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COOLED GASIFIER VESSEL THROAT PLUG WITH INSTRUMENTATION
CAVITY

BACKGROUND OF THE INVENTION

{00011 The subject matter disclosed herein relates to the gasification of
materials, and, in particular, {0 a cooled throat plug for a gasifier vessel, the throat

plug wcluding an nstrumentalion cavity.

{0002} Gastfication is a partial oxidation process that converls carbonaceous
materials, such as coal, petroleum, or biomass, into ¢carbon monoxide and hvdrogen
by reacting the raw material at high temperatures with a controlled amount of oxvgen
andfor steam. The resulling gas nuxiwre s called svnthests gas or “svngas™, which

iself 1s a fuel Gasification is a relatively efficient method for extracting energy from

many different types ol organic matenials, and also has application as a clean waste

disposal technique.

{0003] An advantage of gasification is that use of the syngas is relatively more
efficient than direct combustion of the original fuel. As a resuli, more of the energy
contained in the fuel is extracted. Syngas mav be bumed directly in internal
combustion engines, used {0 produce methanol and hydrogen, or converted via the
Fischer-Tropsch process into svnthetic fuel. Gasification can also begin with materials
that are not otherwise usefud foels. such as biomass or organic waste. In addition. the
high~temperature combustion refines out corrosive ash elements such as chioride and

potassium, allowing clean gas production from otherwise problematic fuels.

{0004} Gasification of fossil fuels 15 currently widelv unsed in electricity
generation. For example, the svogas can be cleaned and then sent to a gas
turbine/steam turbine combined cycle svstem where it 1s used 1o generale electriaity.
Pollution causing enussions are captured and cost ellectively removed from the
svagas siremmn before combustion, Thus, the overall svstem converis, e.g.. coal nto a
cleaner barning luel for generation of electrioity therefrom. Such an overalt system is

oftentimes referred to as an integrated gasification combined cycle HGCC) system,
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{0063] Almost any type of organic matenial can be used as the raw matenal
for gasification, such as wood, biomass, or even plastic waste. Thus, gasification may
be an important technology Tor renewable energy. In particular bionwass gasification

can be carbon neutral.

{0006] Gastfication of fossil fuels tvpically takes place in a chamber or
refractory vessel called a gasifier vessel, which commonly is an internally coated
metal structwre. Gasifier vessel floovs fvpically mclude an inverted frusto-conical
throat to allow svothesis gas to flow out of the gasifier vessel. A melal gasifier floor
supports refractory material, such as a ceramic brick, thai covers the metal floor and
also supports the refractory material that covers the inner surface of the gasifier

vassel,

{0007] Instromentation i a  gasifier vessel i fvpically  bimited to
thermocouples and skin temperature sensing devices due (o the mahility to access the
internal process (t.e., conversion of coal 1o svnpas) taking place within the gasifier
vessel. The internal process operates at relatively high temperature and pressure in a
corrosive environment, thereby making it difficalt to insert typical sensor arrays into
the vessel, Instrumentation has traditionally been mserted through the bnck refractory
on the side of the vessel, and in general has been limited to thermocoupies. Other
methods of temperature sensing have been used indostry wide to gather surface

temperatures of gasifier vessels.

{00081 Injection of various fuels, and sirearns of foreign malenial into the
gasilier vessel usually requires a separate piace of equipment for natural gas bumners,
or injection of tracer streanms in the shurry fine considerably upstream of the mjector.
Pomnl of operation injection 1s difficalt to conduct. For mnjection, it 1s indusiry practice
to swap injector devices. For example. a plant will have an injector for natural gas for
bringing the refractory brick up to temperature and an injector for the mjection of the

fuel to create syngas.

]
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{00091 According to one aspect of the invention, a throat plug for a gasifier
vessel includes at least one first cavity baing receplive to af least one device located
the at least ove [irst cavitv, and at east one second cavity being receptive 1o a fuel

injector.

{0010} According to ancther aspect of the mvention. a plug includes a first
cavity, the first cavity betng configured o hold at least one device in the first cavity,
the [irst cavity being accessible through a hole formed in the plug. The plug also
includes a second cavily, the second cavity being configured fo hold a fuel mjector

that passes fuel feed matenal through the fuel mjector.

{0011} According to vet another aspect of the invention, a throat plug for a
gasifier vessel includes a first cavity, the first cavity being configured 0 held at least
one device in the first cavily, the first cavity being accessible through a hole formed in
the throat plug. The throat plug includes a second cavity, the second cavity being
nested within the first cavity, the second cavity being configured to hold a fuel
myjector. The throatl plug also includes a third cavily that sarrounds the {irst cavity, the
third cavity criveulating a coolant through the third cavity to cool a temperature of the

first cavity.

