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METHODS FOR FABRICATING SYNGAS COOLER PLATENS AND SYNGAS
COOLER PLATENS

BACKGROUND OF THE INVENTION

This invention relates generally to gastfication systems, and more specifically, {o

methods and systems for [abricating syngas cooler platens.

At least some known gasification systems convert a mixtare of fuel, air or oxygen,
steam, and/or limestone into an output of partially combusted gas, sometimes referred
to as “syngas”. The hot combustion gases are supplied o the combustor of a gas
turbine engine, which powers a generator used to supply electrical power to a power
grid.  Exhauost from at {east some known gas turbine engines 1s supplied to a heat
recovery steam generator that generates steam for driving a steam turbine. Power
generated by the steam turbine may also be used to drive an electrical generator that

provides electrical power to the power grid.

Further, some known gasification systems recover heat from the syngas to generats
additional steam for powering the steam turbine. Typically, the stean 1s generated by
passing the svngas over the platens of a svogas cooler. The platens are arravs of
boder tubes that create steam as heat is transferred from the syngas o boiler feedwater
flowing within the boiler tubes. However, some known platen designs may provide
only limited radiant and convective heat extraction because solids within the syngas
become deposited on the surface of the platens, Accordingly, heat transfer from the
syngas to the boiler feedwater may be reduced and, thus, steam production may be
limited. One known method for preventing excessive deposits of the solids within the
syngas includes orienting the tubes of the platens in a vertical tashion and spacing the
tubes a distance from a centerhine of syngas flow. However, such designs are often

cost prohibitive and/or increase the size and/or weight of the syngas cooler.
BRIEF DESCRIPTION OF THE INVENTION

in one aspect, a method for fabricating a syngas cooler is provided. The method

gas cooler, and coupling a plurality of

pet

includes coupling a tube cage within the syn
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platens to the wibe cage to facilitate steam production in the syngas cooler. At leasta
first platen has at {east one of a {ength that is larger than a length of a second platen, a
non-linear geometry, and an angular position that is oblique with respect to a wall of

the syngas cooler.

In another aspect, @ syngas cooler is provided. The syngas cooler includes a tube cage
and a plurality of platens coupled to the tube cage to facilitate steam production in the
svngas cooler. At least a first platen has at least one of a length that is larger than a
length of a second platen, a von-linear geometry, and an angular position that is

obligue with respect to a wall of the syngas cooler.

in yet another aspect, a plarality of platens are provided. The platens are configured
to couple to a tube cage of a syngas cooler to facilitate steam production in the syngas
cooler. At least a first platen has at least one of a length that is larger than a length of
a second platen, 8 non-linear geometry, and an angular position that 1s oblique with

respect to a wall of the syngas cooler,
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is schematic view of an exemplary integrated gasification combined cvele
{1GCC) system,;

Figwwre 2 1s a schematic cross~sectional view of an exemplary syngas cooler that may

be used with the system shown in Figure 1,

Figure 3 is an exemplary embodiment of a plurality of platens that may be used with

the syngas cooler shown in Figure 2;
Figure 4 15 an alternative embodiment of the plurality of platens shown in Figure 3

Figure § 1s another alternative embodiment of a plurality of platens that may be used

with the syngas cooler shown in Figure 2;

Figore 6 ts a further aliemative embodiment of a plurality of platens that may be used

with the syngas cooler shown in Figure 2;

2
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Figure 7 i3 yet another alternative embodiment of a plurality of platens that may be

used with the syngas cooler shown in Figure 2;

Figure 8 15 another altemative embodiment of a plurality of platens that may be used

with the syngas cooler shown in Figure 2;

Figore 9 13 another altemative embodiment of a plurality of platens that may be used

with the syngas cooler shown in Figure 2;

Figure 10 is a further alternative embodiment of a plurality of platens that may be

used with the syngas cooter shown in Figure 2;
Figure 11 is a top view of the plurality of platens shown in Figure 15,

Figure 12 ts yet another alternative embodiment of a plurality of platens that may be

used with the svngas cooler shown in Figure 2, and

Figure 13 is another alternative embaodiment of a plurality of platens that mav be used

with the syngas cooler shown in Figure 2.
DETAHLED DESCRIPTION OF THE INVENTION

The present invention provides a plurahity of platens for use in a syngas cooler,
wherein at least one platen either has a length that is longer than the length of a
second platen, has a non-linear geometry, and/or is coupled to a tube cage of the
syngas cooler at an oblique angle with respect to a wall of the syngas cooler.
Specifically, the present invention provides various configurations in which the
known geometric shape of platens is modified from a uniformly straight, radially
positioned construction to a different geometric configuration wherein different
numbers, angles, and/or lengths of the platens are used. The different platen designs
described herein facilitate enhancing radiant and convective heat extraction betveen
the syngas and the botler feed water within the tubes of the platens. Further, such
platen configurations facilitate the design of a more compact andior cost etfective

syngas cooler,

(3
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it should be noted that although the present invention is described with respect to
platens that mayv be used in a syngas cooler, one of ordinary slall in the art should
understand that the present invention is not limited to being used only in syngas
coolers. Rather, the present invention may be used i any svstem that utilizes heat
exchange. Further, for sumplicity, the present tnvention is described herein only with
respect to producing steam as a by-product of syngas production. However, as would
be appreciated by one of ordinary skill in the art, the present invention is not hmited
to producing steam; but rather, the present invention may be used to produce any by~

product of heat exchange.

