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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF FLORIDA

ENTER-MET THERMOCHEMICAL
ENGINEERS, INC.,

Plaintiff, CASE NO.?OQW//bf/Pe#/&/éj

v.

THEORETICAL THERMIONICS,
INC.

Defendant.

/

COMPLAINT FOR A DECLARATORY JUDGMNET

COMES NOW the Plaintiff, ENTER-MET THERMOCHEMICAL ENGINEERS,
INC., pursuant to Rule 3, Federal Rules of Civil Procedure, by
and through its undersigned attorney, and alleges as follows:

JURISDICTION AND VENUE

1. Plaintiff is a Florida corporation having its principal
place of business in Panama City, Florida.

2. Defendant is a foreign corporation incorporated in the
State of Ohio, and having its principal place of business in

McDonald, Ohio.

v 1

C&l‘hut

L LLERK
ST%%}CT,

T '
NT%JC*;‘P?;‘: £ FLA.

02 MAR 1L PHIZ: 57

~ ﬁ?l_\i:\_u



Case 5:02-cv-00105-RH Document 1 Filed 03/14/02 Page 2 of 28

3. This action arises under 28 U.S.C. §1338(a) (United
States Patent Laws), as will be disclosed hereinafter.

4. Jurisdiction is proper in this court.

5. Venue for this action is proper in this court under the

provisions of 28 U.S.C. §2201(a).

GENERAL ALLEGATIONS

6. Defendant, THEORETICAL THERMIONICS, INC. (hereinafter
“"TTI”) is the assignee of the entire right, title, and interest
in the following patents:

U.S. Patent No. 5,950,547 to Wachendorfer (1999)

(hereinafter “the ‘547 patent”); and

U.S. Patent No. 6,216,613 to Wachendorfer (2001)

(hereinafter “the ‘613 patent”).

The '547 patent is attached hereto as Exhibit A. The ‘613
patent is attached hereto as Exhibit B.

7. The '547 and ‘613 patents contain claims covering a
coal combustor, including a coal gasification device, and the
process generally carried out by the coal combustor.

8. Plaintiff, ENTER-MET THERMOCHEMICAL ENGINEERS, INC.
(hereinafter “ETE”), is a company formed to develop products in
the field of coal gasification and combustion, among other
things.

9. The principals of ETE have discussed with the

principals of TTI the possibility of ETE purchasing certain
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hardware and technology from TTI. In the course of these
discussions, ETE made plain its intent to develop coal
gasification and combustion hardware which could arguably fall
under one or more of the claims of the ‘547 and ‘613 patents.

10. ETE does, in fact, have a present intention of
developing gasification and/or combustion hardware which could
arqguably fall under one or more of the claims of the ‘547 and
‘613 patents.

11. Discussions between ETE and TTI eventually terminated
with no agreement being reached. During the course of these
discussions, TTI made clear that if ETE pursued its plans of
developing the proposed gasification and/or combustion hardware
without first obtaining a license (or outright purchase) of the
‘547 and ‘613 patents, that TTI would consider ETE’s actions to
be patent infringement.

12. Because of the foregoing, ETE is in doubt as to its
rights under the patent laws of the United States.

13. ETE has produced designs for the proposed hardware, and
is presently in the process of refining these designs. Because
of the existing controversy, ETE has refrained from fabricating
actual hardware.

14. 1Insomuch as ETE is prevented from pursuing its hardware
development plans by the uncertainty regarding infringement,
there presently exists a justiciable controversy between ETE and

TTI.
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FIRST CLAIM
(LACK OF 35 U.S.C. §112 ENABLEMENT AS TO ‘'547)

15. 35 U.s.C. §112 reads, in pertinent part:

The specification shall contain a written description
of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and
exact terms as to enable any person skilled in the art
to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set

forth the best mode contemplated by the inventor of
carrying out his invention.

16. The ‘547 patent does not comply with 35 U.S.C. §112 in
that its disclosure is insufficient to enable one skilled in the
art to make and use the invention.

WHEREFORE, Plaintiff respectfully asks this court to enter a
judgment declaring the ‘547 patent to be invalid.

SECOND CLAIM
(LACK OF 35 U.s.C. §112 ENABLEMENT AS TO ‘613)

17. The ‘613 patent does not comply with 35 U.S.C. §112 in
that its disclosure is insufficient to enable one skilled in the
art to make and use the invention.

WHEREFORE, Plaintiff respectfully asks this court to enter a
judgment declaring the ‘613 patent to be invalid.

THIRD CLAIM
(LACK OF 35 U.S.C. §112 BEST MODE AS TO ‘547)

18. At the time the inventor of the ‘547 applied for the
patent, he knew of certain additional elements which were
required to practice the invention, yet he failed to disclose
these additional elements in his application for a U.S. patent.

18. The ‘547 patent thereby fails to comply with Section
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112's “best mode” requirement, in that it fails to set forth the
best mode known to the inventor of carrying out his invention.

WHEREFORE, Plaintiff respectfully asks this court to enter a
judgment declaring the ‘547 patent to be invalid.

FOURTH CLAIM
(LACK OF 35 U.s.C. §112 BEST MODE AS TO ‘613)

20. At the time the inventor of the ‘613 applied for the
patent, he knew of certain additional elements which were
required to practice the invention, yet he failed to disclose
these additional elements in his application for a U.S. patent.

21. The ‘613 patent thereby fails to comply with Section
112's “best mode” requirement, in that it fails to set forth the
best mode known to the inventor of carrying out his invention.

WHEREFORE, Plaintiff respectfully asks this court to enter a
judgment declaring the ‘613 patent to be invalid.

FIFTH CLAIM
(OBVIOUSNESS OF ‘547 UNDER 35 U.S.C. §103)

22. 35 U.S.C. §8103(a) reads as follows:

A patent may not be obtained though the invention is
not identically disclosed or described as set forth in
section 102 of this title, if the differences between
the subject matter sought to be patented and the prior
art are such that the subject matter as a whole would
have been obvious at the time the invention was made to
a person having ordinary skill in the art to which the
subject matter pertains. Patentability shall not be
negatived by the manner in which the invention was
made.

23. The invention as claimed in the ‘547 patent would have

been obvious to a person having ordinary skill in the art of
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gasification and combustion at the time the invention was made.
24. Accordingly, the ‘547 patent is invalid under 35 U.S.C.
§103(a)
WHEREFORE, Plaintiff respectfully asks this court to enter a
judgment declaring the ‘547 patent to be invalid.

SIXTH CLAIM
(OBVIOUSNESS OF ‘613 UNDER 35 U.S.C. §103)

25. The invention as claimed in the ‘613 patent would have
been obvious to a person having ordinary skill in the art of
gasification and combustion at the time the invention was made.

26. Accordingly, the ‘613 patent is invalid under 35 U.S.C.
§103 (a)

WHEREFORE, Plaintiff respectfully asks this court to enter a

judgment declaring the ‘613 patent to be invalid.

Respectfully submitted this //2?// day of March, 2002.

. WI HORTON <
Pennington, Moore, Wilkinson, Bell
& Dunbar, P.A.
215 S. Monroe St.,
2nd Floor
Tallahassee, Florida 32301
(850) 222-3533
(850) 222-2126 fax

FLA Bar No. 0059242
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. hendorfer. t hi 4546327 10/1985 Wachendorfer, St muvurmemenens 165/165
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%’33’;9;3 Zg;g z"m’ s s 43 :é 11 Jo ~ mixwrc passing through the reactar core wbe by conducdon.
3145670 8/1964 Copian et al. . . . 431184  befors camy ino the combustion zoge.
3411716 111968 tephanetal. .. e 23901323
3743471 1973 Joeger 431115 19 Claims, 4 Drawing Sheets
101 10 26
39 Vi 54
(- N \\\\\&\\\\‘&‘\\\\\\\\\\m{{ 7 SNNNNANNY
|
g4 N
~ /E
( = e
63 18qg
i 16a .
e 14a —
86/ %\ EE,///////://
10 SRS —
2B NN NN\
85 34 s 1\9
| - 1
17
30 16



i 8 of 28
AUG.29. 388Le SVTEN-00108FREHOENOREIGRL, Filed 03/14/02 Page

U.S. Patent

Sep. 14, 1999 Sheet 1 of_4-

23 101 2 10
f f:; jo/ 84

THIImrrrEEs

26

_el

NO. 660 P.3

5,950,547

s4 6

ﬂ= o
64\

886
110

J

85°
202

Fig1 3o




AUG. 29. 2op{CaSE SR -CV-ORHDRF-WRQeYERRt 1 Filed 03/14/02 Page 9 Qf28,, 5 4

U.S. Patent Sep. 14, 1999 Sheet 2 of 4 5,950,547

54




aug. 29. 206125CPsR4r V- ORI REF-RAREHTARRL 1 Filed 03/14/02 Page 100128 |

U.S. Patent Sep. 14, 1999 Sheet 3 of 4 5,950,547

N 320
\ yau 374 372

310 )
\ 352
410 \/
I

402 378
N (] 3?‘3( yil (
371 , N
450 36\ N
\GZ2 2 72277727 ; ,
i e i A P 358
00— LI IS LILLL ST TSI, / ]
400 ..._.._.._.._.ﬁ._._.-::'.'::ssz T
325 - . ~34 1
322 !-——— L ——~—.—{ ]
N . 325
o ¢ =~ — = o —— " — —— . M= . e m e 8 . — o * — — — !. —————————————— d—
335 501 E .34 1
404 _ ; 340
x{- ; ;}/;17‘4:@1//.77‘.\ 396a @
_— TP O OILE TSI ITISS
—J*\—}L 511 ! 318a 356
385 G727,
525 /- \ \\

|
330 ( \ </ L318
331 3140 | 3502 316

334 384 4

512

AN



' gug_29_Zegcfas%%9&@CV'OS£TQ§;B&FPBQM§§§H1 Filed 03/14/02  Page 11N%f.g§8 P.6

U.S. Patent Sep. 14, 1999 Sheet 4 of 4 5,950,547 |
K\ ™~ 352
[ 354
% g L‘3443
460 N
| la———— | ] '; 341
g L3525
I B s B
!
!

