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1
FUEL INJECTION DEVICE AND METHOD

CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this
invention pursuant to Contract No. W-31-109-ENG-38
between the U.S. Department of Energy and Argonne
National Laboratory. :

BACKGROUND OF THE INVENTION

This invention relates to fuel and oxidant injection
into combustion chambers. The invention is particularly
applicable for providing hot gas flow for magnetohy-
drodynamic devices or other applications where it is
~ desirable to provide hot gases substantially free of con-

~ taminating slag and other mineral materials. The inven-
tion also has application in back-fitting existing combus-
tion units for use with particulate coal or other particu-
late or highly viscous carbonaceous material. It is con-
templated that such feed material can be provided in a
liquid or gaseous carrier to the fuel injection system of
this invention.

The combustion of carbonaceous material in the form
of solid particulates, slurrys of solid particulates or of
heavy viscous liquids present considerable problems.
Mineral matter within the fuel becomes molten within
combustion chambers forming a molten slag that must
be removed. Further, in certain applications such as
providing hot gases for magnetohydrodynamic (MHD)
devices, slag contamination in the electrically conduc-
tive seed material prevents its recycle without difficult
separation steps. In furnaces and boilers originally de-
signed for light oil or gas use, the close spacing of boiler
tubes and other components makes it difficult to subse-
quently convert to the use of particulate coal or other
available fuels. In other instances, particulate carbona-
ceous material is conveyed in a water slurry requiring
the evaporation of the carrier and drying of the fuel
within the combustion chamber, which without proper
mixing and shaping of the combustion zone can result in
quenching or incomplete combustion of fuel materials.
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chamber and recirculation of hot combustion gases into
contact with initially injected gases.

In accordance with the present invention, a fuel injec-
tion assembly for use in combination with a combustion
chamber is provided. The assembly includes a tubular
housing axially mounted onto the combustion chamber.
The housing has a throat section near its point of con-
nection with the combustion chamber and accepts an
axially adjustable pintle to define an annular chamber
therebetween. Axial adjustment of the pintle serves to
constrict or enlarge the throat opening into the combus-
tion chamber. The pintle includes an axial passageway

- for discharging either the fuel or oxidant flows into the
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With the recent emphasis on discharge of clean gases

from combustion units, the removal of oxides of nitro-
gen and oxides of sulfur becomes of considerable inter-
est in production processes. Often oxides of nitrogen are
- minimized through use of a substoichiometric combus-
tion region which establishes a reductive atmosphere
for the chemical conversion of organically bound nitro-
- gen in the fuel. Such substoichiometric combustion also
contributes to the production of soot having a high
carbon content and low porosity. This increases the
difficulties in obtaining complete fuel combustion.

In view of the above, it is an object of the present
invention to provide an improved fuel injection system
for maintaining a stable and symmetrical combustion
plume within a combustion chamber.

It is a further object of the invention to provide a fuel
and oxidant injection system that permits initial substoi-
chiomettic combustion for minimizing oxides of nitro-
gen emisston.

It is also an object to provide a fuel injection system
for particulate carbonaceous material that permits ad-
justment of combustion plume shape within the com-
bustion chamber.

It 1s one other object of the present invention to pro-
vide a method of fuel and oxygen injection that permits

good mixing of oxidant and fuel within the combustion
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combustion chamber. In cooperation with the flow
through the pintle, there is provided means for injecting
and swirling the second of the oxidant or fuel flows into
the annular chamber. The discharges are such as to
provide generally concentric impinging flows of fuel
and oxidant into the combustion chamber. Adjustment
of the pintle respecting the throat section thus constricts
or enlarges the opening to shape the combustion region
within the chamber.

In more specific aspects of the invention, the carbo-
naceous fuel is injected in the axial pintle passageway
while the oxidant gas is injected through the annular
chamber defined between the pintle and tubular cham-
ber. |
In further aspects of the invention, a tapered shape is
provided inwardly towards the combustion chamber in
the throat section and the adjacent mating portion of
the pintle resulting in a conical annular passage, whose
length and height are variable on axial adjustment of the
pintle.

In another specific aspect of the fuel injection assem-
bly, the oxidant swirl means includes a port for admit-
ting oxidant flow into the annular chamber and a ring
disposed in the annular chamber between that entry
port and the throat section. The ring defines a plurality
of passageways through its thickness aligned with both
axial and tangential directional components to induce a
tangential swirling component to the oxidant flow.

In one other specific aspect, control means are pro-
vided for independently varying the oxidant flow to
maintain 1t generally at a constant rate while axially
adjusting the pintle.