Figwre 1 is a schematic diagram of an exemplary integrated gasification combined-
cycle (IGCC) power generation system 10, IGCC system 10 generally includes g
main atr compressor 12, an alr separation unit {(ASU) 14 coupled in How
communication to compressor 12, a gasifier 16 coupled in flow communication o
ASU 14, a syngas cooler 18 coupled in flow commumcation to gasifier 16, a gas
turbine engine 20 coupled in flow communication to syngas cooler 18, and a steam

turbine 22 coupled in flow communication to syngas cooler 18.

In operation, compressor 12

compresses ambient air that is then channeled to ASU 14
In the exemplary embodiment, i addition to compressed air from compressor 12,
compressed air from a gas turbine engine compressor 24 is supplied to ASU 14
Alternatively, compressed atr from gas turbine engine compressor 24 is supplied to
ASU 14, rather than compressed air from compressor 12 being supplied to ASU 14,
In the exemplary embodiment, ASU 14 uses the compressed air {0 generate oxygen
for use by gasifier 16, More specifically, ASU 14 separates the compressed air into
separate flows of oxygen (O2) and a gas by-product, sometimes referred to as a

“process gas”. The O3 flow is channeled to gasifier 16 for use in generating partially

combusted gases, referred to herein as “syngas” for use by gas twbine engine 20 as

fuel, as described below in more detait.

The process gas generated by ASU 14 includes nitrogen and will be referred to herein

as “nitrogen process gas” (NPG) The NPG may also include other gases such as, but

not limited to, oxygen and/or argon. For example, in the exemplary embodiment, the

4
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NPG includes between about 95% and about 100% nitrogen. In the exemplary
embodiment, at least some of the NPG flow 1s vented {o the atmosphere from ASU
14, and at some of the NPG flow is injected into a combustion zone {not shown}
within a gas turbine engine combustor 26 to facilitate controlling emissions of engine
20, and more specifically to facilitate reducing the combusition temperature and
reducing nitrous oxide emissions from engine 20, In the exemplary embodiment,
FGOC system 10 includes a compressor 28 for compressing the nitrogen process gas
flow before being injected into the combustion zone of gas turbine engine combustor

26

In the exemplary embodiment, gasifier 16 converts a mixture of fuel supplied from a
fuel supply 30, O supplied by ASU 14, steam, and/or limestone mnte an output of
syngas for use by gas turbine engine 20 as fuel. Although gasifier 16 may use any
fuel, gasifier 16, in the exemplary embodiment, uses coal, petroleum coke, residual

oil, ol emulsions, tar sands, and/or other simlar fuels. Furthermore, in the exemplary

embodiment, the syngas generated by gastfter 16 includes carbon dioxide

In the exemplary embodiment, syngas generated by gasifier 16 is channeled to syngas
cooler 18 to facilitate cooling the syngas, as described in more detail below, The
cooled syngas is channeled from cooler 18 to a clean-up device 32 for cleaning the
svngas before it i1 channeled to gas turbine engine combustor 26 for combustion
thereof. Carbon dioxide {CO2) may be separated from the syngas during clean-up
and, in the exemplary embodiment, may be vented 1o the atmosphere. Gas turbine
engine 20 drives a generator 34 that sopplies electrical power to a power gnd (not
shown). Exhaust gases from gas turbine engine 20 are channeled to a heat recovery
steary generator 36 that generates steam for drving steam twbine 220 Power
generated by steam turbine 22 drives an electrical generator 38 that provides electrical
power to the power grid. In the exemplary embodiment, steam from heat recovery

steam generator 36 is supplied to gasitier 16 for generating syngas.