— 341

460 /A ; |_340
==ty a

—~356




QUG.29_2@@96‘5%:55'9&{0%019&9%;55}”%9%{%%9& 1 Filed 03/14/02 Page 12 r(q)of.%%e

5.950.547

1

COMBUSTOR FOR BURNING A COAL-GAS
MIXTURE

FIELD OF THE INVENTION

The present invention relates generally to a coal combus-
tor 20d. more specifically. will be referred to as an entropic
reactor for the combustion of coal in fossil burning plants.
such as uility plants.

BACKGROUND ART

Most fossil burning plants. such as utility plants. presently
utilize a burning or firing combustion process in which most
of the thermochemical reaction takes place beyond the
burner duct port in the furnace work chamber. Further
oxidation of the unburned fucl particles exiting the burner is
termed “residual-combustion™ and equates to a degree of
inefficiency: The negatve resultant aspects following initial
combustion in the burner effects the reformulation of
unburned hydrocarbons having a higher ratio of carboa to
hydroges. an added demiment to the further complction of
combustion. In order to finalize combustion. excessive
amounts of combustion air must be introduced iato the work
chamber and various methods of under/over firing with
gaseous fuels must be utilized to effect “reburn.” This results
in over-voluminous. inefficient and high cost boiler struc-
mres.

Past atempts by varicus firms knowledgeable in the art of
thermochemical combustion to develop a combustor
designed to complete all oxidizing rate-reactions have
failed. During the 1980s the DOE funded millions of dollars
to such projects. Operationally. the then designed combus-
tors thermochemically failed to rotally oxidize the carbonic
elements. This resulted in a graphinc “char” formation
causing clogging and eveptual shutdown of the process.

Present firing combustion processes also exhibit post
combustion problems which adversely affect the caviron-
ment. Pollutapts formed by sulfurous compounds and
nitrous oxides and pacticulates, unless eated by expensive
contral systems. typically result from prescatly utilized
combustion processes. A rore advanced thermaotechnical
method for the oxidative combustion of hydrocarbons is
desirable in order to eliminate or reduce problems associated
with these pollutants.

DISCLOSURE OF THE INVENTION

The present invention provides a zew and improved
thermotechbology for the design of a combustor for use in.
for example, stcam geperation in the boiler of a uility power
plant. The disclosed Entropic Reactor-Cambustor (ER-C)
structare includes a reactor chamber. combustios chamber.
and discharge chamber serially connected along a central
axis.

In one preferred embodiment. the structure is formed as a
single-cell entropic-reactor combustor (ER-C). In this
embodiment. cach chamber is made of a high temperarure
and corrosion resistant ypaterial such as a refractory/ceramic
material. These refractory chambers define, respectively. a
reactor zonc. combustion zone. apd discharge zonc that
extend through the refractory.

According to an illustrated cmbodiment of the inveation,
the combustion chamber comprises a vepturi and the dis-
charge chamber comprises a diverging nozzle. The single-
cel]l ER-C includes a ceramic baffie insert thar is concentri-
cally disposed within the forward end of the reactor
chamber. According to the invention. the baffic defines at
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least one coal-gas passage extending longitudinally through
the baffle and includes means for communicating 20 air-fuel
mixruce to the reactor zone. A reactor core tube. made of a
refractory mategial, is sealingly cngaged by the baffie. The
core of the tube is ig fuid communication with the coal-gas
passage. The tube extends longitudinally through 2 portion
of the reactor zope and terminates into the combustion zone.
The reactor core tube communicates a coal-gas mixture from
the coal-gas passage to the combustion zone. Means are
provided for burning the air-fuel mixture in the reactor zone
thereby heaung the reactor core tube. The coal-gas mixture
passing through the reactor core tube is thereby heated by
copduction through the tube before entry into the combus-
tion zone.

By imadiating the coal-gas mixture with heat encxgy the
volumetric specific heat of the mixture is substanually
raised. It is believed that this irradiation (which may be
termed photalytic irradiation) ionizes the coal molecule and
causes a debonding of its molecular structure. A molecular
reformation of the coal and gas takes place that creates a new
fuel mixmre beforc he mixmre is discharged from the
reactor core tube. This rescructuring of the coal-gas mixrure
cffects a mare effective and efficient burning upon combus-
top in the combustion chamber so that carbon by-products
or graphitic build-up in thc work chamber is substantially
reduced or eliminated.

According to a featurc of the ipvention. the air fuel
mixture is communicated by means of an axay of fuel
buraer ducts spaced from and disposed around the coal-gas
passage. and extending loagimdinally through the ceramic
baffle insert. Disposed around each fuel burner duct is an
aray of air supply ducts extending longitudinally through
the ceramic baffle insert

According to another feature of the invention. the com-
bustion chamber inudes a plurality combustion air supply
pipes extending radially through the chamber and tegninat-
ing into the combustion zone. The air supply pipes arc
equally spaced apart around the periphery of the combustion
charnber. There are an even quantity of air supply pipes so
that any pipe in the arxay is diagonally opposed from another
pipe in the aray.

In apother preferred embodiment. the entropic reactor
combustor (ER-C) comprises a plurality of cells that are
used to achicve the desired amount of volumetric specific
heat. The design of the reactor chamber is based on an array
of planetarily positioped unitized cells. The reactor chamber
comprises a ceramic baffle is concentric rclation to the
reactor core chamber. Extending longitudinatly through the
baffle, and spaccd a distance from the reactor core center. is
a first armay of integrated ceramic entropic fuel mbes. or
ducts. disposed on 2 ficst inner radius apd a second array of
relatively larger ceramic tubes. or ducts. disposed on a larger
sccond radius. Interposed between the first agd second
radially disposed ducts is an array of corresponding cavity
ducts. or gaps. which form a series of ioterspacial reactor
core cells. or a contiouous planetary circumferential reactor
chamber.

A fucl mixwre, such as pulverized coal and methane gas.
is dispensed into the interspacial reactor core chamber cells
through a series of pulverized coal/gas supply nozzles
attached to the ends of the reactor core chamber cells. An
entropic fucl. such as mcthane gas. and combustion air arc
combined in the first and sccond array of entropic fuel ducts
through a series of air/gas mix supply nozzies attached to the
ends of the tubes. The zir/gas mixture. when burned in the
multiple series of enmopic fuel ducts. generates intense heat
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required for conductiviry through the walls of the entropic
fuel ducts enclosing the interspacial reactor core chamber.
The conducted source of continvous heat from the outer
surface of the reactor care chamber is radiated to the inoer
surface of the reactor core to heat the pulverized coal/gas
fuel mixture during passage through the reactor core cham-
ber.

It is believed that in the disclosed apparatus the pulverized
coal particles are injtially subject to a sufficiendy powerful
thermatytically inductd radiarion to degratively decompose
the rolecular structuse of the pulverized coal particles. The
thermalytic process maximizes the entropy. and thereforc.
increases the interpal electrostatic energy of the coal mol-
ecule. During further passage through the interspacial reac-
tor core chamber the irradatve eXposure causes critical
phasc changes. promoting a vaporous/gaseous statc.
Concurrently. additional rapid operatives promoted by ion-
ization and radicalization of the coal moleculcs cffect 12q-
uisite molecular reformations critical to subsequent
detonative-oxidation of all carbonic elements of the coal
particle in the downstream ER-C combustion chamber.

Unlike proseatly utilized conventional lame combustion
devices or coal-firing systems. the ER-C thermal technology
maximijzes thermofiux and specific heats beyond the capa-
bility and efficiency of any cxisting flame syndrome burner.
It is believed that, unlike existing industrial or utility power
plants having lengthy time sequences for burning fuels by
flame combustion. the FR-C process develops improved
therroal efficiencies at lower costs. The ER-C substantially
averts the problems involving the farmatios of Same cores
resulring from reformed hydrocarbors having a higher ratio
of carbon to hydrogen. Flame cores typically result in an
undesirable graphitic phase blocking char formpation. The
high ternperature reactions developed by the ER-C act to
vaporize the inclusive igert minerals and promote further
chemisms to atomize any poteatially prosent tars/chars to 2
gaseous stale.

According 1o another feature of the invention. the BR-C.
when utilized with catalytic addirives. can convert pollutant
by-products. such as sulfur compounds and mizous oxidos
into inert. stable compounds. Consequenty. the post com-
bustion and stack emissions control costs borm by fossil
burping plants operatcd by coal firisg may be substantally
reduced.

Acoording to yet apother feature of the invention. insu-
lation is disposcd around the periphery of the refractory
material.

Additional features of the invention will become apparent
aad a fuller understanding obtained by reading the following
detailed description oade in connection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a section elevational view of a single cell
eatropic reactor combustor showing reactor. combustion.
and discharge zones.

FIG. 2 is a section view of the FIG. 1 single cell entropic
rcactor combustor as seen from the plane 2—2 is FIG. 1
showing an array of air and fuel ducts.

FIG. 3 is a brokecs secton clevational view of an alter-
pative crobodiment of the sipgie ccll eatropic reactor com-
bustor showing & diverging discharge nozzle.

FIG. 4 is an end elevation view of an entropic reactor
combustor constructed in accordance with the present inven-
tion.

10

13

20

25

30

35

45

55

- 4
FIG. § is a section view of the FIG. 4 entropic reactor
combustar as s¢ea from the plaoe 5—S5 in FIG. 4 showing
first and second amay ducts.
FIG. 6 is a section view of the FIG. 4 entropic reactor
combustor s seen from the plane 6—& in FIG. 4 showing
ap interspacial reactor chamber.