In other particular aspects, the fuel injection assem-
bly 1s employed in axial alignment with a combustion
chamber at its one end portion. The combustion cham-
ber includes at its opposite end portion an axial opening
for discharging combustion gases, a radial opening for
discharging molten slag and a generally frustal septum
around the axial opening separating it from the radial
opening. The combustion chamber may also be con-
nected in communication with an MHD device for the
production of electricity or in communication with
another utilization device that benefits from generally
slag-free combustion gases.

The present invention further contemplates a fuel
injection system for the stable combustion of particulate
carbonaceous fuels in a combustion chamber from
which molten slag is removed. Initial substoichiometric
combustion is used to reduce organically bound nitro-
gen, but yet to minimize soot formation. The system

includes means for oxidant injection that provides a

flow of oxidant with axial, tangential and radial direc-
tional components into the combustion chamber. A
pintle is provided for injecting the particulate fuel into
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the combustion chamber generally concentric within
the flow of oxidant.

An important aspect of the invention is the provision
of adjustment means for apportioning the driving pres-
sure drop within the oxidant injection means between
the tangential directional components and the radial
directional components of the oxidant flow. This appor-
tionment permits adjustment of combustion plume
shape sufficient to maintain stable combustion while
permitting transfer of char and molten slag to the outer
boundaries of the plume and generally retaining the
combustion gases in the center section of the combus-
tion plume.

In 1its more specific aspects, the fuel injection system
includes a tapered throat section communicating with
the combustion chamber and an axially adjustable pintle
having a tapered end portion aligned within the tapered
throat section such that an annular and generally coni-
cal passageway 1s defined therebetween for oxidant

injection into the combustion chamber. This generally

conical annular passage provides a radial component to
the oxidant injection flow. An axial passageway within
the pintle permits the injection of particulate fuel gener-
ally concentric within the oxidant flow. Means for
swirling the oxidant contributes a tangential directional
component such that on axial pintle adjustment an ap-
poimntment is made of the driving pressure between the
- tangential and radial directional flow components of the
oxidant injection. This permits adjustment of the flow
conditions within the combustion plume to provide
good mixing of oxidant and fuel as well as proper shap-
ing of the plume in respect to char and slag transfer to
the outer boundaries of the combustion chamber.

In yet more specific aspects of the invention, the
oxidant flow is provided at 35 to 45% of that required
for stoichiometric combustion of the fuel to minimize
production of both soot and oxides of nitrogen.

The invention further contemplates a method of in-
Jecting oxidant and fuel into a combustion chamber by
admiiting one of the fluids through an axial passageway
of relatively small diameter and the second fluid con-
centrically around the first fluid. The second fluid in-
cludes axial, tangential and radial directional compo-
nents as it enters the combustion chamber. The shape of
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~ the resulting combustion plume within the combustion 45

chamber is varied by apportioning the relative pressure
drop between driving pressures providing tangential
and driving pressures providing radial flow components
within the outer concentric flow. In the specifically
contemplated embodiment, the inner fluid is that of
particulate carbonaceous fuel material and the outer
fluid is an oxidant in a substoichiometric amount re-
specting the fuel in the concentric flow.

In further aspects of the invention, the relative tan-
gential and radial components of the oxidant flow is
varied to effectively shape the combustion plume
within the combustion chamber for recirculation of hot
combustion gases into contact with the initially injected
gases whereby stable and symmetrical combustion dy-
namics 18 achieved. In addition, adjustment of these
directional components provides for the initial substoi-
chiometric combustion generally near and about the
combustion chamber access. It also functions to regu-
late char transfer to the peripheral boundary of the
combustion chamber generally coincidence with the
drying and pyrolysis of the carbonaceous particulates.

In other specific aspects, a secondary flow of oxidant
1s injected tangentially in a direction to supplement the
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(nitial tangential directional components. The second-
ary injection is made at the peripheral boundary of the
combustion chamber at no less than 2 and no more than
6 equally spaced locations. This secondary oxidant can
be made sufficient to provide stoichiometric and com-
plete combustion of the fuel while driving solid and
molten combustion residuals axially along the periph-
eral boundary layer of the combustion chamber away
from the fuel injection point. Molten slag then can be
withdrawn from the combustion chamber at the periph-
eral boundary layer at a location axially removed from
the fuel and oxidant injection.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated in the accompany-
ing drawmgs wherein;

FIG. 1 is a schematic diagram of a fuel injection
system.

FI1G. 2 is a cross-sectional view of a fuel mjecuon
assembly

FIGS. 2A is a cross-sectional view taken at A—A of

a single component of the fuel injection assembly of
FIG. 2.