{0012] These and other advantages and leatures will become more apparent

from the following description taken in conjunction with the drawings,
BRIEF DESCRIPTION OF THE DRAWING

j0013] The subject matter which is regarded as the mvention 15 particufarly
pointed out and distinctly claimed mn the claims ai the conclusion of the specification.
The loregoing and other features and advantages of the invenlion are apparent from
the following detmled description taken m comjunction with the gccompanving

drawings in which:

{0014} FIG. 1 is a block diagram of an exemplary embodiment of an
mtegrated gasification combined cvele (JGCCY power generation system;

3
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{0015 FIG. 2 15 @ schensatic view of an exemplary embodiment of an
advanced solids removal gasifier vessel that may be used with the 1GCC system of

FIG 1

{00161 FIG. 3 15 a more detailed view of a portion of the gasifier vessel of
FIG. 2 with an embodiment of the throat plug of the present invention mounted

therein;

J0017} FIG. 4 15 a cutaway view of the throat plug of FIG. 3 i accordance

with an embodiment of the mvention:

JO0018] FIG. 3 is a pemspeclive view of the throat plug of FIGs 3-4 in

accordance with an emnbodimment of the invention,

[0019] FIG. 6 is a cross section view, partially cutawav, of a portion of the

throat plug of FIGs. 3-5 m accordance with an embodiment of the invention; and

{00201 FIG. 7 is another cross section view of the throat plug of FIGs. 3-6 in

accordance with an embodiment of the invention.

{00211 The detailed description explans embodiments of the invention,
together with advantages and features. by way of example with reference to the

drawings.
DETAILED DESCRIPTION OF THE INVENTION

0022} Referring to FIG. 1, an embodiment of an integrated gasification
combined cvele (1GCCY power generation svstem 30 generally includes a main air
comprassor 32, an air separation wmi 34 coupled i flow communication with
compressor 32, a gasifier 56 coupled w Jow communication with air separation unit
54, a gas turhine engine 10 coupled m flow communication with gasifier 56, and a

steam turbine 3§,

{00231 In operation, compressor 32 comprasses ambient atr. The comprassed
air iy channeled to air separation unil 34 In some embodiments, n addition or
alternative to compressor 32, compressed air from gas turbine engine compressor 12

4
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15 supphied to air separation anit 34, A separation unit 54 uses the compressed air to
generate oxveen for use by gasifier 36 More specifically, air separation unit 54
separates the compressed air nto separate flows of oxygen and a gas by-product,
sometimes referred 1o as a “process gas”. The process gas generated by air separation
unit 34 includes nitrogen and is referred to 8s “nifrogen process gas”. The nifrogen
process gas may also iclude other gases such as, but not fimited to, oxygen andfor
argont. For example, in some embodiments. the nitrogen process gas includes between
approximately 93% and 100% mitrogen. The oxyvgen flow is channeled to gasifier 56
for use in generating partially combusted zases, referred to as “syngas™ for use by gas
turbine engine 10 as fuel In some known IGCC systems 50, at least some of the
nitrogen process gas fow, a by~-product of air separation unit 54, 18 vented to the
atmosphere. Moreover, in some known 1GCC systems 50, some of the mitrogen
process gas flow is injected im0 a combastion zone (not shown} within gas turbine
engine combustor 14 to facilitate controfling emissions of engine 10, and more
speaifically to lacilitate reducing the combustion temperature and reducing nitrous
oxigde enussions from engine 10, FGCC system 30 may include a compressor 60 for
compressing the nifrogen process gas Jow before being mnjected mto the combustion

£ODe.

{0024} Gasitfier 56 converts a mixture of fuel. the oxygen supphied by air
separation unit 54, steam, and’or limestone nto an output of syngas lor use by gas
turbine engine 14 as fuel. Although gasifier 56 mav use anv fuel, in some known
1GCC svatems 30, gasifier uses coal, petroteumn coke, residual o, oil enlsions, tar
sands, and/or other similar fuels. In some known 1GCC systems 30, the syngas
generated by gasifier 56 include carbon dioxide. The syngas generated by gasifier 56
15 then passed through heat exchanger 61, which may be of a radiant or convective
design and is used to cool the syngas that exits the gasifier 36, The cooled syngas may
be cleaned in a cleanup device 62 before being channeled lo gas turbine engine
combustor 14 for combustion thereof. Carbon dioxide may be separated from the
svigas duning cleanup and., i some koown IGCC systems 30, vented to the
atmosphere. The power output from gas turbine engine 10 drives a generator 64 thal

supplies electrical power o a power grid (not shown). Exhaust gas from gas turbine