BEST MODE FOR PRACTICING THE
INVENTION

FIGS. 1 through 3 illustrate the overall construction of 2
“single-cell” Entopic Reactor Combustor (single-cell
ER-C) 10. As shown in FIG. 2. the single-cell ER-C 10
includes a reactor chamber refractory 14, combustion charn-
ber refractory 16. and discharge chamber refractory 18
connected in series and defining. respectively. a reactor
chamber zone 14a. corpbustion chamber zonec 16a and
discharge chamber zanc 18q. The combustion chamber
refractory 16 includes a venwyi passage defined by an inper
wall 22 of the combustion chamber refractory 16. As shown
in FIGS. 2 and 3. the discharge chamber zone 18¢ may
coroprisc a uaiform cylindrical chamber or a diverging
nozzle. Disposed around the periphery of cach refractory
chamber 14. 16. 18, is a high temperaturc insulation material
15. 17. 19. respectively. and a combustor support housing 20
connected to a end platc flange 23. In coacesiic relation to
the three chambers 14. 16, 18 is a ceramic baffic insest 30
which cxtends through an opeping 101 ip the end plate
flange 23 and 2 reactor core Wbe 84. An outer wall 34 of the
ceramic baffle insext 30 sealingly engages the forward end of
an inner wall 202 of the reactor chamber 14. The reactor core
tube 84 exicnds substantially the length of the reactor
chamber zone 14a whercby one end of the reactor core tube
84 is scalingly engaged by a recess 39 in the ceramic baffle
insert 30 and the other end is supported by a ceramic tube
support 26 and termipatcs into the combustion charber zone
16a of the single-cell ER-C 10,

As shown in FIGS. 1 and 2 of the disclosed cmbodireent.
the ceramic baffie insert 30 defines an array of entropic fuel
burner ducts ar pipes 64 and an zrray of air supply ducts 65
that are disposed around cach fuel buruer duct 64. The fucl
burner ducts 64 and air supply ducts 65 cxtend longitdi-
nally through the carmmic baffle insert 30 and terrninate inte
the reactor chamber zone 14a (as shown in FIG. I). In the
disclosed embodiment. thers ar¢ five equally spaced fuel
burser pipes 64 disposed on a radius r. and six equally
spaced uir supply ducts 65 surounding each fuel burner pipe
64,

A flanged combustion air chamber 110 is mounied to the
end plate flange 23 by a plarality of fasteners or welds. Ths
air chamber 110 aliows combustion air to eater each air
supply duct 65 at substanually the same volumstric flow rate
and pressure. The fuel burner pipes 64 cxtend rearwardly
through the 2ir chamber 110 and xre ¢cobnected to an ¢Xrernal
enopic fuel supply source (oot shown). Conventional scal-
ing methods can be used 10 seal the interface betwees the
fucl burner ducts &4 and the air chamber 110.

In the disclosed embodiment. an entropic fucl. such as
methane. and combustion air are entrained 1o burmers sod the
products of combustion are routed through the reactor
chamber zone 14az. Conventional fuel burnexs (Bot shown)
ipitiate and maintain the nscessary pyrolytics for the supply
of heal to the reactor core tube 84. The burming of the
enropic fuel in the reactor chamber zone 144 generates
intensc pyrolytic source heat for copduction throragh the wall
of the reactor core tube 84, .

The ceramnic baffie insert 30 further defines a pulverized
coal/gas supply nozzle 85 which is ip fiuid commuaication
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with the reactor core tubc 84 and a pulverized coal/gas
supply passage 86 connccted to aa cxternal coal/gas flow
conteol source (not shown). According to the wnvendon. 2
gas. such as methane. and pulverized coal particles are
dispensed into the reactor-core tube 84 through the pulver-
ized coal/gas supply nozzic 85,

The reactor chamber 14 acts as 2 molecular reactor. The
intense hcat from the burpiog methanc/air mixture in the
reactor charmber zohe 1da pyrolytically heats the reactor
core mbe 84. The heated reacror core tube 84. ip turm.
photolytically heats the pulverized coal/gas fucl mixture
flowing thyough the reactar core 84, In effect. the chemisms
that ke place in the reactor core 84 radicalize the methane
gas and pulverized coal. The coal pamicies and gas are
irradiated with high energy photoas within the rcactor core
tube 84. thereby substantially faising the specific heat of the
coal/gas fuel mixturc. The photons seach an encrgy equal to
of higher than that of an ¢lectron. which causes electrons t©
be contipually emitted. It is belicved that this photolytic
irradiation ionizes, or degradates. the coal molecule, and
causes a debopding of its roolecular structure, The gas has &
hydrogenolysis effoct on the pulverized coal. In other wards,
two hydrogen atoms are freed fiom the mcthane gas
roolecule. and carbon atoms from the pulverized coal bond
to these two freed hydrogen atoms. For this reason. it is
necessary that the gas have & sufficient amount of hydrogen
to degradate the coal molecule. The gas sclected should
preferably have 8 high hydrogen to carbon ratio as in. for
cxample. methane gas (CH,). It is also believed that subli-
mation takes place during passage of the puiverized coal/gas
fuel mixture through the reactor core tube 84; that is. the
irradative exposure causes a phage change in the pulverized
coal/gas fuel mixture to & vaparous/gaseous state. The new
fuel compriscs & Rew group of combustible chemisms that i
in the form of a vapor upon discharge from the reactor
chamber 14.

Upon ¢ary into the combustion chamber zont 16a. the
new fuel undergocs detonative oXidation combustion. In the
preferred and llustrated embodiment. the oxidizing rmedia
used 1o oxidize the new fuel flows perpendicular to the path
of the new fuel. As shown in FIGS. 1 and 2. a plurality of
combustion air supply pipes 54 extend radially inward
through the combustion chamber refractory 16 and teqminate
into the combustion chamber zone 16 via respective air
inlet openings 56 defined by the inside wall 22 of the
combustion chamber refractory 16. The air supply pipes 54
arc in communication with a combustion air manifold 52
coapected 1o & combustion air supply source (pot shown). In
the disclosed cmobodirnent. the air supply pipes 54 are
equally spaced apart to form a planetary spoked patern 88,
'Iheairsypplypipcsﬂarcposiﬁoncdsatha:mcﬂownf
combustion air into the combustion chamber zone 16a is
perpendicular to the Sow of the pulverized coal/gas fuel
mixture discharged from the reactor cace tube 84. As shown
in FIG. 1. an ovea amount of air supply pipes 54 is
preferably used so that Sow from one air supply pipe 54
collides with flow from its opposing air supply pipe 54. It is
believed that the use of counterfiow directed air supply pipes
54 facilitates turbulence in the combustion chamber zonc
16a and substantially promotes uniform and instant eXpo-
sure of the surface areas of coal particles to oxidative rate
reactions.

The present igveption provides significant advantages
over conventional burner-type systems. It is belicved that by
bydrogenating the cosl molecule before combustion. that the
build-up of unburned hydrocarbons that is found in fiame
cotabustion or coal-firing systems is substantially reduced.
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According to the present invention. the pulverized coal is
treated in such a manner that there is no substantial devel-
opment of double bond carbon elements to produce a
graphite. As alluded to above. it is believed that the carbon
adheres to the free hydrogen and then becomes a liquid thar
is later vaporized. Copsequently, the ER-C 10 substantially
prevents reformed hydrocarbons and graphitic formarion
that is characteristic of 2 conveational burner or flame-type
system.

A bench test model was constructed 2nd tested to dem-
onstrate the principles of the invention with the following
dimensions and operaing parameters. The rcactor chamber
20ne 140 has a diameter of 10.0” (25.0 cm). length 24.0°
(60.0 cm). circumference 31427 (78.54 cm). and volume
1700 (26.800 cm®). The reactor core ceramic tybe 84 has
a diameter of 3.0 (7.5 cm). length 24.0" (60.0 cm). circum-
ference 9.42" (23.6 am). and valume 168.07% (2652 am’).
The combuster chambey zon¢ 16a has a diameter of 8.0
(20.0 cm). length 10.0" (25.0 cm). circurmdercace 25.17
(62.8. cm). and volume 51077 (8000 cm®).

The ceramic baffle insert includes an aray of five entropic
fuel burner ducts 6S. each duct having a diameter of %
inches. The volumetic flow rate of methane gas through
each duct 65 is 371 f5m (10.5 m*h). Combustion-air is
comrmunicated to the reactor core chamber 14a via 20 ammay
of five air supply ducts 65 that are disposed around cach fuel
burner duct 64. Each air supply duct 65 is preferably %
inches in diameter. Therc are a total of 25 air supply ducts
65. The volurnetric flow rate of the combustion air is about
3175 f3/h (90 m®/m). The ratio of the circumferential surface
area of the refractory resctor chamber zope 14a to the
volume of the reactor chamber zone 14a is 1.0/2.5 (based on
4712 cm®26800 cm’. or 754"%/1700™).

The mass fow rate of the pulverized coal particles dis-
penscd into the reactor core tube 84 through the pulverized
coal/gas supply passage 86 and nozzie 85 is abour 80 Ibh
(36 kg/. or 10 grams/s). The volumeric fiow rate of the
methane gas through the passage 86 and pozzlc 85 is 330
f©/h (10.8 m’h. or 3000 cm’/s). The resulting ratio of
methane gas to pulverized coal is 300 cm’/s gas W 1.0
grany's pulverized coal A preferred diameter of the pulver
ized coal/gas supply pessage is 1.15" (3.12$ cm). The
circumferential surface area of the reactor corc tube 84
(based on the internal diarpeter) is 22672 (1415 cm®). The
ratio of the circumfercntial surface area of tho reactor core
tube 84 to the core volume of the reactor core tube is
226"%168" (1415 em?/2640 am”).

The ER-C 10 includes four cqually spaced radially posi-
tioned combustion afr supply pipes 54 for directing air flow
perpendicular 10 the flow of the reformulated pulverized
coal/gas fuel cxpelled from the yeactor care tube 84. Esch
pipe 54 has a diameter of 2.0" (5.0 crm). The copbustion air
flow rate through each aic supply pipe 54 is aboyt 360 m*/b
(90 m’m). The vesmri defined by the wall 22 of the
combustion Shamber refractory 16 is approximately a 25
cm:20 e reduction in cross-sectional area. The volumetric
flow rate of the pulverized coal/gas fuel mixnure expeiled by
the nozzle 85 enters the combustor combustion charnber
zoue 160 At approximately 13.000 cm®>/s (46.8 m/h).