Furthermore, i the exemplary embodiment, system 10 includes a8 pomp 40 that
supplies boiled water from steam generator 36 to syngas cooler 18 to facilitate cooling
the syngas channeled from gasifier 16, The boiled water is channeled through syngas

3
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cooler 18 wherein the water is converted to steam. The steam from cooler 18 is then
returned to steam generator 36 for use within gasifier 16, syngas cooler 18, andfor

steam turbine 22,

Figure 2 shows a schematic cross-sectional view of an exemplary syngas cooler 100
that may be used with system 10, In the exemplary embodiment, syngas cooler 100 is
a radiant syngas cooler. Syngas cooler 100 includes a pressure vessel shell 102
having a top opening {not shown} and a bottom opening {not shown) that are
generally concentrically aligned with each other along a cooler centerline 104, As
referred to herein, an “axial” direction 1s a direction that 1s substantially parallel to
centerline 104, an “upward” direction 18 a direction that 1s generally towards the shell
top opening, and a “downward” direction 15 a direction that 1s generally towards the
bottom opening. Syngas cooler 100 has a radius R measured from centerline 104 to
an outer surface 106 of shell 102, Furthermore, in the exemplary embodiment, a top
{not shown) of cooler 100 includes a plurality of downcomer openings {not shown)
and a plurality of riser openings (not shown} that circumscribe the top opening. In the
exemplary embodiment, shell 102 is fabricated from a pressure vessel quality steel,
such as, but not Hmited to, a chromium molvbdenum steel.  As such, shell 102 is
facilitated 1o withstand the operating pressures of svagas flowing through svngas
cooler 100, Moreover, in the exemplary embodiment, the shell top opeming is coupled
in flow communication with gasifier 16 for receiving syngas discharged from gasifier
16. The botiom opening of shell 102, 0 the exemplary embodiment, 1s coupled in
flow communication with a slag collection unit {not shown) 1o enable the collection of

solid particles formed during gasification and/or cooling.

fae,

Within shell 102, in the exemplary embodiment, are a plurality of heat transfer

N A

medium supply lines (also referred to herein as “downcomers™) 108, a heat transfer
wall {(also referred o herein as a “fube wall™) 110, and a plurality of heat transfer
panels (also referred fo herein as “platens™) 112. More specifically, in the exemplary
embodiment, downcomers 108 are positioned radially inward of shell 102, tube wall
110 is radially inward of downcomers 18, and platens 112 are arranged within tube

wall 110 such that tube wall 110 substantially circumsciibes platens 112, Generally,

6
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in the exemplary embodiment, downcomers 108 are located at a radius Ry outward
from centerline 104, and tube wall 110 is located at a radius Ro from centerline 104,
wherein radius Ry is longer than radins R, and radius R 1s longer than radii Ry and
Ro. Alternativelv, shell 102, downcomers 108, tube wall 110, and/or platens 112 are

arranged in other orientations.

In the exemplary embodiment, downcomers 108 supply a heat transfer medium 114,
such as, for example, water from steam generator 36, to syngas coofer 100, as
described herein. More speaifically, downcomers 108 supply heat transfer medium
114 to tube wall 110 and platens 112 via a lower manifold 200, as is described in
more detail below. Lower manifold 200, in the exemplary embodiment, is coupled
proximate to the cooler bottom opening, and, as such, 1s downstream from the cooler
top opening through which syngas enters cooler 100, In the exemplary embaodiment,
downcomers 108 include tabes 116 fabricated from a material that enables cooler 100
andfor systems 10 to function as described herein. Furthermore, in the exemplary
embodiment, a gap 118 defined befween shell 102 and fube wall 110 may be

pressusized to facilitate decreasing stresses induced to tube wall 110

in the exemplary embodiment, tube wall 110 includes a plurality of circumferentially-
spaced, axiallv-aligned tabes 120 coupled together with a membrane (also referred 1o
herein as a “web”} (not shown). Although in the exemplary embodiment, tube wall
110 mclodes only one row of tubes 120, in other embodiments, tube wall 110 may
include more than one row of tubes 1200 Move specifically, in the exemplary
embodiment, the membrane and tubes 120 are coupled together such that tube wall
110 15 substantially impermeable to syngas.  As such, tube wall 110 substantially
retains the syngas in an inner portion 122 of cooler 100 that is effectively 1solated
from downcomers 108 and/or shell 102, As such, tube wall 110 defines an enclosure
through which syngas may flow. In the exemplary embodiment, heat is transferred
from the syngas retained within tube wall 110 to beat transfer medinm {14 Hlowing
through tubes 120, Tubes 120 and/or the membrane are fabricated from a material
having heat transfer properties that enable cooler 100 fo function as described herein.

Furthermore, in the exemplary embodiment, tube wall 110 is coupled to risers
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extending through the top of shell 102 (not shown) such that the heated heat transfer
mediom 114 may be channeled from cooler 100 to, for example, heat recovery steam

generator 30 (shown in Figure 1)