DETAILED DESCRIPTION OF THE
| PREFERRED EMBODIMENT

- The Figures illustrate a fuel injection system for use
with a combustion chamber 11. The fuel injection as-
sembly 10 includes a tubular housing 13 mounted in
communication with the combustion chamber 11. Ad-
vantageously the tubular housing is tapered inwardly to
form a throat 15 at its proximal end portion communi-
cating with combustion chamber 11. Within the tubular
housing 13 is a concentrically disposed pintle 17 which
also 1s illustrated with a tapered end portion 19 corre-
sponding to the tapered throat 15 of the tubular hous-
ing. Means for axial adjustment 21 is connected to the
pintle such that its tapered end portion 19 can be moved
to constrict or enlarge the tapered throat 15 of the tubu-
lar housing 13.

An annular chamber 23 is defined between the pintle
17 and the tubular chamber 13 and communicates with
the conduit 25 for admitting a flow of primary oxidant.
The axial passageway 27 within pintle 17 is supplied
with a flow of fuel for combustion with the primary
oxidant in chamber 11. An 1ndependent flow control 29
is included within the flow of primary oxidant such that
a generally constant flow of oxidant can be maintained
while axial adjustments are made to pintle 17.

Swirl member 41 is illustrated of ring shape posi-
tioned within annular chamber 23 to receive all of the
flow of primary oxidant. The primary oxidant entering
through conduit 25 is given a tangential velocity com-
ponent on passing through axially transverse passage-
way 43 (FIGS. 2 and 2A) within swirl member 41. An
additional or secondary oxidant is introduced into com-

- bustion chamber 11 through conduit 31 which is advan-

tageously manifolded into a plurality of tangential en-
trys 33 around the circumference of combustmn cham-
ber 11. |

Conduit 35 for slag discharge communicates in gener-
ally radial alignment with the end of combustion cham-
ber 11 opposite to the fuel injection assembly 10. In axial
alignment with combustion chamber 11 is shown a frus-
tal shaped septum 38 for separating the combustion
gases towards central opening 37 away from the molten
slag discharge at 35.
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The hot combustion gases can be passed on to a
means for their use 39 such as a turbine, steam generator
or advantageously a magnetohydrodynamic (MHD)

device for direct conversion of heat energy to electric- -

ity. As will be seen, the system and method of the pres-
ent invention provides a flow of hot combustion gases
substantially free of slag contamination such that their
use in a MHD device can be carried out with minimal
risk of contamination of the electrically conductive seed
material. In addition, steam generators with closely
spaced boiler tubes can advantageously employ gases
from the combustion system described herein, as fouling
of such tubes will be minimized. This is of particular
importance in the retrofitting of combustors for boilers
previously designed for the combustion of light oils and
natural gases from which contamination by molten slag
and other mineral matter generally was not considered
a sertous problem. |

In FIG. 2, additional details of swirl member 41 and
other detailed aspects of a fuel injection assembly 10 are
presented. As shown, member 41 is of ring shape placed
within annular passage 23 between the connection of
conduit 25 and the tapered portions 19 and 15 of the
pintle and throat section. A plurality of axially trans-
verse passageways 43 of generally tubular shape are
illustrated through the ring width. Passageways 43 are
aligned to have both axial and tangential directional
components such that primary oxidant passing through
these passageways are given a swirling motion as they
enter the throat section 15 of tubular member 13.

Although one form of swirl member 41 is illustrated
in the drawings, it will be appreciated that various con-
figurations of openings, slots, vanes, channels, and other
members align to present passageways with axial and
tangential directional components can be provided in
accordance with the present invention.

Means for axial adjustment of pintle 17 can be pro-
vided in various mechanical, hydraulic or pneumatic
forms. The embodiment illustrated in FIG. 2 includes
end plate 45 receiving threaded bolt 47 which slidably
engages. retaining flange 49 affixed to pintle 17.
Through adjustment and positioning of locking and
retaining nuts 51 and 53, the axial position of pintle 17
can be varied. Bellow seal 55 illustrated within stuffing
box 37 is provided in the distal end of tubular member
13 for sealing annular passage 23 to accomodate the
axial adjustment of pintle 17. '

In one method of performing the method of the pres-
ent invention, fuel is injected into the axial passageway
27 of pintle 17 for introduction into combustion cham-
ber 11. A concentric flow of primary oxidant is intro-
duced through conduit 25 into the annular passageway
23 around the pintle 17 and subsequently, concentri-
cally around the fuel flow. The flow of primary oxidant
1s provided with a tangential or swirling motion on
passage through the transverse axial passageways 43 of

member 41. A radial flow component is given to the

primary oxidant as it passes through the inwardly ta-
pered throat section 15 of tubular member 13 and enters
combustion chamber 11. _-