The temperawre in the reactor chamber 2one 1da was
approximately 30003200 degrees F. The temperature real-
ized by the coal/gas fuel mixture in the combustion chamber
zone 16a was approximately 2400-2600 degrees F. The
temperature of the combustor chamber was about
1300~3500 degrees F. The power output realized was
approximately 360.000 KCalh (1.500.000 Btwh).
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of 2 “multi-cell” Entropic Reactor-Combustor (ER-C) 310
for coaverting chemical cnergy of a fossil fuel to thermal
energy for use in an ipduswial or utility power generation
plaat. As showa in FIG. 5. the multi-cetl ER-C 310 includes
a reactor chamber refractory 314. combustion chamber
refractory 316. and discharge chamber refractory 318 con-
necied in series and encased in a combustar suppost hoosing
320 with a cod plate flapge 323. The chambers 314. 316. 318
define. respectively. a reactor chamber zonc 314a. combus-
tion chamber 2one 316a. and discharge chamaber zone 318a.
1n concentric relation to the three chambers 314, 316, 318 is
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Rcfcmng now to FIGS. 4 through 6. another preferred
cmbodiment is illustrated showing the overall construction

an alloy tube 325 extending through the reactor chamber
zone 314a to the eamy of the combustion chamber zonc 316a
which defines an inner oxidizing media or combustion-air
nagifold 322 for controlling flow of oxyges or air to the
combustion chamber zode 316a. An outer ceramic baffle
insert 330 and an inner ceramic baffle insert 331 are cir-
curnferentially positioned berween the alioy tube 325 and
the reactor chamber 314. In communication with the inner
air manifold 322 are a plurality of radial air supply ducts 340
extending outward to opeaings 341 in the alloy tube 325. As
showg in FIG. 4. ag outer oxidizing media or combustion-air
manifold 352 also has & plurality of radial air supply ducts
354 extending inward to openings 356 in the combustion
chamber 316.

The inper ccramic baffle insert 331 defincs an acray 360
of integrated entropic fuel burner ducts 364 disposed on a
first radius R1 and the outer ¢cegamic baffie insert 33¢ defines
an amay 370 of larger cntropic fuel burper ducts 374
disposed on a larger second radius R2. Betweeg the first and
second radially disposcd eatropic fucl ducts 364, 374 is an
arTay 80 of configurated cells 384 disposed on an interme-
diate radius R. The open spaces or voids of the cells 384
form a continuous circumferential chamber. or aa interspa-
cial reactor core 38S.

A geperally circular baffle support flange-plate 410 is
mounted to the end plate fiange 323 by a plurality of bolts
402. The baffie support plate 410 is further copnected w an
interior baffie support plate 400 having an opeaing 401. The
alloy wbe 325 and the inner combustion-air manifold 322
cxtend through the opening 491 to an extarpal air supply
header (not shown).

FIG. 5 shows a section view of the ceramic cawopic fuel
ducts 364, 374, At their upstream end 361. 371 the ducts
364. 374 begin at the baffle support plates 400, 416 and are
in communication with a plurality of eatropic fuel supply
nozzles 450 coanected to an external fuel supply source and
a combustion air ratioing device (not shown). The radially
disposed ducts 364, 374 extead the length of the ceramic
baffle inserts 330. 331 to ocutlets 362. 372. respectively.
adjacent the cntrance of the combustion chamber zone 316a.

FIG. 6 shows a3 section vicw of the array 380 of the
reactor-core cells 384 which form the circumferentially
configured rcactor core chamber 385, At their upstream cod
381 the cells 384 begin at the baffie support plates 400. 410
and are in communication with a plurality of pulverized
coal/gas fuel mixture supply nozzles 468 which are con-
nected to an external fuel flow control source (rot shown).
The interspacial reactor core 385 extends the length of the
ceramic baffie inscrts 330, 331 aad terminatcs at a mix/
ignition zone 382 jocated pear the entrance of the combus-
tion chamber zope 316a. A fossil fucl such as pulverized
coal, and & gas. such as methane. are dispensed into the
integspacial reactor chamber 388 through the fuel supply
pozzles 460.
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In the disclosed embodiment. an caopic fuel. such as
methane. and cornbustion air are entrained to burners and the
products of combustion are routcd through the frst apd
second arrays 360, 370 of the eawopic fuel ducts 364. 374
Conventional fuel burners (not shown in detail) wniriate and
maintain the pecessary pyrolytics for the supply of heat to
the multiple ducts 364, 374,

Refeming to FIG. 4. the outer combustion-air manifold
352 supplies oxygen or air to a plurality of radially extend-
ing air supply ducts 354 apd iaward to air inlet openings 356
in the combustion chamber 316 (as showp in FIGS. 5 and 6).
Combustion air is also siroultancously dispensed from the
inper combustiop-2ir manifold 322 ourward to a plurality of
radially extending air supply ducts 340 and air inlet open-
ings 341 in the combustion chamber 316.

The usc of a multi-cell ER-C 316 for fossil fuel provides
several advantages over conventional burner-type systems.
The burning process of entropic fuel in the ducts 364. 374
of the ceramic baffle inserts 330. 331 goncrates intense
pyrolytic source heat for copduction through duct watls 368.
378 of the first and second arrays 360. 370 of the cntropic
fuel ducts 364. 374. The reactor chamber 385 utilizes an
array 380 of unitized “cells” 384 which bound the intcrspa-
cial reactor chamber 385 It is believed that the pulverized
coal/gas fuel mixture, upon enwy into the cells 384. under-
goes a mechanical procedure 1o dispersc and diffuse the
pulverized coal/gas fuel mixture ro effect a reduction to 2
decimated 1710000 of original volumetric mass.

In the preferred embodiment. the outer air supply or
oxidizing media ducts 354 are cqually spaced apart by an
apgle alphs to form a planetary spoked pattern 3SS. The
inner air supply or oxidizing medis ducts 340, which are
cqual in number to the outer air supply ducts 354. are also
equally spaced apart by an angle alpha on a comesponding
planetacy spoked patern 3d4. As shown in FIG. 4. the
convergently spoked pauern 355 is relatively offset from the
divergently spoked pattern 344 by an angle of about ¥4 alpha.

It is belicved that the use of the radially positoned
inper/outer counterfiow directed air supply ducts 340,354 in
offset relation faciliates turbulence near the mux/igmtion
zone 382 in the combustion chamber 316 and results iz
diffusivity to maximize the dispersive mixing and particle
distribudon of the reactives. air and fuel. in the combustion
chamber 316. As a resull. the heated pulverized coal/gas fucl
mixture. or newly created fuel mixwre. is wnifonunly and
instantly exposed to the oxidative reaction. Pyrolytics cffect
the reaction-kinetics for reducing the size of the pulverized
coal/gas mixture within the interspacial reactor chamber 385
with the further desirable aspect that the rate-reactions will
increase as the molecular weight of the pulverized coal
decreascs.

The combustion technology of the ER-C 310 promotes a
detopative-oxidation of the newly created pulverized coal/
gas fucl mixwure to entropically maximize the internal
energy. or ¢lectrostatic potential. of the fuel molecule. The
molecular structure of the pulverized coal and methane gas
relative to the induced pyrolytics by the ER-C core 385 is
¢lectronically restructured. The resultaat moiecul ar reforma-
tions cffect the critical chemismas for promoting posidve
phase changes of the coal molecule from solid to liquid to
gas.

Like the singie-ccll ER-C 10 disclosed hereinabove, the
muld-cell ER-C 310 utilizes the aspects of photolysis, The
high dcasity radiation in the interépacial reactor chamber
385 effects a radical restructuring of the reactants (for
example. pulverized coal and mecthane) in & period of

e
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microseconds 1o a higher disbonding epergy level. further
maximizing the thermionically/plasmionically created exci-
tation state of photons and electrons. These reactions pro-
mote molecular decomposition, degradation. radicalization.
jonization and atomization of the pulverized coal.

The rapid ion-molecular rate-reactions effected by the
roulti-cell ER-C 310 maximize thermofiux and specific heats
beyond the limit and cfficiency of uny present flame-
syndrome burner system. Unlike the leagthy time sequeaces
for the combustion of fucls experienced by existing defla-
gration devices. the BER-C 31@ develops work chamber
temperatures in excess of thosc presently attined by amy
industrial or utlity plant. and at a lower cost. Averted by the
ER-C 310 arc the formation of flame cores resulting from
reforrned hydrocarbons having a higher ratio of carbon 1o
hydrogen. The present invention eliminatcs or substantially
reduces blocking char forming chemisms.

The multi-cell ER-C 310. in combinadon with conven-
tional catalytic additives. can cffect chemisms to plasmioni-
cally combine sulfurous and nitrous pollutants and substan-
tally convert them into inert stable compounds conforming
to BPA mandated specifications. Eliminaring this high price
for emission control costs would reflect a higha profn
margin for industrial or utility plant operations.

FIG. S shows an enmropic-reactar combustor 10 incarpo-
rating the principles of the present invemtion. The size,
shape. quantity. and configurative spacing of the entropic
fuel ducts 364. 374 geomstrically definos the corresponding
cells 384 which structurally equate to the resnltant interspa-
cial reactor chamber 385. Most preferably. the first array 360
includes twenty equally spaced ducts 364 disposcd on a
radius of approximately 32.0 cm (12.5 ioches) to form a
planetary pattere 366. The second anay 37¢ includes tweaty
cqually spaced ducts 374 disposed on a radius of approxi-
mately 493 cm (19.4 inches) w0 form an outer planetary
pattern 377, Disposed approximately at the center point of
the ducts 364. 374 initiating near the end plare flange 323 are
eatyopic fucl nozzles 450. In the preferred embodiment the
planetary patterns 366. 377 have coincident concentric cen-
ters C and about equal angular displacesuents beta. where
bet is approximately 18 degrees.

According to the invention. the interspacial reactor cham-
ber 385 preferably includes an amray 380 of rwenty equally
spaced gaps or cells 384 disposed on a radivs of approxi-
mately 39.6 cm (154 inches) to form 8 circumfercatal
planetary pattern 388. The planctary pattern 388 is offset
from the planetary patterns 366. 377 by an angle of about %
beta. or approximately 9 degrees. Disposed approximately at
the center of cach of the reactor chamber cells 384 are fossil
fuel nozzles 169.

In the disclosed embodiment. the heat conducted through
the walls 368. 378 of the ducts 364. 374 relates o the
composition and thickness. A peefarred thickness of approzi-
mately 30 ram (1.25 inches) would effect an optimum degree
of heat transfer for effecting the requisite amoont of radiant
heat. or photolysis. in the interspacial reactor chamber 38S.

Refemring now to FIG. 5 of the preferred embodiment. it
is scen that the refractocy chambers 314. 316, 318 may
cornprise a concentrically unitized structure. The outer
ceramic baffle 330 preferably comprises a generally circular
insert having an exzernal wall 334 which engages an interpal
wall 502 and outet port 512 of the reactor chamber refrac-
tary 314. An internal wall 335 of the inner ceramic baffle 331
engages an external wall 501 and outlet port 511 of the alloy
wbe 325. The interfaces 525 may be formed with any
ceramic material and bonding mortar.

