the like devices may be 
effected by the interruption of an electric circuit. Further 
more, actuation of the automatically operating alarm, 
throttle and similar devices may be based on measure 
ments of temperature alone or on a combination with 
measurements of the amounts of the supplied and dis 
charged cooling liquid. These and other modifications 
may be made by those skilled in the art without depart 
ing from the scope of the invention as defined in the 
appended claims. 
The term "nozzle' is used in the present specification 

and claims to denote discharge means which are applied 
to the end of tubular conduits and consist of usually 
tapering tubular elements which may be provided with 
means for finely dividing the medium supplied through 
said conduits. 
As examples of devices for measuring the amount of 
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6 
cooling fluid supplied to and discharged from the nozzle 
a ring balance, or a mercurial level, are mentioned. 
AS examples of devices for withdrawing the nozzle 

may be mentioned: lifting means with a vertical arrange 
ment of the nozzle, or a carriage supporting the nozzle 
and movable for instance in horizontal direction. 
What is claimed is: 
1. A System for the introduction of materials supplied 

by a nozzle into the heated interior of a device, com 
prising a nozzle provided with first means through which 
a cooling fluid is passed, further means arranged in con 
tact with the cooling medium supplied to and discharged, 
respectively, from said first means, for indicating changes 
of temperature of the cooling fluid discharged from the 
nozzle, with reference to the cooling medium supplied 
to the nozzle, said indicating means being combined 
with automatically operated means for causing corre 
sponding changes in the amount of cooling liquid sup 
plied to the nozzle per unit of time, upon the occurrence 
of a change of the temperature of the discharged cooling 
fluid, beyond predetermined limits. 

2. A system for the introduction of materials supplied 
by a nozzle into the heated interior of a device, com 
prising a nozzle provided with means through which a 
cooling medium is passed, means for indicating changes 
of the amount of the cooling liquid discharged per unit 
of time from the nozzle, with reference to the amount 
of cooling medium Supplied to the nozzle, said indicat 
ing means being combined with automatically operated 
means for causing corresponding changes in the amount 
of cooling liquid Supplied to the nozzle per unit of time, 
upon the occurrence of a change of the amount of the 
discharged cooling fluid per unit of time, beyond prede 
termined limits. 

3. A system for the introduction of materials sup 
plied by a nozzle into the heated interior of a device com 
prising a nozzle provided with first means through which 
a cooling fluid is passed, further means arranged in con 
tact with the cooling medium supplied to and discharged, 
respectively, from said first means for indicating changes 
of the cooling fluid discharged from the nozzle, with ref 
erence to the cooling medium supplied to the nozzle, said 
indicating means being combined with automatically oper 
ated means for causing corresponding changes in the 
amount of the cooling fluid supplied to the nozzle per 
unit of time upon occurrence of a change in the discharge 
cooling fluid beyond predetermined limits. 

4. A System for the introduction of materials supplied 
by a nozzle into the heated interior of a device compris 
ing a nozzle provided with first means through which 
a cooling medium is passed, further means arranged in 
contact with the cooling medium supplied to and dis 
charged, respectively, from said first means for detecting 
changes in the cooling fluid discharged from the nozzle 
with reference to the cooling fluid supplied to the noz 
Zle, said detecting means being combined with auto 

60 

matically operated means for causing corresponding 
changes in the amount of cooling fluid supplied to the 
nozzle per unit of time, upon occurrence of said change 
beyond predetermined limits. 

No references cited. 