L
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engine 10 is supplied (0 a heat recovery steam generator 66 that generates steam for
driving steam turbine 38, Power generated by steam lurbine 38 drives an electrical
generator 68 that provides electrical power to the power grid. In some known IGCC
svstems 30, stean from heat recovery steam generator 66 1s supplied to gasifier 36 for

generating the syngas.

j0023] In an exemplary embodiment of the IGCC svstem 30, gasifier 56 may
mciude an wyjection nowzle 70 extending through gasifier 36, Injection noxzle 70 may
mnclude a nozdde tip 72 at a distal end 74 of impection nozdde 70, In an exemplary
embodiment, njection nozele 7¢ mav be configured to direct a stream of ammonia
proximale nozzle tip 72 such that the stream of ammonia (acilitates reducing a
temperature of at least a portion of nozele tip 72, In an exemplary embodiment, HGCC
system 30 includes a syngas condensate stripper 76 configured 1o receive condensate

from a stream of syngas discharged from gasifier 50.

0026} Referring 1o FIG. 2, an exemplary emtbodiment of an advanced solids
removal gasifier 36 that may be used with the 1GCC svstem 30 of FIG. 1 includes the
easifier 56 embodied as a vessel 200 having an upper shell 202, a lower shell 204, and
a substantially ovlindrical vessel body 206 extending therebetween. A fuel injector
208 penetrates upper shell 202 to enable a Bow of fuel 1o be channeled into gastfier
56. Fuel injector 208 mcludes the fuel injection nozzle 70 that discharges the fuel ina
predeternuned patterns 212 inte a combustion zone 214 delined in gasifier 36, Fuel
may flow through one or more passages (not shown m Figure 2) defined in fuel
injector 208 and exits fuel injector 208 through noxzde 70 The fuel may be mixed
with other substances prior to enlering nozze 70, andfor may be mined with other
substances after being discharged from nozzle 70, For example, the fuel may be
mixed with lines recovered from a process of IGCC system SO prior to entering
nozzie 70, anddor the fuel may be mixed with an oxidant, such as air or oxygen, at

nozzie 70 or downstream from nozzie 70,

{00271 FIG. 3 is a more detatled view of an upper porbion of the gasifier vessel
200 of FIG. 2 with a throat plug 300 according to an embodiment of the invention

mounted therein. The throat plug 300 15 also illustrated in more detad i FiGs. 4-7,
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mecluding with a fuel injector 324 mounted to the throat phug 300, That 15, the {uel
ijector 324 18 not shown in FIG. 3. Referring also to FIGs. 4.7 the throat plug 300 18
evlindrical in shape and 18 mounted or fitted mnto the existing, typically ovlindnical
opening in the neck or dome portion of the upper shell 202 of the gasifier vessel 200.
However, 1t 18 to be undersiood that the shape of the throat plug 360 15 not limited to
cyhindrical and can take on any other shape. Tyvpically the shape of the throat plug 300
1% the same as that of the opening in the upper shell 202 of the gasifier vessel 200. The
opemng n the neck portion of the upper shell of conventional gasifier vessels 200
may nead {0 be widened to accommaodate what may be a larger diameter size of the
throat plug 300 That is, the diameler of the throat plag cvlinder may be wider than
the cyhindrical opening in the upper neck or dome portion of the upper shell 202, Such
widening mayv be achieved. for example, by removing some of the refractory bricks
that are tvpically located in the upper neck portion of upper shell 202 (e, “brick in
throat™. The throat plug 300 may conprise a cobalt- or nickel-based alloy, or other

suttable material,

{0028} As shown in FIG. 3, in an exemplary embodiment the throat plug 300
mounts to the upper shell 202 of the gasilier vessel 200 bv way of bolts 300 that
protrude up from an upper surface of the upper shell 202, The bolis 306 pass through
corresponding holes 308 formed around an outer peniphery of a Hange 314 that is at
the top of the throat plug 300, A corresponding nut 312 15 threaded on each boli 306

to thereby secure the throat plug 300 {o the gasifier vessel 200

0029} As best seen in FIG. 4, in an embodiment the throat plug 36K} includes
a centrally located cvlindrnical opening or cavity 320 mto which may be placed a fuel
mjector 324, The injector 324 15 used fo feed fuel matenal into the gasifier vessel 200
for gasification thereof, as described in detail hereinabove with respect to the 1GCC
system 30 of FIG. 1. In an embodiment, an upper portion of the fuel injector 324 may
comprise a flange 326 that sits on a top surface of the flange 310 of the throal plug
300, A plurality of bolts 330 protrude up from the top surface of the flange 310 of the
throat plug 300 and the bolts 330 pass through corresponding holes formed in the
Hange 326 of the {uel mjector 324. Nuts threaded onto the bolts 330 may then be used
to secure the fuel injector 324 {o the throat plug 300, A gasket 334 that may comprise,

