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SYSTEM FOR PROVIDING PROXIMATE TURBULENT
AND COHERENT GAS JETS

ABSTRACT

A system for providing gases into an injection
volume in one or more coherent gas jets proximate to
one or more turbulent gas jets wherein a coherent gas
jet is formed in a forming volume with a flame envelope
prior to passage into the injection volume into which

the turbulent gas jets are directly passed.




“_

Yy S

ases

FIQUTT 20101

N Regulation 3.2(2)
AUSTRALIA
Patents Act 1990
ORIGINAL
COMPLETE SPECIFICATION
STANDARD PATENT
Application Number:
Lodged:
Invention Title: SYSTEM FOR PROVIDING PROXIMATE TURBULENT AND COHERENT GAS
JETS

The following statement is a full description of this invention, including the best method of
performing it knownto :-us




10

15

20

25

30

?;
o

0816

SYSTEM FOR PROVIDING PROXIMATE TURBULENT
AND COHERENT GAS JETS

Technical Field
This invention relates generally to gas dynamics

and, more particularly, to coherent gas jet technology.

Background Art

A recent significant advancement in the field of
gas dynamics is the development of coherent jet
technology which produces a laser-like jet of gas which
can travel a long distance while still retaining
substantially all of its initial velocity and with very
little increase to its jet diameter. One very
important commercial use of coherent jet technology is
for the introduction of gas into liquid, such as molten
metal, whereby the gas lance may be spaced a large
distance from the surface of the liquid, enabling safer
operation as well as more efficient operation because
much more of the gas penetrates into the liquid than is
possible with conventional practice where much of the
gas deflects off the surface of the liquid and does not
enter the liquid. v

It is sometimes desirable to have both a coherent
gas jet and a turbulent gas jet in an industrial
operation. For example, in steelmaking it is sometimes
desirable to use a coherent gas jet to inject gas into
molten metal for stirring purposes while using one or
more turbulent gas jets for combustion and/or
decarburization purposes. A turbulent gas jet may be
disruptive to ‘another gas jet if they travel close to

one another. With existing technology, industrial
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operations which desire using simultaneously both coherent and turbulent gas

jets, require the use of two separate gas delivery systems which is expensive.
Accordingly, it is an object of this invention to provide a system which can

effectively provide both a coherent gas jet and a turbulent gas jet proximate to

one another into an injection volume.

Summary of the Invention

The above and other objects, which will become apparent to those skilled
in the art upon a reading of this disclosure, are attained by the present invention,
one aspect of which is:

A method for providing proximate turbulent and coherent gas jets into an
injection volume comprising:

(A) passing a gas jet into a forming volume, passing a flow of fuel into
the forming volume annularly to the gas jet, and passing a flow of oxidant into the
forming volume annularly to the gas jet;

(B) combusting the oxidant with the fuel to form a flame envelope
around the gas jet;

(C) passing the gas jet and the flame envelope out from the forming
volume into the injection volume, said gas jet being a coherent gas jet having
substantially no increase to its jet diameter along its length; and

(D) passing at least one turbulent gas jet into the injection volume
proximate to the coherent gas jet wherein the flame envelope is between the
coherent gas jet and the turbulent gas jet.

Another aspect of the invention is:

Apparatus for providing proximate turbulent and coherent gas jets into an
injection volume comprising:

(A) a coherent gas jet provision means comprising a coherent gas
nozzle having an output communicating with a forming volume, said forming
volume communicating with the injection volume whereby a gas jet flows from the
nozzle into the forming volume and from the forming volume into the injection
volume;

(B) means for providing fuel to the forming volume annular to the

coherent gas nozzle;

N:A2\18802\AU\00\20040114 Speci amended.doc\y
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(C) means for providing oxidant to the forming volume annular to the
coherent gas nozzle such that the fuel and oxidant combust to form a flame
envelope annular to the gas jet which has substantially no increase to its jet
diameter along its length; and

(D) a turbulent gas jet provision means proximate the coherent gas jet
provision means, said turbulent gas jet provision means comprising a turbulent
gas nozzle having an output communicating directly with the injection volume.