In the exemplary embodiment, platens 112 each include a plurality of tubes 124
coupled together with a membrane 126, Each platen 112 may include any number of
tubes 124 that enables cooler 100 to function as described herein.  Although platens
112 are shown in Figure 2 as bemng onented generally radially with generally axially-
aligned tubes 124, platens 112 and/or tubes 124 may be oriented and/or configured in
any suitable orientation and/or configuration that enables cooler 100 to function as
described herem. Moreover, in the exemplary embodiment, platens 112 are coupled
to a tube cage 127 Specifically, in the exemplary embodiment, twbe cage 127
cludes a lower et tube 128 and an upper outlet tube (not shown). Platens 112 are
coupled to lower inlet tube 128 and to the upper outlet tube (not shown). More
specifically, in the exemplary embodiment, platens 112 extend m a substantially
perpendicular array between lower inlet tube 128 and the upper outlet tube.
Alternatively, platens 112 may be otiented at any angle with respect to tube 128

and/or may be arranged 11 a different array trom lower inlet tube 128

Figure 3 is an exemplary embodiment of a plurality of platens 200 that may be used
with syngas cooler 100, Figure 4 is an alternative emnbodiment of platens 200, In the
exemplary embodiments, platens 200 include a first plurality of platens 202 that each
have a first length L), and a second plurality of platens 204 that each have a second
length 1, that is greater than first length L, Platens 200 are positioned
circumiferentially gbout a syngas cooler centertine 104, Specifically, although Figure
3 and Figure 4 iflustrate only a semi-circle arrangement of platens 200, as will be
apprecigted by one of ordinary skill in the art, in one embodiment, platens 200
substantially circumscribe centerline 104, In an alternative embodiment, platens 200

extend any suitable arcuate distance about centerline 104,

In the embodiment Hustrated in Figure 3, a single platen 202 i3 circumferentially
posttioned between each pair of adjacent platens 204, In the embodiment illusirated

in Figure 4, a pair of platens 202 are circumferentially positioned between each pair

&
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of adjacent platens 204, In an alternative embodiment, any number of platens 202
may be circumferentially positioned between each pair of adjacent platens 204, In yet
another embodiment, any number of platens 204 may be positioned between adjacent
pairs of platens 202, Further, in the exemplary embodiments, each platen 200 extends
substantially radially inward from a wall or shell (shown in Figure 2} of syngas cooler
100 towards centerline 104, In an alternative embodiment, platens 200 extend at any
suitable oblique angle from the wall of syngas cooler 100. Moreover, platens 200 are
configured to couple to a tube cage (shown in Figure 2j and extend substantially
vertically through syngas cooler 100, Further, the configuration of platens 200,
having alternating lengths Ly and Lo, facilitates reducing an overall size of platens 200

to less than a size of known platens, and also increases the exposure of platens 200 to

the flowpath of syngas cooler 100 in comparison to known syngas cooler platens.

During operation, a syngas stream discharged from the gasifier (shown in Figure 1) is
channeled into the top of syngas cooler 100, The syngas flows along platens 200 to
facilitate heating bader feedwater flowing through platens 200 to produce steam. By
its nature the syngas flowmg throogh syngas cooler 100 13 optically dense with
particulate matter that lumits radiation heat transfer to platens 200 due o limited sight
pathways.  Further, the particulate matter within the syngas stream may have a
tendency to deposit on platens 200, thus reducing heat transfer. However, in the
exemplary embodiment, the vertical ortentation and the increased exposure of platens

200 to the flowpath of syngas facilitate reducing the deposition of solids from the

0

vogas stream.  As a result, heat transfer from the svagas stream to the boiler
feedwaler and steam production are facilitated to be increased. Moreover, the reduced
size of platens 200 facilitates reducing an overall length andfor diameter of syngas
cooler 100 wathout adversely affecting steam production and’or increasing the

fabrication costs that are dependant on the size of syngas cooler 100,

Figure § illustrates another embodiment of a plurality of platens 250 that may be used
with syngas cooler 100, In the exemplary embodiment, platens 250 include a first
plurality of platens 252 and a second plurality of platens 254, In the exemplary
embodiment, platens 252 are substantially linear; however, as will be appreciated by
one of ordinary skill 1n the art, in an alternative embodiment, platens 252 are non-

9
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linear. Further, in the exemplary embodiment, platens 234 are substantially arcuate;
however, as will be appreciated by one of ordinary skill in the art, in an alternative
embodiment, platens 254 are substantially linear and/or have another non-linear

shape.

Platens 250 are spaced circumferentially about centerline 104, Specifically, although
Figure § illustrates only a semi-circle of platens 250, as will be appreciated by one of
ordinary skiil in the an, in one embodiment, platens 250 are spaced entirely about
centerline 104, In an alternative embodiment, platens 2530 are spaced any arcuate
distance about centerline 104 that enables syngas cooler 100 to function as described
herein.  Farther, in the exemplary embodiment, platens 232 extend sobstantially
radiatly inward from a wall or shell {shown in Figure 2) of syngas cooler 100 towards
centerline 104, In an alternative embodiment, platens 252 extend at an oblique angle
from the wall of syngas cooler 100, Platens 254 extend substantially
circumferentially around centerline 104 along an mner perimeter of the wall of the
svngas cooler.  Platens 234 also extend outward at an angle from platens 2532
Specifically, in the exemplary embodiment, each platen 254 extends a distance D)y
from a platen 252 that enables sach platen 254 to overlap an adjacent platen 252 and
an adjacent platen 254, In an alternative embodiment, platens 254 do not overlap
adjacent platens 232 and/or 254, In vet ancther embodiment, platens 254 overlap an
adjacent platen 252, but do not overlap an adjacent platen 254, In a further
embodiment, platens 254 overlap any number of adjacent platens 252 and/or 254 that

enables syngas cooler 100 {0 function as described herein.