-

10

As shown in FIGS. S and 6. the resident time of thermal
exposure to the pulverized coal/gas fuel mixture developed
in the reactor chamber cells 384 relates 1o the length L of the
cerunic baffles 330. 331 and the flow velocity of the
pulverized coal/gas fuel mixwre, In the preferred and illus-
tated embodiment. the length L is approximately 60 cm
(24.0 inches). The velocity of the pulverized coal/gas fuel
mixure through the interspacial reactor chamber cells 385 is
approximately 1.0 meter (3.3 feet) per sccond.

According to the invention. oxidizing media or
combustion-air is introduced in the combustion chamber
200¢ 316a through the inner aray of air supply ducts 340
from the inney combustion-air manifold 322. Combustion-
ait is simultaneously introduced in the corabustion chamber
zone 316¢ through the outer array of air supply ducts 354
from the outer combustion air manifold 352. The relanive
voluraemric air flows from the outer/inner manifolds 352, 322
can be about: 1.0 cubic meter (35.3 cubic fect) per second/
0.66 cubic racter (23.3 cubic ft) per second

20memee Adthough the invention has beer described with a certain
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sidlled in the art can make various chapges to it without
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departing fropp the spirt or scope of the invennb/n:s___’___/
hereinafrer claimed. ’ .
CAIMS

1 clairm:

1 A coal combustor for combustion of coal in fossil

burning plants. comprising:

a) a refractory including a reactor chamber. cormbustion
chamber, and discharge chamber serially congected
along 2 central longirudinal axis; said chambers
defining. respectively a reactor zone, combustion zone.
and discharge zone extending through said refractory;

b) a ceramic baffle insert concentrically disposed within
said reactor chamber;

c) said baffie insert defining at lcast one coal-gas passage;

d) a reactor core tbe scalingly engaged by said baffle
insert and in communication with said coal-gas pas-
sage; said reactor core tube extending longinidinally
through a portion of said reactar zone and terminating
in said combustion zonc. said reactor core tube opera-
uve to communicate & coal-gas mixtire from said
coal-gas passage to said combusdon zone;

¢) mcans for cammugicating an air-fuel mixture to said
reactor zonc including an axray of fuel burper duets
spaced from. and disposed around. said coal-gas pas-
sage and extendiog longitudinally through said ceramic
baffie insert;

f) mmeans for buraing said air-fucl mixmure in said rcactor
zone thereby heating said reactar core mbe and said
coal-gas mixture passing twough said core tube. by
conduction. before entry into said combustion zonc.

2. The combustor of claim 1. wherein said communicating

means further includes an array of air supply ducts disposed
around each burna duct in said array of fucl burner ducts
and extending longitudinally through said ceramic baffle
ipsert.

3. The combustor of claim 1. wherein said coal-gas
mixwure comprises pulverized coal and methane.

4. A coal combustor for combustion of coal in fossil

burning plants. comprising:

a) a reactor chamber rcfractory. combustion chamber
refractory. and discharge chamber refractory. serially
connected. the centers of said sefractories being dis-
posed on 2 common longitudinal axis; said chambers
defining. in serial communication. respectively. a reac-
tor zone. combustion zone, and discharge zone,

v

—

St
AL

T

7

{



HUs . ¢7. co@iased w2vev-00k05 Rid + Bosunseny 1 Filed 03/14/02  Page 17ref. 280

5.950.547

: 11

b) moans for supplying combustion air to said combustion
zone;

¢) an inper tefractory baffle insert extending along sub-
staptially the cotire length of said rcactor chamber
refractory and having an exterior wall; said inner bafflc
insert concentric relative 1o said reactor chamber
refractory and defining 2 first aray of integrated fuel
burner ducts extending longitudinally;

d) an outer refractary baffle insert extending along sub-
stantiatly the entire length of said reactor chamber
refractory and baving ao intcrior wall and cxtezior wall;
said outer bafflc insert concentyic refative 10 said reac-
tor chamber refractary and positioned intermediate said
reactor chamber refractory and said inner bafflc insert
and defining & second array of integratcd fuel burner
ducts extending longitudinally; said cxterior wall of
said outer baffie insert in sealing engagement with an
interior wall of said reactpr chamber refractory;

¢) means for supplying an air-fuel mixture through said
first and second arrays of fuel burner ducts:

f) an interspacial reactor chamber defined by said inner
baffic insert exterior wall and said outer baffie insert
interior wall;

g) means for supplying 2 coal-gas mixture through said
interspacial reactor chamber;

h) means for burning said air-fuel mixture in said first and
second arcays of fuel burner ducts. thereby heating said
outer baffic insert interior wall and said inper baffle
insert exterior wall and the coal-gas mixture passing
through said reactor chamber.

5. The combustor of claim 4. wherein said combustion air

supply means comprises an inner combustion air maanifold.

6. The combystor of claim § whersin said inncr combus-
tion air manifold comprises an alloy wbe concentric relative
to said reactar chamber refractory and exiending substan-
tially the entire length of ssid reactor chamber refractory and
said combustion chamber refractory; said alloy tube includ-
ing a plurality of air supply conduits extending radially
outwardly and termipating in said cornbustion zobe.

7. Tbe combustor of claim 6. whercin said combustion air
supply means further compriscs ag outer combustion air
manifold.

8. The combustor of claim 7. wherein said outer combus-
tion air mamfold defines a plurality of air supply coaduits
extending radially inwardly and terminagng in said com-
bustion zone.
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9. The combustor of claim 8. wherein sald outwardly
extending alr supply conduits are cqual i quantity to said
inwardly extcnding air supply conduis.

10. The combustor of claim 8. wherein said outwardly
extending conduits are substantially cqually spaced apartin
a first radial plane and said inwardly extending conduits are
substantially equally spaced apart in a second radial plane
and said first plane offset from said second plape.

11. The combustor of claim 4. wherein said air-fuel
mixture meags comprises ap air-fuel proportioping device in
communication with a plurality of nozzles that supply said
air-fyel mixmge to said respective fuel burner ducts.

12. The combustor of claim 4. whercin said burming
means comprises a burner disposed st an eaance cnd of
each said respective fuel burner ducts for igninng and
burning fuel.

13. The combustor of claim 4. wherein said fuel burner
ducts arc substantially circular in cross-section.

14. The combustor of claim 4. whezein said first ayay fuel
burner dvcts are cqual in quantity to said second aray fuet
burner ducts.

15. The combustor of claim 14, wherein said second array
fuel burner ducts are substantially equally angularly spaced
apart and said first array fuel burner ducts are substactially
equally angularly spaced apart and coincident to the apgular
spacing of said second array fuel burner ducts.

16. The combustor of claim 4. whetein said interspacial
reactor chamber includes a plurality of interconnceted cells
that form a contipuous circumferential gap intermediate said
inner baffie insert exterior wall and said outer baflle insert
interior wall and exteading substaptially the cntire length of
said reactor chamber refractory.

17. The combustor of claim 16. wherein said cells. said
first agray fuel burper ducts. and said secopd amay fucl
burner ducts are equal in quantity.

18. The combustor of claim 17. wherein said cells are
substantially equally angnlarly spaced apart and relatively
offsct from said fuel burner duocts.

19. The combustor of claim 16. whercin said coal-gas
supply mecans camprises a fuel flow control source in
commugication with a plurality of nozzles that supply said
coal-gas mixtre to said respective cells
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COMBUSTION PROCESS

This is a Divisional application of applcation Ser. No.
08/897,939. filed on Jul. 21, 1997.

FIELD OF THE INVENTION

The present invention relates generally to a coal combus-
tor and, more specifically, will be referred to a5 an entropic
reactor for the combustion of coal in fossil burning plants,
such as udlity plants.

BACKGROUND ART

Most fossil burming plants, such as utility plants, presently
urilize a burning or firing combustion process in which most
of the thermochemical reacuon takes place beyond the
bumer duct port in the furnace work chamber. Further
oxidation of the unburned fuel particles exiting the burner is
termed “residual-combustion” and equates to a degree of
ineffciency. The negative resultant aspects following inidal
combustion in the burmer effects the reformulation of
unburned hydrocarbons having a higher ratio of carbon to
hydrogen, an added dewiment to the further completion of
combuston. In order to finalize combuston. excessive
amounts of combustion air must be introduced into the work
charober and various methods of under/over firing with
gaseous fuels must be utilized 1o effect “reburn.” This results
in over-voluminous, inefficient and high cost boiler struc-
tures.

Past attempts by various firms knowledgeable in the art of
thermochemical combustion to dsvelop 2 combustor
designed to complete all oxidizing rate-reactions have
failed. During the 1980s the DOE funded millions of dollars
10 such projects. Operatiopally, the then designed combus-
tors thermochermically failed to totally oxidize the carbonic
elements. This resulted in a graphitic “char” formation
causing clogging and eventual shutdown of the process.

Present firing combustion processes also exhibit post
combusuon problems which adversely affect the environ-
ment. Pollutants' formed by sulfurous compounds and
nitrous oxides and partculates, unless treated by expensive
control systems, typically result from presently uulized
combustion processes. A more advanced thermotechnical
method for the oxidative combustion of hydrocarbons is
desirable in order 1o eliminate or reduce problems associated
with these pollutants.

DISCLOSURE OF THE INVENTION

The present invention provides a new and improved

thermotechmology for the design of a combustor for use in,
for example, Steam generation in the boiler of a utility power
plant. The disclosed Enmopic Reactor-Combustor (ER-C)
structure includes a reactor chamber, combustion chamber,
and discharge chamber serially connected along a central
axis.
In one preferred embodiment, the structure is formed as a
single-cell entropic-reactor combustor (ER-C). I this
embodiment, each chamber is made of 8 high temperamre
and corrosion resistant material such as a refractory/ceramic
material. These refraciory chambers define, respectively, a
reactor zone, combuston zone, and discharge zone that
extend through the refractory.
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According to an illustrated embodiment of the invention,
the combustion chamber comprises & venwuri and the dis-
charge chamber comprises a diverging nozzle. The single-
cell ER-C includes a ceranuc baffle insert that is concenti-
cally disposed within the forward end of the reactor
chamber. According to the inveation, the baffle defines ar
least one coal-gas passage extending longitudinally through
the baffle and includes means for conynunicating an air-fuel
mixture to the reactor zone. A reactor core tube, made of a
refractory marerial. is sealingly engaged by the baffie. The
core of the tube is in fiuid communication with the coal-gas
passase. The tube extends longitudinally through a portion
of the reactor zone and terminates into the combustion zone.
The reactor core ube communicates a coal-gas mixture from
the coal-gas passage to the combustion 2one. Means are
provided for burning the air-fuel mixture in the reactor zone
thereby heating the reactor core tube. The coal-gas mixwre
passing through the reactor core wbe is thereby heated by
conduction through e tube before entry into the combus-
tion zone.