7
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e.g.. a rubber o-ring, may be utilized to help seal the fuel injector 324 1o the throat

plug 300. The entire load of the tuel injector 324 may be placed on the gasket 334

{00307 As best seen in FIGs. 3, 4 and 7, the throat plug 300 of an embodiment
of the pvention wmcludes a conbivuous, outer internal cavity 340 that encivcles the
central ¢ylindrical opening 320 that accommodates the fuel injector 324, That is, the
opening 320 18 nested within the ouler intemnal cavity 340, In accordance with an
embodiment of the invention, the outer cavity 340 is configured o have vasious types
of stromentation (not shown) stalied within the cavity 340, The instrumentation
that may be inserted within the cavity 340 may include, without imitation, all or a
part of {depending on size} cameras, pressure sensors, thermocouples, gas sampling
devices, optical pyromelers, laser specirometers, etc. The instrumentation can be used
to gather accurale data with respect 1o varous charactenistics of the fuel ijector 324
and/or the gasifier vessel 200 during operation thereof. These characteristics includs,
without Hmitation, reaction operation, sprav patterns and gas compostliion at the point
of reaction, and the data may be gathered m real time. This data may be used for
active control of the {uel feed matenial, and potentiglly the gtonuzagtion with an
appropriate annulus control device. Thus, the cavity 340 that is part of the throat plug
300 of embodiments of the invenfion create a relalively sireable area for the
installation of various types of Instrumentation that has not been able to be installed
and utilized previously with a tvpical gasifier vessel 200. Further, the throat plug 300
may enable use of an active clearance control such that when used with a vanable

annulus yector, the injector performance can be improved for a chosen throughpul.

j0031] In  accordance with an  embodiment of the nvention, the
mstrumentalion may be inserted into the cavity 340 through a flanged porthole 342
(FIG. 5) formed in the top surface of the flange 310 of the throat plug 300. The cavity
340 mherently protects the instrumentation located within the cavity 340 [rom any
harmfol or corrosive effects inherent in the environment that the throat plug 300 1s
wtilized in. In addition, m an embodiment the cavity 340 s further protected from the
typically elevated temperatures encountered by the throat plug 300 through use of
cooling of the cavity 340 to reduce the temperature of the cavity 340, Referning lo
FIGs. 4-6. cooling of the cavity 34015 achieved i an embodiment by a closed loop

8
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system 1 which a gaseous or liquid coolant matenal, such as water, 1s introduced into
a piped opening 348 1 the top surface of the flange 310 of the throat plug 300. The
cooling water then proceeds to pass through a relatively narrow cavily 350 that
surrounds the entire cavity 340 in which the instrumentation is located. The water
then exits the cavity 330 through a second piped opening 332 in the top surface of the
Hange 310 of the throat plug 300 In an embodiment of the mvention, the coolant
water teraperature mav be i the range of 110120 degrees Fahrenbeit, and the
pressure of the water may be approximately 600 psi. Further, the water may be treated
with various corrosive mhibitors, and a carbon monoxide monitor {(not shown) may be
located at or near the retumn piped opening 352 1o detect any leaks i the water fooling

gy stem.

{00321 Referring to FiGs. 4-5, in an embodiment a pair of tubes or pipes 360,
362 are provided, wherain the tubes 368, 362 each have a flanged opening on the top
surface of the flange 310 of the throat plug 300. The tubes 360, 362 then pass entively
through the cavity 340 and each tube has a corresponding opening at the bottom of the
throat plug 306, Thus, when the throat plug 300 1s attached 1o the gasifier vessel 200,
the tubes 3060, 362 are configured to pass or inject vagions items, such as radicactive
dies, e.g., for tracing, or preheating fuels, through the throat plug 200 and into the
gasifier vessel 200, The tubes 360. 362 may also allow Tor gas sampling from the
gasifier vessel 200, As such, the tubes 360, 362 function gs permanent injection ports,
which allow for, e.g. reduced mamtenance cycles and ease of implementation of
tracer materials, as needed. The flanged opening for sach tube 360, 3062 allows for a
relatively good seal 1o be made to the equipment that interfaces with the openings.
Also, a servo 366 (FIG. 4) may be provided for each tabe 360, 362, wherein the servo

functions o provide a gas tight seal.