Moreover, platens 250 are configured to couple to a tube cage {shown in Figure 2)
and extend substantially vertically through syngas cooler 100, Further, the L-shaped
configuration of platens 250 facilitates reducing an overall size of platens 250 as
compared 10 a size of known platens, and also increases an exposure of platens 250 to

a flowpath of syngas cooler 100 in comparison to known syngas cooler platens.

During operation, a syngas stream discharged from the gasitier (shown in Figure 1) is
channeled into the top of syngas cooler 100, The syngas flows along platens 230 to

facilitate heating boiler feedwater flowing through platens 250 to produce steam. By

10
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its nature the syngas flowing through syngas cooler 100 s optically dense with
particulate matier that limits radiation heat transfer to platens 250 due to limuted sight
pathways. Further, the particulate matter within the svngas stream may have a
tendency to deposit on platens 250, thus reducing heat transfer. However, in the
exemplary embodiment, the vertical orientation and the increased exposure of platens
250 to the flowpath of syngas facilitate reducing the deposition of solids from the
syngas streams.  As a resali, heat transfer from the syngas stream to the buoler
feedwater and steam production are facilitated to be increased. Moreover, the reduced
stze of platens 230 facilitates reducing an overall length andfor diameter of syngas
cooler 100 without adversely affecting steam production andfor increasing the

fabrication costs that are dependant on the size of syngas cooler 100

Figure 6 is a further embodiment of a plurality of platens 300 that may be used with
syngas cooler 100, In the exemplary embodiment, platens 300 are substantially
arcuate. Further, platens 300 are spaced circumferentially about centerline 104
Specifically, although Figure 6 illustrates only a semi~circle of platens 300, as will be
appreciated by one of ordinary skill in the art, in one embodiment, platens 300 are
spaced entirely about centerline 104, In an alternative embodiment, platens 300 are
spaced any suitable distance about centerline 104 that enables syngas cooler 100 to
function as described herein.  Further, in the exemplary embodiment, platens 300
extend substantially radially inward from a wall or shell (shown in Figure 2) of syngas
cooler 100 towards centeshine 104, In an altemative embodiment, platens 300 extend
at an oblique angle from the wall of the syngas cooler. In one embodiment, platens
300 have different lengths.  Specifically, platens 300 include a first plurality of
platens 302 that have a first length Ls and a second plurality of platens 304 that have a
second length Ly that s longer than frst length s In another embodiment, platens

300 gach have the same length.

Moreover, platens 300 are configured to couple to a tube cage {shown in Figure 2}
and extend substantially vertically through syngas cooler 100, Purther, the arcuate
configuration of platens 300 reduces an overall size of platens 300 to less than a size
of known platens, and also increases an exposure of platens 300 to a flowpath of
syngas cocler 100 1n compartson to kaown syngas cooler platens,

it
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During operation, a syngas stream discharged from the gasifier (shown in Figure 1) is
channeled into the top of syngas cooler 100, The syngas flows along platens 300 to
facilitate heating botler feedwater flowing through platens 300 to produce steam. By
its nature the syngas flowing through syngas cooler 100 is optically dense with
particulate matter that limits radiation heat transter to platens 300 due to limited sight
pathways. Further, the particulate matter within the syngas stream may have a
tendency to deposit on platens 300, thas reducing heat transfer. However, in the
exemplary embodiment, the vertical ortentation and the increased exposure of platens
300 to the flowpath of syngas facilitate reducing the deposition of solids from the
syngas stream.  As a result, heat transfer from the syngas stream to the boiler
feedwater and steam production are facilitated to be increased. Moreover, the reduced
size of platens 300 facilitates reducing an overall length and/or diameter of syngas
cooler 100 without adversely affecting steam production andior increasing the

fabrication costs that are dependant on the size of syngas cooler 100,

Figure 7 is vet another embodiment of a plurality of platens 350 that may be used with
syngas cooler 100, In the exemplary embodiment, platens 350 are substantially lincar
and have the same length Ls.  In an alternative embodiment, platens 350 are
substantially non-lingar.  In vet another embodiment, platens 350 have differing
lengths. Platens 350 are spaced circumferentially about centerline 104, Specifically,
although Figure 7 iflustrates only a semi-circle of platens 350, as will be appreciated
by one of ordinary skill 1n the art, in one embodiment, platens 350 are spaced entirely
about centethine 104, In an altemative embodiment, platens 350 are spaced any
suttable distance about centerline 104 that enables syngas cooler 100 to function as
described herein.  Further, in the exemplary embodiment, platens 350 extend at an
oblique angle from a wall or shell (shown in Figure 2} of syngas cooler 100 towards

centertine 104,

Moreover, platens 350 are configured to couple to a tube cage {shown in Figure 2}
and extend substantially vertically through syngas cooler 100,  Further, the
configuration of platens 350, extending at an oblique angle with respect to the syngas

cooler wall, reduces an overall size of platens 350 1o less than a size of known platens,
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and also increases the exposure of platens 350 to a flowpath of syngas cooler 100 in

comparison to known syngas cooler platens.