By urradiating the coal-gas mixture with heat energy the
volumetric specific heat of the mixture is substantally
raised. It is believed that this irrediavion (which may be
termed pbotolytic irradiation) jonizes the coal molecule and
causes ¢ debonding of its molecular structure. A molecular
reformation of the coal and gas takes place that creates a new
fuel mixture before the mixture is discharged from the
reactor core mube. This reswucturing of the coal-gas mixrnure
effects a more effective and ¢fcient buming upon combus-
don in the combustion chamber so that carbon by-products
ot graphitic build-up in the work chamber is substantially
reduced or eliminated.

~ According to a feature of the invention, the air fuel
mixture is communicated by means of an amay of fuel
burner ducts spaced from and disposed arouad the coal-gas
passage, and extending longitudinally through the ceramic
baffle insert. Disposed around each fuel bumer duct is an
array of air supply ducts extending longimdinally through
the ceramic baffle insert.

7 According to another featurs of the invention, the com-
busnon chamber includes a plurality combustion air supply
pipes extending radiaily through the chamber and termunat-
ing into the combustion zone. The air supply pipes are
equally spaced apart around the petiphery of the combustion
chamber. There are an even quantity of air supply pipes so
that any pipe in the array is diagonally opposed from another
pipe in the array.

In another preferred embodiment, the estropic reactor
combustor (ER-C) comprises a plurality of cells that are
used to achieve the desired amount of volumetric specific
heat, The design of the reactor chamber is based dn. an array
of planetarily positioned unitized cells. The reacior chamber
comprises a ceramic baffle in concenmic relarion 1o the
reactor core chamber. Extending longitudinaily through the
baffle, and spaced a distance from the reactor core center, i§
a first array of integrated ceramic engopic fuel tubes, or
ducts. disposed on 2 first inner radius and a second array of
relatively larger ceramic tubes, or ducts, disposed on a Jarger
second radius. Interposed between the first and second
radially disposed ducts is an array of corresponding cavity
ducts. or gaps, which form a series of interspacial reactor
core cells, or a confinuous planetary circumferential reactor
chamber.

18
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A fuel mixture, such as pulverized coal and methane gas.
is dispensed into the interspacial reactor core chamber cells
through a series of pulverized coal/gas supply nozzles
attached to the ends of the reactor core chamber cells. An
entropic fuel. such as methane gas, and combustion air are
combined in the first and second array of entopic fuel ducts
through a series of air/gas mix supply nozzles arached to the
ends of the tubes. The air/gas mixrure, when burned in the
multiple series of entropic fuel ducts, generates intense bheat
required for conductivity through the walls of the entopic
fuel ducts enclosing the interspacial reactor core chamber
The conducted source of continuous heat from the outer
surface of the reactor core chamber is radisted to the inner
surface of the reactor core to heat the pulverized coal/gas
fuel mixture during passage through the reactor core cham-
ber.

It is believed that in the disclosed apparatus the pulverized
coal particles ace initally subject to a sufficiently powerful
thermalytically induced radiation to degratively decompose
the molecular structure of the pulverized coal particles. The
thermalytic process maximizes the entropy. and therefore,
increases the internal elecoostatic energy of the coal mol-
ecule. During further passage through the interspacial reac-
tor core chamber the irradative exposure causes ctitical
phase changes, promoting & vaporous/gaseous state.
Concurrently, additional rapid operatives promoted by ion-
ization and radicalization of the coal molecules effect reg-
uisite molecular reformations critical 0 subsequent
detonative-oxidation of all carbonic elements of the coal
particle in the downstream ER-C combustion chamber.

Unlike presently utilized conventional flame combuston
devices or coal-firing systems, tbe ER-C thermal rechnology
maximizes thermofiux and specific heats beyond the capa-
bility and efficiency of any existing flame syndrome burner.
It is believed that, unlike existing industrial or utility power
plants having lengthy time sequences for burmning fuels by
flame combustion, the ER.C process develops improved
thermal efSiciencies at lower costs. The ER-C substantially
avents the problems involving the formation of flame cores
resulting from reformed hydrocarbons having 8 higher ratio
of carbon to hydrogen. Flame cores typically result in an
undesirable graphitic phase blocking char formation. The
high temperature reactions developed by the ER-C act to
vaporize the inclusive inert minerals and promote further
chemisms to atomiz¢ any potentially present tars/chars 10 a
gaseous state.

According to another feature of the invention, the ER-C,
when utilized with catalytic additives, can convert pollutant
by-products, such as sulfur compounds and nitrous oxides
into ineit, stable compounds. Consequenty, the post com-
bustion and stack emissions conmol costs borm by fossil
buming plants operated by coal firing may be substantially
reduced. )

According to yet another feature of the invention, insu-
Iation is disposed ayound the periphery of the refractory
material.

Additional features of the invention will become apparent
and a fuller understanding obtained by reading the following
detailed description made in copnection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a section clevadional view of a single cell

entropic reacior combustor showing reacior. combustion,

and discharge zones.
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FIG. 2 is a section view of the FIG. 1 single cell enwropic
reactor combustor as seen from the plane 22 in FIG. 1
showing an array of air and fuel ducts.

FIG. 3 is a broken section elevarional view of an alter-
native embodiment of the single cell entropic reactor com-
bustor showing a divexging discharge nozzle.

FIG. 4 is an end elevation view of an entropic reactor
combustor constructed in accordance with the present inven-
ton.

FIG. S is a section view of the FIG. 4 entropic reactor
combustor as seen from the plane 5—S in FIG. 4 showing
first and second aray ducts.

FIG. 6 is a section view of the FIG. 4 entropic reactor
combustor as seen from the plane 6—6 in FIG. 4 showing
an interspacial reactor chamber.

BEST MODE FOR PRACTICING THE
INVENTION

FIGS. 1 through 3 illustrate the overall construction of a
“single-cell” Enmopic Reactor Combustor (single-cell
ER-C) 10. As shown in FIG. 2, the single-cell ER-C 10
includes a reactor chamber refractory 14, combustion cham-
ber refractory 16, and discharge chamber refractory 18
cornected in series and defining, respectively. a2 reactor
chamber zone l4a, combustion chamber zone 1l6a and
discharge chamber zone 184, The combuston chamber
refractory 16 includes a venwri passage defined by aq unwer
wall 22 of the combustion chamber refractory 16. As shown
in FIGS. 2 and 3, the discharge chamber zone 18a may
compris¢ a uniform cylindrcal chamber or a diverging
nozzle. Disposed around the periphery of each refractory
chamber 14, 16, 18, is a high temperature insulation material
15, 17. 19, respectively, and a combustor support housing 20
connected to a end plate flange 23. In concentric relation to
the three chambers 14, 16, 18 is a ceramic baffle insert 30
which extends through an opening 101 in the end plate
flange 23 and a resctor core twbe 84. An outer wall 34 of the
ceramic baffle insert 30 sealingly engages the forward end of
an inner wall 202 of the reactor chamber 14. The reactor coce
tube 84 extends substantally the length of the reactor
chamber zone 14a whereby one end of the reactor core tube
84 is sealingly engaged by a recess 39 in the ceramic baffle
insert 30 and the other end is supported by a ceramic wbe
support 26 and terminates into the combustion chamber zone
16a of the single-cell ER-C 10.

As shown in FIGS. 1 and 2 of the disclosed embodiment,
the ceramic baffle insert 30 defines an array of entropic fuel
burner ducts or pipes 64 and an axray of air supply ducts 65
that are disposed around each fuel burner duct 64. The fuel
burner ducts 64 and air supply ducts 65 extend longirudi-
nally through the ceramic baffle insert 30 and terninare ino
the reactor chamber zone 14a (as ghown in FIG. 1). In the
disclosed embodiment, there are five equally spaced fuel
bumner pipes 64 disposed on a radius r, and six equally
spaced air supply ducts 65 surrounding each fuel burner pipe
64.

A fanged combustion air chamber 110 is mourned to the
end plate flange 23 by a plurality of-fasteners or welds. The
air chamber 110 allows combustion air to enter each air
supply duct 65 at substantially the same volumetxic flow rate
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and pressure. The fuel bumner pipes 64 extead rearwardly
through the air chamber 110 and are connected to an extemal
entropic fuel supply sousce (not shown). Conventional seal-
ing methods can be used to seal the interface berween the
fuel bumer ducts 64 and the air chamber 110.

In the disclosed embodiment, an enwopic fuel, such as
methane, and combustion air are entrained 1o burners and the
products of combustion are routed through the reactor
chamber zone 14a. Conventional fue] burners (not shown)
initiate and maintain the necessary pyrolyucs for the supply
of heat to the reactor core tube 84, The buming of the
entropic fuel in the reactor chamber zone l4a generates
intense pyrolytic source heat for conduction through the wall
of the reactor core tube 84,

The ceramic baffle insert 30 further defines a pulvenzed
coal/gas supply nozzle 85 which is in fluid communication
with the reactor core tube 84 and a pulverized coal/gas
supply passage 86 connected to an extemal coal/gas flow
control source (not shown). According to the invention, &
gas, such as methane, and pulvenzed coal particles are
dispensed into the reactor-core Tube 84 through the pulver-
ized coal/gas supply nozzlc 85.