As used herein, the term “coherent jet” means a gas jet which is formed by
ejecting gas from a nozzle and which has a velocity and momentum profile along
its length which is similar to its velocity and momentum profile upon ejection from
the nozzle.

As used herein, the term “annular’ means in the form of a ring.

As used herein, the term “flame envelope” means an annular combusting
stream substantially coaxial with at least one gas stream.

As used herein, the term “length” when referring to a coherent gas jet
means the distance from the nozzle from which the gas is ejected to the intended
impact point of the coherent gas jet or to where the gas jet ceases to be coherent.

As used herein, the term “comprising/comprises” and grammatical
variations thereof are to be taken to specify the presence of stated features,
integers, steps or components or groups thereof, but do not preclude the
presence or addition of one or more other features, integers, steps, components
or groups thereof.

As used herein, the term “turbulent jet” means a gas jet which is formed by
ejecting gas from a nozzle and which has a velocity and momentum profile along

its

N:\2\18802\Au\00\200401 14 Speci amended.doc\\
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length which changes from its velocity and momentum

profile upon ejection from the nozzle.

Brief Descriptioh Qf The Drawings

Figure 1 is a cross sectional representation of
one particularly preferred embodiment of a lance tip of
the present invention.

Figure 2 is a head on view of the apparatus
illustrated in Figure 1.

Figure 3 is a cross sectional representation
illustrating the method of the invention in opération.

The numerals in the Drawings are the same for the

common elements.

Detailed Description

The invention is a system which enables one to
simultaneously provide a coherent gas jet and a
turbulent gas jet proximate to one another without
compromising either type of gas jet or the advantages
attainable thereby. Most preferably both of the two
different gas jet types are provided using the same
lance.

The invention will be described in greater detail
with reference to the Drawings. Gas 1 from a gas
source (not shown) is passed through coherent gas jet
provision means 2 which comprises coherent gas
passageway 3 and coherent gas nozzle 4 which, as
illustrated in Figure 1, is preferably a
converging/diverging nozzle. Gas 1 may be any useful
gas for forming a coherent gas jet. Among such gases
one can name oxygen, nitrogen, argon, carbon dioxide,

hydrogen, helium, steam, a hydrocarbon gas, and
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mixtures comprising one or more thereof. Coherent gas
nozzle 4 communicates with forming volume 5 and gas 1
passes as a gas jet 30 into forming Qolume 5.

Fuel 6, from a fuel source (not shown) passes
through passageway 7 which is annular to and coaxial
with coherent gas passageway 3 and coherent gas nozzle
4. The fuel may be any effective gaseous fuel such as
methane, propane or natural gas. Fuel passageway 7
communicates with forming volume 5 and the flow of fuel
passes from fuel passageway 7 into forming volume 5
annularly to gas jet 30.

Oxidant 8, from an oxidant source (not shown) ,
passes through passageway 9 which is annular to
coherent gas passageway 3 and coaxial with fuel
passageway 7. Oxidant 8 may be air, oxygen-enriched
air having an oxygen concentration exceeding that of
air, or commercial oxygen having an oxygen
concentration of at least 99 mole percent. Preferably
oxidant 8 is a fluid having an oxygen concentration of
at least 25 mole percent. Oxygen passageway 9
communicates with forming volume 5 and the flow of
oxidant 8 passes from oxygen passageway 9 into forming
volume 5 preferably annularly to the flow of fuel.

The flow of fuel and the flow of oxidant combust
to form a flame envelope 31 annular to and coaxial with
gas jet 30. Preferably flame envelope 31 has a
velocity less than that of gas jet 30 and generally has
a velocity within the range of from 300 to 1500 fps.
The embodiment of the invention illustrated in Figure 1
is a preferred embodiment having a deflector 10 which
serves to direct the flow of oxidant toward the flow of

fuel thus resulting in a more effective flame envelope.
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Forming volume 5 communicates with injection volume 11
and gas jet 3q)and flame envelope 31 flow out from
forming volume S into injection volume 11. Injection
volume 11, for example, could be the headspace of a
basic’ oxygen furnace or other furnace such as a bath
smelting furnace, a stainless steelmaking converter, a
copper converter, or a high carbon ferromanganese
refining furnace.