Duaring operation, a syngas stream discharged from the gasifier {(shown in Figure 1} 1s
channeled into the top of syngas cooler 100, The svagas flows along platens 350 to
facilitate heating boiler feedwater flowing through platens 350 to produce steam. By
its nature the syngas flowing through syngas cooler 104 is optically dense with
particulate matter that limits radiation heat transfer to platens 350 due to limited sight
pathways.  Further, the particulate matter within the syngas stream may have a
tendency to deposit on platens 330, thus reducing heat transfer. However, in the
exemplary embodiment, the vertical orientation and the mcreased exposure of platens
350 to the flowpath of syngas facilitate reducing the deposition of solids from the
syngas strearn.  As a result, heat transfer from the syngas stream to the boiler
feadwater and steam production are facilitated to be increased. Moreover, the reduced
size of platens 350 facilitates reducing an overall length and/or diameter of syngas
cooler 100 without adversely affecting steam production andfor increasing the

was cooler 100,

o

fabrication costs that are dependant on the size of syn

Figure 8 is an alternative embodiment of a plurality of platens 400 that may be used
with syngas cooler 100, Platens 400 include a tirst plurality of platens 402 and a
second plurality of platens 404, Platens 400 are spaced circumferentially about
centerline 104. Specifically, although Figure 8 illustrates only a semi-circle of platens
400, as will be appreciated by one of ordinary skill in the art, in one embodiment,
platens 400 are spaced entirely about centerline 104, In an aliemative embodiment,
platens 400 are spaced any distance about centerling 104 that enables platens 400
function as described herein.  In the exemplary embodiment, platens 404 are
posttioned radially inward from platens 402, Specifically, platens 402 extend radially
inward from the wall or shell (shown in Figure 2) of syngas cooler 100 toward
centerline 104, and platens 404 extend inward from platens 402 toward centerline
104, In an alternative embodiment, platens 402 extend at an obligue angle from the
wall of the syngas cooler. Further, in the exemplary emboadiment, platens 404 extend
at an oblique angle from platens 402, Specifically, a first platen 406 extends from
each platen 402 obliquely in a first direction, and a second platen 408 extends from

.
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each platen 402 obliquely in the opposite direction, such that one platen 402 and a

pair of platens 404 form a Y-shape in a plane perpendicular to axial centerline 104

In the exemplary embodiment, platens 400 are substantially linear; however, as will
be appreciated by one of ordinary skill in the art, in an alternative embodiment,
platens 400 are non-lingar, Further, 18 the exemplary embodiment, platens 402 have a
length Ly and platens 404 have a length L that is longer than length La. In an
alternative embodiment, length Ly that 15 longer than length L»  In another
embodiment, length L« i3 substantially the same as length Ls  In a further
embodiment, platens 402 have differing lengths andfor platens 404 have differing

lengths.

Moreover, platens 400 are configured to couple to a tube cage (shown in Figure 2)
and extend substantially vertically through syagas cooler 100, Further, the Y-shaped
configuration of platens 400 reduces an overall size of platens 400 to less than a size
of known platens, and also increases the exposure of platens 400 to a flowpath of

syngas cooler 100 m comparison to known syngas cooler platens,

During operation, a syngas stream discharged from the gasifier (shown in Figure 1) is
channeled into the top of syngas cooler 100, The syngas Hlows along platens 400 o
facilitate heating botler feedwater flowing through platens 400 to prodoce steam. By
its nature the syngas flowing through syngas cooler 100 is optically dense with
particulate matter that limits radiation heat transfer to platens 400 due to limited sight
pathways. Further, the particulate matter within the syngas stream may have a
tendency to deposit on platens 400, thus reducing heat transfer. However, in the
exemplary embodiment, the vertical orientation and the increased exposure of platens
400 to the flowpath of syngas facilitate reducing the deposition of solids from the
syngas stream.  As a result, heat tramsfer from the syngas stream to the boiler
feedwater and steam production are facilitated to be increased. Moveover, the reduced
size of platens 400 facilitates reducing an overall length andfor diameter of syngas
cooler 100 without adversely affecting steam production and/or increasing the