The reactor chamber 14 acts as a molecular reactor. The
vitense heat from the burning methane/air mixture in the
reactor chamber zone lda pyrolytically heats the reactor
corc tube 84. The heated reactor core rube 84, in tum,
photolytcally heats the puiverized coal/gas fuel mixrure
flowing through the reactor core 84. In effect, the chernisms
that rake place in the reactor core 84 radiclize the methane
gas and pulverized coal. The coal paricies and gas are
wradunted with high energy photons within the reactor core
tube 84, thereby substantially raising the specific heat of the
coal/gas fuel mixture. The photons reach an energy equal w0
or higher than thar of an clectron, which causes electrons 1o
be continually emitted. It is believed that this photolytic
irradiation ionizes, or degradates, the coal molecule, and
causes a debonding of its molecular erructure. The gas has a
hydrogenolysss effect on the pulverized coal. In other words,
two hydrogen atoms are freed from the methane gas
molecule, and carbon atoms from the pulverized coal bond
to these two freed hydrogen atoms. For this reason, it is
necessary that the gas have a sufficient amount of hydrogen
o degradate the coal molecule. The gas selected should
preferably have a high hydrogen to carbon ratio as in. for
example, methane gas (CH,). It is also believed that subli-
mation takes place during passage of the pulverized coal/gas
fuel mpixrure through the reactor core tabe 84; that is, the
irradarive exposure causes 2 phase change in the pulverized
coal/gas fuel mixture to & vaporous/gaseous sote. The new
fuel compnses a new group of combustible chemisms that is
in the form of a vapor upon discharge from the reactor
chamber 14. -

Upon entry into the combustdon chamber zone 16a. the
new fuel undergoes detonative oxidation combustion. In the
peeferred and illustrated embodiment, the oxidizing media
used to oxidize the new fuel flows perpendicular to the path
of the new fuel. As shown in FIGS. 1 and 2, a plurality of
combustion air supply pipes 54 extend redially inward
through the combustion chamber refractory 16 and terminate
into the combustion chamber zone 16a vig respective air
inlet openings 56 defined by the inside wall 22 of the
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combustion chamber refractory 16 The air supply pipes 54
are in communication with a combustion air manifeld 52
connected to a combustion air supply source (not shown). In
the disclosed embodiment, the air supply pipes 54 are
equally spaced apart to form a planerary spoked pawern SS.
The air supply pipes 54 awe positioned so that the flow of
combustion air into the combustion chamber zone 16a is
perpendicular to the flow of the pulverized coal/gas fuel
mixrure discharged from the reactor core tube 84. As shown
in FIG. 1, an even amount of air supply pipes 54 is
preferably used so that flow from one air supply pipe 54
collides with flow from its opposing air supply pipe 54. Iris
believed that the use of counterfiow directed air supply pipes
§4 facilitates turbulence in the combustion chamber zone
16a and subsmantially promotes uniform and instant expo-
sure of the surface areas of coal partcles to oxidatve rate
reacdons.

The present inventon provides significant advantages
over conventional burner-type systems. It is believed that by
hydrogenating the coal molecule before combustion, that the
build-up of unburned hydrocarbons that is found in flame
combustion or coal-firing Systems is substanually reduced.
According to the present invention, the pulverized coal is
treated in such 2 manner that there is no substantial devel-
opment of double bond carbon elements o produce a
graphite. As alluded 1o above, it is believed that the carbon
adheres to the free hydrogen and then becomes a liquid that
is later vaporized. Consequently, the ER-C 10 substantially
prevents reforroed hydrocarbons and graphitic formation
that is characteristic of & conventional burner or flame-type
sysiem. .

A bench test model was constucted and tested to dem-
onstrate the principles of the invention with the following
dimensions and operating parameters. The reactor charnber
zone 142 has a diameter of 10.01" (25.0 cm), length 24.0°
(60.0 cm), circumference 31.42" (78.54 cm), and volume
1700 (26,800 cm?). The reactor core ceramnic tube 84 has
a diameter of 3.0” (7.5 cm), length 24.0" (60.0 cm), circum-
ference 9.42" (23.6 cm). end volume 1680 (2652 cm?).
The combustor chamber zone 16a has a diameter of 8.0"
(20.0 cm), length 10.0” (25.0 cm), ciccumference 25.17 (62.8
cm), and volume 510"? (8000 em”).

The ceramic baffle insert includes an array of five enwopic
fuel burmer ducts 65, each duct having a diameter of %
inches. The volumermic flow rae of methane gas through
each duct 65 is 371 f/h (10.5 m’/h). Combustion-air is
communicated to the reactor core chamber 14a via an array
of five air supply ducts 65 that are disposed around ¢ach fuel
burner duct 64. Each air supply duct 65 is preferably %
inches in diameter. There are a total of 25 awr supply ducts
65. The volumetric flow rate of the combustion air is about
3175 f3/h (0 m*/). The ratio of the circumferential surface
area of the refractory reactor chamber zone 14 to the
volume of the reactor chamber zone 14a is 1.0/2.5 (based on
4712 cm?/26800 cm®, or 754"%/1700"%).

The mass fiow rate of the pulverized coal particles dis-
pensed inw the reactor core wbe 84 through the pulverized
coal/gas supply passage 86 and nozzle 85 is about 80 lb/h
(36 kg/h, or 10 grams/s). The volumetic flow rate of the
methane gas through the passage 86 and nozzle 85 is 380
f/h (10.8 m?h, or 3000 cm?/s). The resuling rato of
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methane gas to pulverized coal is 300 cm's gas to 1.0
gram/s pulverized coal. A prefened diameter of the pulver-
ized coal/gas supply passage is 1.I57 (3.125 cm). The
circumferemtial surface area of the reactor core tube 84
(based on the internal diameter) is 226"2 (1415 cm®). The
ratio of the circumferennal surface area of the reactor core
wbe 84 to the core volume of the reactor core mibe is
226"2/168" (1415 cm™/2640 cm’).

The ER-C 10 includes four equally spaced radially posi-
tioned combustion air supply pipes 54 for directing air flow
perpendicular to the flow of the reformulaied pulverized
coal/gas fuel expelled from the reactor core wbe 84. Each
pipe 54 has a diameter of 2.0” (5.0 cm). The combustion air
flow rate through each air supply pipe 54 is about 360 m*/b
(90 m’Mm). The venturi defined by the wall 22 of the
combustion chamber refractory 16 is approximately a 25
cm:20 cm reduction in cross-sectional area. The volumerric
flow rate of the pulverized coal/gas fuel mixure expelled by
the nozzle 85 enters the combustor combustion chamber
zone 16a at approxsmately 13,000 cro®/s (46.8 m>/h).

The temperature in the reactor chamber zone 14g was
approximately 3000-3200 degrees F. The temperature real-
ized by the coal/gas fuel mixture in the combustion chamber
zone 16a was approximately 2400-2600 degrees F. The
temperature of the combustor chamber was about
3300-3500 degrees F. The power ourput realized was
approximately 360,000 KCal/h (1,500,000 Bru/h).

Referring now to FIGS. 4 through 6, snother preferred
embodiment is illustrated showing the overall constructon
of 2 “multi-cell” Enmopic Reactor-Combustor (ER-C) 310
for converting chemical energy of a fossi! fuel o thermal
energy for use in an induswial or utility power generaton
plant. As shown in FIG. §, the muld-cell ER-C 310 includes
a reactor chamber refractory 314, combustion chamber
refractory 316, and discharge chamber refractory 318 con-
nected in series and encased in & combustor support housing
320 with a end plate flange 323. The chambers 314, 316, 318
define, respectively, a reactor chamber zone 314a, combus-
tion chamber zone 3164, and discharge chamber zone 318a.
In concentric relation to the three chambers 314, 316, 318 is
an alloy ube 325 extending through the reactor chamber
zone 3144 to the entry of the combushon chamber zone 316a
which defines an inner oxidizing media or combustion-air
manifold 322 for contwolling flow of oxygen or air to the
combustion chamber zone 316a. An ourer ceramic baffle
insert 330 and ag inner ceramic baffle insert 331 are cir-
cumferentially positioned between the alioy tube 325 and
the reactor chamber 314.

In communication with the inner air manifold 322 are a
plurality of radial air supply ducts 340 extending outward to
openings 341 in the alloy tube 325. As shown in FIG. 4. an
outer oxidizing media or combustion-air ranifold 352 also
has a plurality of radial air supply ducts 354 extending
inward to openings 356 in the combustion chamber 316.

The inner ceramic baffle insert 331 defines an array 360
of miegrated entropic fuel burner ducts 364 disposed on 2
first radius R1 and the outer ceramic baffle insert 330 defines
an array 370 of larger entropic fuel burmer ducts 374
disposed on 3 larger second radius R2, Between the first and
second radially disposed entropic fuel ducts 364, 374 is an
wray 86 of configurated cells 384 disposed on an interme-

25

is

45

50

55

63

bad 8
diate radius R. The open spaces or voids of the cells 384
form a continuous circumferential chamber. or an interspa-
cial reactor core 385,

A generally circular baffle support flange-plate 410 is
mounted 1o the end plate flange 323 by a plurality of bolts
402. The bafile support plate 410 is further connected to an
interior baffie support plate 400 having an opening 401. The
alloy wbe 325 and the inner combustion-air manifold 322
extend through the opering 401 to an external air supply
beader (not shown).

FIG. S shows 2 section view of the cernmic entopic fuel
ducts 364, 374. At their upstream cnd 361, 371 the ducts
364, 374 begin ar the bafile support plates 400, 410 and are
in communication with 2 plurality of entopic fuel supply
nozzles 450 connected to an external fuel supply source and
a combustion air ratioing device (not shown). The radially
disposed ducts 364, 374 extend the length of the ceramic
baffle inserts 330, 331 w outdets 362, 372. respectively.,
adjacent the entrance of the combustion chamber zone 316a.

FIG. 6 shows a section view of the array 380 of the
reactor-core cells 384 which form the circumferentially
configured reactor core chamber 385, At their upstream end
381 the cells 384 begin at the baffle support plates 400, 410
and are in communication with a plurality of pulverized
coaligas fuel mixture supply nozzles 460 which are con-
nected o an external fuel flow control source (not shown).
The interspacial reactor core 385 extends the length of the
ceramic baffle inserts 330, 331 and terminates at 2 mix/
ignition zone 382 located near the entrance of the combus-
tion chamber zone 316a. A fossil fuel, such ns pulverized
coal, and a gas, such as methane, are dispensed into the
interspacial reactor chamber 385 through the fuel supply
nozzles 460.