{00331 Refermnng to FIG. 7, i an embodiment the fuel injector 324 has a
relatively constant diameler starting at the top of the myector near the flange 310 of
the throat plug 300 and proceeding downward. However, the bottom end 370 of the
injector 324 narrows dowmward m diameter. Then, bevond the bottom end 370 of the

myector 324, the throat plug flares outward m diameter mto the nozzde area 7¢), sinufar
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to a diffuser, thereby allowing for the natural expansion of injected materials passing

through the injector 324 and mto the gasifier vessel 200,

{00341 While the mvention has been described m detait in conneciion with
only 2 lumted number of embodiments, it should be readily undersiood that the

invention is not inuted 1o such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations, substilutions or
equivalent arrangements not heralofore described, but which are commensurale with
the spint and scope of the invention. Addibonally, while varions embodiments of the
invention have been described, it is to be understood that aspects of the mvention may
include ondy some of the described embodiments.  Accordingly, the invention 13 not to
be seen as Hmited by the foregoing deseniption, but 1s ondv limited by the scope of the

appended clams.
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CLAIMS:
1. A throat plug for a gasifier vessel, the throat plug comprising:

al feast one first cavity being receptive to at least one device located in the at

least one first cavity: and
al least one second cavity being recepiive to a fuel injector.

2. The throat plug of clatm 1, the at least one first cavity being accessible

through a hole formed 1n the throat plog.
3. The throat plug of claim 1, further comprising:

al least one tube that extends through an entire length of the at least one first

cavily, the at least one tube having an opening at each end of the at legst one tube.
4. The throat plug of claim 1. further comprising:

at feast one third cavity that surrounds the at least one first cavity. the at least

one third cavity circufating a coolant through the at least ove third cavity.
3 The throat plug of claim 4, {urther comprising:

a first opening in the throatl plug to introduce the coolant into the at least one

third cavity: and

a second opening in the throat plug to facilitate the exit of the coolant from the
at least one third cavity.
& The throat plug of claim 4. the coolant being operable to cool a

temperature of the at least one third cavity.

7. The throat plug of clamm 1, the throat plug being cvlindrical in shape, the

at feast one first cavily and the at least one second cavity being ovimdneal i shape.

8. The throat plug of claim 7, the at least one first cavity encircling the at
least one second cavity.

11
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9. The throat plug of claim 1, wherein the throat plug comprises ong of a

cobalt- and a nickel-based allov.
10, The throat plug of claim 1, hurther comprising:
a gashet that mounts the fuel injector to the throat plug.
1. A plug, comprising:

a first cavity, the first cavity being configured {0 hold at least one device in the

frvst cavity, the first cavity being accessible through a hole formed in the plug: and

a second cavity, the second cavity being configured to hold a fael injector that

passes fuel feed material through the fuel injector.
12, The plug of claim 1, Turther comprising:
at least one tube that extends through an entire length of the first cavity.

13, The plug of claim 12, the at least one tube having an opening at each end

of the at least one tube.
14 The plug of ¢laum 11, further comprising:

a third cavity that surroonds the first cavity, the third cavity circalaiing a

coolant through the third cavity.

13, The plug of clam 11, the plag being cvhindrical m shape. the fust and

second cavities being cvlindrical in shape, the first cavity encircling the second cavity.

12
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16, A throat plug for a gasifier vessel, the throat plag comprising:

a first cavity, the first cavity being configured {0 hold at least one device in the

first cavity, the first cavity being aceessible through a hole formed in the throat plug;

a second cavity, the second cavily being nested within the first cavity, the

second cavity being configured to hold a uel injector, and

a third cavity that swrounds the first cavity, the third cavity circulating a

coolant through the third eavity to cool & temperature of the first cavity,
t7. The throat plug of claim 16, further comprising:
at least one tube that extends through an entire length of the first cavity.

{8, The throat plug of claim 17, the at legst one tube having an opening at

each end of the at least one tube.
19 The throat plug of claim 16, further comprising:

a first opening in the throat plug to introduce the coolant into the third cavity:

and

a second opening in the throat plag fo facilitate the exit of the coolant from the

third cavity.
20, The throat plug of claim 16, further comprising:

a gasket that mounts the luel injector to the throat plug,

._.
ok
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