fabrication costs that are dependant on the size of syngas cooler 100,
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Figure @ i3 another embodiment of a plurality of platens 450 that may be used with
syngas cooler 100, Platens 450 include a first plurality of platens 452 and a second
plurality of platens 454 Platens 450 are spaced circumferentially about centerline
104, Specifically, although Figure 9 illustrates only a semi-circle of platens 450, as
will be appreciated by one of ardinary skill in the art, in one embodiment, platens 450
are spaced entirely about centerline 104, In an alternative embodiment, platens 450
are spaced any distance about centedine 104 that enables syngas cooler 100 1o
function as described herein.  In the exemplary embodiment, platens 452 are
positioned radially inward from platens 454, Specifically, platens 452 extend radially
outward from centerline 104 toward the wall or shell (shown in Figure 2) of syngas
cooler 100, and platens 454 extend outward from platens 452 toward the wall of
syngas cooler 100, In an alternative embodiment, platens 452 extend from centerline
104 at an obligue angle with respect to the wall of syngas cooler 100, Further, in the
exemplary embodiment, platens 454 extend at an oblique angle from platens 4532,
Specifically, a first platen 436 extends from each platen 452 obliquely in a first
divection, and a second platen 458 extends from each platen 452 obliquely in the

opposite direction, such that one platen 452 and a pair of platens 454 form a Y-shape.

In the exemplary embodiment, platens 450 are substantially linear; however, as will
be appreciated by one of ordinary skill in the art, i an alternative embodiment,
platens 450 are non-lincar. Further, in the exemplary embodiment, platens 452 have a
length Ly and platens 454 have a length L. that is longer than length Lg. In an
alternative embodiment, length Ly that is longer than length Lo In ancther
embodinment, length Ls is sobstantially the same as length Lo, In a futher
embodiment, platens 452 have differing lengths andfor platens 454 have differing

lengths.

Moareover, platens 450 are configured o couple to a tube cage (shown in Figure 2)
and extend substantially vertically through syngas cocler 100, Further, the Y-shaped
configuration of platens 450 reduces an overall size of platens 430 to less than a size
of known platens, and also increases the exposure of platens 450 to a flowpath of

syngas cooler 100 in comparison to known syngas cooler platens.

T
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During operation, a syngas stream discharged from the gasifier (shown in Figure 1) is
channeled into the top of syngas cooler 100, The syngas flows along platens 450 to
facilitate heating botler feedwater flowing through platens 450 to produce steam. By
its nature the syngas flowing through syngas cooler 100 is optically dense with
particulate matter that limits radiation heat transter to platens 450 due to limited sight
pathways. Further, the particulate matter within the syngas stream may have a
tendency to deposit on platens 450, thas reducing heat transfer. However, in the
exemplary embodiment, the vertical ortentation and the increased exposure of platens
450 1o the flowpath of syngas facilitate reducing the deposition of solids from the
syngas stream.  As a result, heat transfer from the syngas stream to the boiler
feedwater and steam production are facilitated to be increased. Moreover, the reduced
size of platens 450 facilitates reducing an overall length and/or diameter of syngas
cooler 100 without adversely affecting steam production andior increasing the

fabrication costs that are dependant on the size of syngas cooler 100,

Figure 1015 a further embodiment of a plurality of platens 300 that may be used with
syngas cooler 100, Figure 11 is a top view of platens 300, Platens 300 are helical.
specifically, each platen 500 extends both vertically along centerline 104 and
circumterentially about centerline 104, Further, cach platen 500 extends lenuth Lag
outward from centerline 104 toward the wall or shell (showsn in Figure 2) of syngas
cooler 100, Moreover, each platen 500 overlaps an adjacent platen 300, such that the

pherality of platens 500 form a helical-screw pattern.

Platens SO0 are configured to couple to a tube cage (shown in Figure 2} and extend
substantially vertically through syngas cooler 100, Further, the helical configuration
of platens 500 reduces an overall size of platens 500 to less than a size of known
platens, and also increases the exposure of platens 300 to a flowpath of svagas cooler

{00 tn comparison to known syngas cooler platens.

During operation, a syngas stream discharged from the gasifier {shown in Figure 1) is
channeled into the top of syngas cooler 100, The syngas flows along platens 500 to
facilitate heating botler feedwater flowing through platens 300 to produce steam. By

its nature the syngas flowing through svngas cooler 100 is optically dense with
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particulate matter that limits radiation heat transter to platens 500 due to limited sight
pathways. Further, the particulate matter within the syngas stream may have a
tendency to deposit on platens 300, thus reducing heat transfer. However, in the
exemplary embodiment, the vertical ortentation and the increased exposure of platens
500 to the flowpath of syngas facilitate reducing the deposition of solids from the

as stream.  As a result, heat transfer from the syngas stream to the boiler
feedwater and steam pmductim are facilitated to be mereased. Moreover, the reduced
size of platens 5300 facilitates reducing an overall length andfor diameter of syngas
cooler 100 without adversely affecting steam production andfor increasing the

fabrication costs that are dependant on the size of syngas cooler 100,

Figure 12 is vet another embodiment of a plurality of platens 550 that mav be used
with syngas cooler 100, Platens 550 mnclude a first portion of platens 552 and a
second portion of platens 354, Specifically, platens 552 are configured essentially
similar to platens 300 (shown n Figure 6}, and platens 354 are configured essentially

stmilar to platens 300 (shown in Figures 10 and 11).