In the disclosed embodiment, an enwopic fuel, such as
metbane, and combustion air are entrained to burpers and the
products of combustion are routed through the first and
second arrays 360, 370 of the entropic fuel ducts 364, 374.
Conventional fuel burners (not shown in detail) initiate and
maintain the necessary pyrolytics for the supply of heat to
the multiple ducts 364, 374.

Referring 10 FIG. 4, the outer combustiop-air manifold
352 supplies oxygen or air to a plurality of radially exiend-
ing air supply ducts 354 and inward 1o air inlet openings 356
in the combustion chamber 316 (as shown in FIGS. Sand 6).
Combustion air is also simultaneously dispensed from the
inner combustion-air manifold 322 outward to a plurality of
radially extending air supply ducts 340 and air inlet open-
ings 341 in the combustion chamber 316.

The use of a multi<cell ER-C 310 for fossil fuel provides
several advantages over conventional bumer-type systers.
The burning process of entropic fuel in the ducts 364, 374
of the ceramic beffle inserts 330, 331 generates intense
pyrolytic source heat for conduction through duct walls 368,
378 of the first and second arrays 360, 370 of the entropic
fuel ducts 364, 374. The reactor chamber 385 utilizes an
array 380 of ynitized “cells” 384 which bound the interspa-
cial reactor chamber 385. It is believed that the pulverized
coal/gas fuel mixture, upon entry into the cells 384, under-
goes 2 mechanical procedure 10 disperse and diffuse the
pulverized coal/gas fuel mixture to effect a reduction to a
decimated Yiooo of original volumetric mass.
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In the preferred embodiment. the outer air supply or
oxidizing media ducts 354 are equally spaced apart by an
angle alpha to form a planctary spoked partern 355, The
inner nir supply or oxidizing media ducts 340, which are
equal in number to the outer air supply ducts 354, are also
equally spaced apart by an angle alpha oun 2 corresponding
planetary spoked panern 344. As shown in FIG. 4, the
convergently spoked patern 355 is relatively offset from the
divergently spoked pattern 344 by an angle of about ¥4 alpha.

It is believed that the use of the radially positioned
inner/outer counterflow directed air supply ducts 340, 354 in
offser reladon facilitates turbulence nenr the mix/ignition
zone 382 in the combustion chamber 316 and results in
diffusivity to maximize the dispersive mixing and particle
distribution of the reactives, air and fuel, in the combustion
chamber 316. As a result, the heated pulverized coal/gas fuel
mixture, of newly created fuel mixture, is uniformly and
instantly exposed (0 the oxjdadive reaction. Pyrolytics cffect
the reaction-kinetics for reducing the size of the pulvenized
conl/gas mixture within the interspacial reactor chamber 335
with the further desirable aspect that the rate-reactions will
increase as the molecular weight of the pulverized coal
decreases.

The combustion technology of the ER-C 310 promotes a
deronative-oxidation of the newly created pulverized coal/
gas fuel mixrute to entropically maximize the internal
energy, or electrostatic potential, of the fuel molecule. The
molecular structure of the pulverized coal and methane gas
relative to the induced pyrolytics by the ER-C core 385 is
elecomnically restructured. The resultant molecular reforma-
tions effect the critcal chemisms for promoting positive
phase changes of the coal molecule from solid to liquid w
gas,

Like the single-cell ER-C 10 disclosed hereinabove, the
mult.cell ER-C 310 utilizes the aspects of photwolysis. The
high density radiation in the interspacial reactor chamnber
385 effects a radical restructuring of the reactants (for
example, pulverized coal and methane) in a period of
microseconds to 2 higher disbanding energy level, further
maximizing the thermionically/plasmionically created exci-
taton staee of photons and electrons. These reactions pro-
mote molecular decomposition, degradation, radicalizaton,
ionization and atomization of the pulverized coal.

The rapid ion-molecular rate-reactions effected by the
multi-cell ER-C 310 maximize thermofiux and specific heats
beyond the limit and efficiency of any present flame-
syndrome bumner system. Unlike the lengthy time sequences
for the combustion of fuels experienced by existing defia-
gration devices, the ER-C 310 develops work chamber
temperanures in excess of those presently attained by any
industrial or utlity plant, and at a lower cost. Avered by the
ER-C 310 are the formaton of flame cores resulting from
reformed hydrocarbons having a higher ratio of carbon to
hydiogen. The preseat invention eliminates or substantially
reduces blocking char forming chemisms.

The multi-cell ER-C 310, in combination with conven-
donal catalytic additives, can effect chemisms to plasmiom-
cally combine sulfurous and nitrous pollutants and substan-
ually convert them into inett stable compounds conforming
to EPA mandated specifications. Eliminating this kigh price
for emission control costs would reflect 2 higher profit
margin for industrial or utlity plant operations.

—

15

35

45

50

55

65

10

FIG. § shows an entropic-reactor combustor 10 incorpo-
raung the principles of the present invention. The size,
shape, quantity. and configurative spacing of the enwopic
fuel ducts 364, 374 geomerrically defines the comesponding
cells 384 which structurally equate to the resultant interspa-
cial reactor chamber 385. Most preferably, the first array 360
includes twenty equally spaced ducts 364 disposed on 2
radius of approximately 32.0 cm (12.5 inches) to form a
plancrary pattern 366. The second array 370 includes twenty
equally spaced ducts 374 disposed on a radius of approxi-
mately 49.3 cm (19.4 inches) o form an outer planetary
pantern 377. Disposed approximately ar the center point of
the ducts 364, 374 initiating near the end plate flange 323 are
eatropic fuel nozzies 450. In the preferred embodiment the
planerary patterns 366. 377 have coincident concentric cen-
ers C and abour equal angular displacements beta, where
beta is approximately 18 degrees.

According to the invention, the interspacial reactor cham-
ber 385 preferably includes an array 380 of twenty equally
spaced gaps or cells 384 disposed on a radius of approxi-
mately 39.6 cm (154 inches) o form & circumferential
planetary paern 388. The planetary parern 388 is offser
from the planetary patterns 366, 377 by an angle of about ¥
beta, or approximately 9 degrees. Disposed approximarely at
the center of each of the reactor chamber cells 384 are fossil
fuel nozzles 160.

In the disclosed embodiment, the heat conducted through
the walls 368, 378 of the ducts 364, 374 relues to the
composition and thickmess. A preferred thickness of approxi-
mately 30 mm (1.25 inches) would effect an oprimum degree
of heat cansfer for effecting the requisite amount of radiant
heat, or photolysis, in the interspacial reactor chamiber 385.

Refecring now to FIG. 5 of the preferred embodiment, it
is seen that the refractory chambers 314, 316, 318 may
comprise & concentrically unitized structure. The ourer
ceramic baffle 330 preferably comprises a generally circular
insert having en external wall 334 which engages an internal
wall 502 and outlet port 512 of the reactor chamber refrac-
tory 314. An intemnal wall 335 of the inner ceramic baffle 331
engages an external wall 501 and oudet port 511 of the alloy
tube 325 The interfaces 525 may be formed with any
ceramic material and bonding mortar,

As shown in FIGS. 5§ and 6, the resident time of thermal
exposure to the pulverized coal/gas fuel mixrure developed
in the reactor chamber cells 384 relates to the length L of the
ceremic baffles 330. 331 and the fow velocity of the
pulverized coal/gas fue! muxture, In the preferred and illus-
trated embodiment. the length L is approximately 60 cm
(24.0 inches). The velocity of the pulverized coal/gas fuel
mixture through the interspacial reactor chamber cells 385 is
approximately 1.0 meter (3.3 feet) per second.

According to the invention, oxidizing media or
combuston-air is intwoduced in the combuston chamber
zone 316a through tw inner array of air supply ducts 340
from the inner combusnon-air manifold 322. Cornbustion-
air is simultaneously introduced in the combustion chamber
zone 3164 through the outer array of air supply ducts 354
from the outer combustion air manifold 352.-The relative
volumetric air flows from the outer/inner manifolds 352, 322
can be abour: 1.0 cubic meter (35.3 cubic feet) per second/
0.66 cubic meter (23.3 cubic ft) per second.
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Although the invention has been described with a certain ¢) introducing 8 non-oxidizing gas/coal mixture into said
degree of particularity it should be understood that those reactor core rube;
skilled in the art can make various changes to it withour d) transferring heat energy (o the gas/coal mixwure such
departing from the spirit or scope of the invention as that the specific heat of the mixmre is substantially
hereipafter claimed. : 5 raised;

= What is claimed is:

Pad

1. A combustor method for reating and reacring pulver-

ized coal for use in a fossil fuel buming plant, comprising:

) providing a refractory defining a reactor core and a
combustor chamber in serial communication;

b} heating said reactor core;

¢) introducing a non-oxidizing gas/coal puxture into said
reactor core;

d) transferring heat energy to the gas/coal mixmure by
phowolytically heating the gas/coal mixwre flowing
throygh the reactor core such that the specific heat of
the mixture is substantially raised;

¢) discharging the henred gas/coal mixture from the reac-
tor core into the combustor chamber; and

V/#' —2__ f) inwoducing an oxidizing medium into the combustor

()a/l‘/T 0
w

chamber 10 oxidize the heated gas/coal mixture dis-
charged by the reactor core.
2. A method for teating and combusung pulvenized coal

for use in a fossil fuel burning plant, comprising:

2) providing a refractory defining a reactor core twbe and
a combustion chamber in serial communication;

b) heating said reactor core tube;

10

15

. ¢) discharging the heated gas/coal mixture from the reac-
tor core tube into the combustion chamber; and

f) inroducing an oxidizing mediwn into the combustion
chamber 0 oxidize the heared gas/coal muxmre dis-
charged by the reactor core tube.

3. A method for eating and combusting pulverized coal

for use in a fossil fuel buming plant, comprising:

a) providing a refractory defining & reactor core tube and
a combustion chamber in serial communication;

b) heating said reactor core tube;

¢) introducing a methane gas/coal mixeure into said reac-
tor core tube;

d) mansferring heat energy 10 the gas/coal mixture such
that the specific heat of the mixture is substannally
raised;

¢) discharging the heated gas/coal mixture from the reac-
tor core tube into the combustion chamber; and

) introducing an oxidizing medium into the combustion
chamber 10 oxidize the beated gas/coal mixture dis-
charged by the reactor core tube.

® T T =% -
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