Gas jet 30, owing to flame envelope 31 preferably
with the inwardly directed oxidant flow, is a coherent
gas jet and remains a coherent gas jet for its length.
Preferably coherent gas jet 30 has a supersonic
velocity and generally has a velocity within the range
of from 1000 to 2000 feet per second (fps).

Proximate to coherent gas jet provision means 2 is
at least one turbulent gas jet provisions means 12
comprising a turbulent gas passage 13 and a turbulent
gas nozzle 14 communicating directly with injection
volume 11. In the embodiment illustrated in the -
Drawings four such turbulent gas provision means are
shown in a circular arrangement around the centrally
located coherent gas jet provision means. By proximate
it is meant that the closest distance along lance face
15 between turbulent gas nozzle 14 and forming volume
5, shown as “L” in Figure 2 is not more than 2 inches,
and generally within the range of from 0.25 to 2
inches. Preferably, as illustrated in the Drawings,
the turbulent gas nozzle(s) are converging/diverging
nozzles.

Gas 33 from a gas source (not shown) is passed
through turbulent gas provision 13 and turbulent gas

nozzle(s) 14. Gas 33 may be any useful gas for forming
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a turbulent gas jet. Among such gases one can name
oxygen, nitrogen, argon, carbon dioxide, hydrogen,
helium, steam, a hydrocarbon gas, and mixtures
comprising one or more thereof.

5 Gas flows out of turbulent gas nozzle(s) 14
directly into injection space 11 as one or more
turbulent gas jets 32. One particularly preferred gas
for forming the turbulent gas jets for use in this
invention is an oxygen containing gas, such as air,

10 oxygen-enriched air or commercial oxygen, which may be
used to carry out a combustion reaction. The
turbulence of such jets aids in achieving more
efficient combustion of such combustion reaction.

Despite the nearness of coherent jet 30 and
seee 15 turbulent jet(s) 32, there is no disruption of the
coherency of the coherent jet. This stability is due
. e to the initial formation of the coherent jet in the
forming volume and the presence of flame envelope 31 in
the space between the coherent jet and the turbulent
20  jets.

Tests of the invention were carried out using an
embodiment of the invention similar to that illustrated
in the Drawings.

Four turbulent supersonic oxygen jets were

25 obtained from the four turbulent gas nozzles angled out

12 degrees simulating a scaled down basic oxygen
furnace lance. The nozzles were evenly spaced around a
circle, 1.73” diameter (centerlines at the nozzle
exits). Each nozzle was converging/diverging with a

30 throat diameter of 0.327” and an exit diameter of
0.426”. For the tests, the oxygen flow rate through
each nozzle was 10,000 CFH at NTP with a supply

-10-
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pressure upstream of the nozzle of 100 psig. The jet
velocity at the exit was about 1600 fps (Mach 2).

Nitrogen was used as the gas for the coherent jet.
The nozzle, set at the lance axis, was
converging/diverging with a throat diameter of 0.207
and an exit diameter of 0.26“. The nitrogen flow rate
through the nozzle was 4,000 CFH at NTP with a supply
pressure upstream of the nozzle of 100 psig. The jet
velocity at the nozzle exit was about 1700 fps (Mach
2).

The flame envelope was provided with an inner
annulus (0.555” 0D, 0.375” ID) bf natural gas and an
outer annulus (0.710” OD, 0.625” ID) of annular oxygen.
The deflector diverted the secondary oxygen in towards
the main nitrogen jet providing a more effective flame
envelope. The natural gas and secondary oxygen flow
rates were each 500 CFH.