The inward radial flow of the oxidant begins the
mixing of fuel and oxidant within the core flow entering
the combustion chamber. The swirling or tangential
- component of the oxidant flow in combination with the
expansion resulting from combustion generates a com-
bustion plume as illustrated at 61. The plume flares or
bushes out towards the peripheral boundaries 63 of the
combusion chamber. |
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The shape of the combustion plume 61 is of consider-
able interest in the efficient operation of the combustion
chamber. The adjustable fuel injection assembly permits
the axial positioning of pintle 17 and its tapered end
portion 19 to enlarge or to constrict throat 15 of the
opening into combustion chamber 11. One ilustration of

this adjustment is shown in phantom in FIG. 2 with the

pintle 17 thrust inwardly to substantially narrow the
conical passage through throat 15.
This narrowing of the conical passage apportions

- substantially more of the oxidant pressure drop to the

constricted throat as opposed to the passageways 43
through swirl member 41. As a result of this shift in
pressure drop, the relative tangential directional com-

- ponent of the oxidant flow is reduced in favor of the

radial component. Thus the combustion plume 61 will

be thinner with less flaring or bushing towards the pe-

ripheral boundaries 63. Conversely on enlarging conical
passage 16, pressure drop is shifted to swirl member 41
to increase the tangential directional component in the
oxidant flow with accompanying flare and expansion of
the combustion plume 61. Additional adjustment in the
amount of swirling action within combustion chamber
11 can be provided through variation of the tangential
flow of secondary oxidant at entrys 33.

Combustion plume 61 is accordingly adjusted to give
effective amounts of recirculating hot gases 65 to main-
tain stable combustion, to provide sufficient dwell time
of char particles within the combustion chamber for
complete combustion, and to transfer char to the com-
bustion chamber outer boundary 63 generally when
pyrolysis and drying is complete. Where throat section
15 is constricted so much as to greatly reduce the total
flow, flow control 29 of the primary oxidant is varied to
provide a generally constant flow condition.

Various modifications are contemplated in respect to

the specific method and structure described herein. For

instance, with appropriate design changes the fuel and
oxidant flow can be exchanged with oxidant entering
the pintle passageway 27 and fuel entering the annular
passage 23. The oxidant and fuel reactants can be liquid,
gaseous, entrained solids in slurry or gaseous flow. Or-
dinanly, it is contemplated that a gaseous oxidant such
as oxygen or air in combination with an entrained flow

- of particulate carbonaceous fuel will be selected. Also,

50

55

635

it 1s clear from the above description that varous means
for swirling the oxidant gas, including for instance vari-
able pitch vanes, are contemplated to accomplish varia-
tion in the tangential flow of oxidant.

It will be clear from the above description that a fuel
injection assembly and method is provided to effec-
tively shape the combustion plume of solid carbona-
ceous material to provide symmetrical and stable flow
dynamics within a combustion chamber. Hot combus-
tion gases are made to recirculate into mixture with
entering fuel and oxidant while char and slag are passed
to the outer combustion chamber boundaries. The char
can be transferred to the outer boundaries as it drys and
pyrolizes but can be provided with sufficient dwell time

in the chamber for complete combustion through plume

shape adjustment. Also substoichiometric combustion
can be achieved to lower emission of NO, gases while
providing adjustment to minimize soot production.
Although the invention is described in terms of spe-
cific materials, structures, and method steps, it will be
clear to one skilled in the art that various modifications
can be made within the scope of the appended claims.
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The embodiments of this invention in which an exclu-
sive property or prmlege 1s claimed are defined as

follows:
1. A fuel injection assembly for use in combination

with a combustion chamber comprising:

a tubular housing axially mounted to commumcate_
-with said combustion chamber, said housing hav-

Ing a tapered throat section at its proximal portion
communicating with said chamber;

an axially adjustable pintle in said tubular housing
defining an annular chamber therebetween out-
wardly from said throat section, said pintle axially
adjustable to constrict or enlarge the opening of
said throat section, said pintle having an axial pas-
sageway;

means for injecting a particulate fuel into said axial
passageway of said pintle towards said combustion
chamber;

means for injecting and swirling a gaseous oxidant,

10
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annular passage with an opening into said combustion
chamber, said pintle having an axial passageway for a
fluidized flow of particulate fuel and an inwardly ta-
pered end portion aligned with the tapered throat sec-
tion of said housing, swirl means within said annular
passage for contributing a tangential directional compo-
nent to oxidant flow therein, means for axially adjusting
sald pintle during combustion of particulate fuel with
gaseous oxidant to constrict or enlarge the opening of
the annular passage into the combustion chamber and
thereby apportion oxidant pressure drop between tan-
gential and radial direction flow components.