Pitot tube readings were taken at the jet axis 8
inches from the nozzle. With only nitrogen flowing (no
natural. gas, annular oxygen or oxygen to thenturbulent
gas nozzles), the pitot tube reading was 2 psig. When
the natural gas and annular oxygen were turned on,
providing a flame envelope, a coherent nitrogen jet was
obtained with a pitot tube reading of 32 psig
corresponding to a gas velocity of 1390 fps (Mach 1.4).
When the four outer turbulent jets of oxygen (10,000
CFH/jet) were turned on, the pitot tube reading for the
nitrogen jet remained essentially the same. The
coherent nitrogen jet was not affected by the high
entrainment rate into the four outer turbulent oxygen

Jjets.
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These results indicate that the key to obtaining a
coherent jet proximate one or more turbulent jets is to
have the defined flame envelope of the invention
between the coherent jet and the turbulent jet. For
the experimental example presented herein, a single
coherent nitrogen jet was maintained with a ring of
four turbulent oxygen jets. Similar results would be
expected for two or more coherent jets surrounded by a
flame envelope and with coherent jets using other gases
such as oxygen, argon, carbon dioxide or natural gas.

Although the invention has been described in
detail with reference to a certain particularly
preferred embodiment, those skilled in the art will
recognize that there are other embodiments of the
invention within the spirit and the scope of the
claims. For example, for purposes of forming the flame
envelope, the oxidant could be provided using the inner
annular means and the fuel could be provided using the
outer annular means, or more than one provision means

for each of the fuel or the oxidant could be employed.

-12-




10
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for providing proximate turbulent and coherent gas jets into an
injection volume comprising:

(A) passing a gas jet into a forming volume, passing a flow of fuel into
the forming volume annularly to the gas jet, and passing a flow of oxidant into the
forming volume annularly to the gas jet;

(B) combusting the oxidant with the fuel to form a flame envelope
around the gas jet;

(C) passing the gas jet and the flame envelope out from the forming
volume into the injection volume, said gas jet being a coherent gas jet having
substantially no increase to its jet diameter along its length; and

(D) passing at least one turbulent gas jet into the injection volume
proximate to the coherent gas jet wherein the flame envelope is between the
coherent gas jet and the turbulent gas jet.

2. The method of claim 1 wherein the flow of fuel is annular to the flow of
oxidant.
3. The method of claim 1 wherein the flow of oxidant is annular to the flow of
fuel.
4. The method of claim 1 wherein the coherent gas jet comprises one or

more of nitrogen, oxygen, argon, carbon dioxide or natural gas.

5. The method of claim 1 wherein the turbulent gas jet comprise oxygen.

6. Apparatus for providing proximate turbulent and coherent gas jets into an
injection volume comprising:

(A) a coherent gas jet provision means comprising a coherent gas
nozzle having an output communicating with a forming volume, said forming

volume communicating with the injection volume whereby a gas jet flows from the
nozzle into the forming volume and from the forming volume into the injection

volume;

13-
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(B) means for providing fuel to the forming volume annular to the
coherent gas nozzle;

(C) means for providing oxidant to the forming volume annular to the
coherent gas nozzle such that the fuel and oxidant combust to form a flame
envelope annular to the gas jet which has substantially no increase to its jet
diameter along its length; and

(D)  a turbulent gas jet provision means proximate the coherent gas jet
provision means, said turbulent gas jet provision means comprising a turbulent
gas nozzle having an output communicating directly with the injection volume.

7. The apparatus of claim 6 wherein the coherent gas nozzle is a
converging/diverging nozzle.

8. The apparatus of claim 6 wherein the distance from the perimeter of the
coherent gas nozzle to the perimeter of the turbulent gas nozzle is within the
range of from 0.25 inch to 2 inches.

9. The apparatus of claim 6 comprising a plurality of turbulent gas nozzles.

10. The apparatus of claim 6 further comprising means for directing the

oxidant toward the fuel within the forming volume.

11. A method for providing proximate turbulent and coherent gas jets into an
injection volume substantially as hereinbefore described with reference to the

drawings.

12.  Apparatus for providing proximate turbulent and coherent gas jets into an
injection volume substantially as hereinbefore described with reference to the
drawings.

DATED this 14th day of January 2004
PRAXAIR TECHNOLOGY INC
WATERMARK PATENT & TRADE MARK ATTORNEYS
290 BURWOOD ROAD
HAWTHORN VICTORIA 3122
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