7. The system of claim 6 wherein said combustion
chamber is of cylindrical shape and is provided with at
least two equally spaced, tangential entries for second-
ary oxidant injection at its cylindrical boundary.

8. The system of claim 6 wherein said means for in-

Jecting oxidant flow includes means for controlling the

tflow of oxidant independent of the axial adjustment of

reactive with said particulate fuel, around said 20 said pintle.

pintle within said annular chamber into said throat
section such that generally concentric discharge of
fuel and oxidant is made into said combustion

- chamber; and

means connected to said pintle for axial adjustment
thereof respecting said throat section during injec-
tion of said fuel and oxidant to vary the combustion
plume shape within the combustion chamber.

2. The fuel injection assembly of claim 1 wherein said
throat section and adjacent pintle end portion each
being correspondingly tapered inwardly towards said
combustion chamber to define a generally conical annu-

25

30

lar passage of variable length and height with axial

adjustment of said pintle respecting said throat section.

3. The fuel injection assembly of claim 1 wherein said
swirl means comprises, a port for entry of said second
fluid into said annular chamber, a ring disposed in said
annular chamber between said entry port and said
throat section, said ring including a plurality of trans-
verse axial passageways aligned through the thickness
thereof with axial and tangential directional compo-
nents to provide a tangential swirling flow component
to second fluid passing therethrough.

4. The fuel injection assembly of claim 3 wherein
there 1s provided means for independently controlling
oxidant flow connected to said tubular housing at a
location to be in sequential flow communication with
the annular chamber, tapered throat section and com-
bustion chamber.

5. The fuel injection assembly of claim 1 axially
aligned with said combustion chamber at one end por-
tion thereof, said combustion chamber being of cylindri-
cal shape and including at least two tangential entries at
equally spaced circumferential locations for secondary
oxidant injection, an axial opening at its opposite end
portlon for discharging combustion gases, a radial open-
ing for discharging a slag and a generally frustal septum
around said axial Opemng separating it from said radial
opening.

6. A partlculate fuel and gaseous oxidant combustion
system comprising a combustion chamber, a tubular
housing axially mounted into one end wall of said com-
bustion chamber, means for injecting oxidant flow into
said tubular housing, said tubular housing having an
inwardly tapered throat section communicating with
said combustion chamber to impart a radial directional

35

9. A method of injecting oxidant and fuel into a com-
bustion chamber comprising:
injecting a first fluid selected from the group consist-
ing of oxidant or fuel through an axial passageway
of relative small diameter respecting said combus-
“tton chamber, | -
axially injecting a second fluid selected from the
group consisting of oxidant and fuel other than the
~ selected first fluid, concentrically around said first
fluid, said second fluid having axial, tangential and
radial directional components, and
apportioning the relative driving pressure between
that providing tangential and that providing radial
flow components to said second fluid to effectively
shape the combustion plume within said combus-
tion chamber. | |
10. The method of claim 9 wherein said first fluid is a
fuel of particulate carbonaceous material and said sec-

ond fluid is an oxidant gas provided in substoichiomet-

ric amounts respecting said fuel.
11. The method of claim 9 wherein said plume is

effectively shaped to provide the recirculation of hot
combustion gases into contact with injection gases and

~ to provide for stable symmetrical combustion dynamics

45

in said chamber.

12. The method of claim 9 wherem said plume is

~ effectively shaped to prowde for initial combustion

50
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component to oxidant flow, an axially adjustable pintle

concentric within said tubular housing to define an

generally near and about the axis of said chamber and to
transfer char to the peripheral boundary of said cham-
ber generally as drying and pyrolysis of said carbona-
ceous particulate fuel is complete.

13. The method of claim 9 wherein a secondary oxi-

dant is injected tangentially, supplementing the tangen-
tial directional components of said axial injection, said

secondary injection is made at the peripheral boundary

of said combustion chamber at no less than 2 and no
more than 6 equally spaced locations.

14. The method of claim 13 wherein said secondary

oxidant 1s sufficient to provide stoichiometric amounts

for combustion of said fuel and sufficient to drive solid
and molten combustion residuals axially along the pe-

ripheral boundary layer of said combustion chamber

away from said fuel injection point.

15. The method of claim 14 wherein molten slag is
withdrawn at the peripheral boundary layer at the axi-
ally opposite end portion of said combustion chamber

from said fuel injection.
x X * . :
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