Figure 13 1s an alternative embodiment of a plurality of platens 600 that may be used
with syngas cooler 100, Platens 600 include a first portion of platens 602 and a
second portion of platens 604. Specifically, platens 602 are configured essentially
similar {0 the embodiment of platens 300 shown in Figure 8, and platens 604 are

configured essentially similar to the embodiment of platens 300 shown in Figure 7.

Although Figures 12 and 13 only illustrate combinations of the platens shown in
Figures 6, 10, and 11, as will be appreciated by one of ordinary skill in the art, any of
the platens shown 1 Figures 3-11 can be used in combination to form a plurality of

platens that may be used with syngas cooler 100,

Specifically, any combination of the platens described herein will facilitate reducing
the deposition of solids from the syngas stream, thereby increasing heat transter from
the syngas stream to the boiler feedwater and increasing steam production. Moreover,

any combination of the platens described herein will facilitate reducing an overall
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length and/or diameter of syngas cooler 100 while maintaining steam production and

reducing costs that are dependant on the size of svngas cooler 100,

In one embodiment, a method for fabricating a syngas cooler 15 provided. The
method includes coupling a tube cage within the syngas cooler, and coupling a
plurality of platens to the tube cage 1o facititate steam production 1 the svngas cooler.
At least a first platen has at least one of a length that is larger than a length of a
second platen, a non-linear geometry, and an angular position that is obligue with
respect to a wall of the syngas cooler. In the exemplary embodiment, the method
includes coupling the plurahity of platens circumferentially around a centerline of the

syngas cooler.

Further, in one embodiment, the method includes coupling a first platen at an angle
with respect to a second platen.  In another embodiment, the method includes
fabricating at least one arcuate platen. In a Auther embodiment, the method mcludes
fabricating at least one helical platen. Morsover, in the exemplary embodiment, the
method includes fabricating at {east one of the plarality of platens to with an increased
surface area to facilitate improving steam production in the svagas cooler. In the
exemplary embodiment, the method also includes fabricating at least one of the
plurality of platens with a geometry that facilitates reducing an overall size of the

syngas cooler,

The above-described systems and methods facilitate reducing an overall length and/or
diameter of the svngas cooler while maintaining steam production and reducing cosis
that are dependant on the size of the syngas cooler. Specifically, during operation, a
syngas stream is discharged from the gasifier into the top of a vertically oriented
syngas cooler. The syngas then flows along the platens to heat boiler feedwater
flowing through the platens, thereby producing steam. By its nature the syngas
flowing through the syngas cooler is optically dense with particulate matter that imits
radiation heat transfer (o the platens due fo {imited sight pathways. Further, the
particulate matter within the syngas stream may also deposit on the platens further

reducing heal transfer.
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Accordingly, the platens disclosed herein are oriented in a vertical fashion and spaced
from the centerline of the syngas cooler to facilitate preventing deposition of sohds
from the syngas stream. Moreover, the platens described herein are configured to
facilitate providing a greater exposure of the platen surface area to a flowpath of the
syngas cooler in comparison to knows syngas cooler platens. Specifically, the platens
described herein are configured with geometric configurations, wherein a number, an
angle, and a length of the platens differ from known syngas cooler platens. More
specifically, the platens are configured with diffenng lengths and/or non-linear
geometries andfor configured to couple to a tube cage at an oblique angle with respect

to & wall of the svngas cooler.

By reducing the deposition of solids and increasing the surface area of the platens, the
platens disclosed herein facilitate increasing heat transfer from the syngas stream to
the boiler feedwater and, thus, increasing steam production,  In addition, the platens
described herein are configured to requive less space within the syngas cooler.
Accordingly, the platens facilitate reducing an overall length and/or diameter of the
syngas cooler while maintaining steam production and reducing costs that are

dependant on the size of the syngas cooler.

As used herein, an element or step recited in the singular and proceeded with the word
“a” or “an” should be understood as not excluding plural said elements or steps,
unless such exclusion 1s explicitly recited.  Furthermore, references to “one
embodiment” of the present invention are not intended to be interpreted as excluding

the existence of additional embodiments that also incorporate the recited features.

Exemplary embodiments of systems and methods for fabricating syngas cooler
platens are described above in detail. The systems and methods iflostrated are not
limited to the specific embodiments described herein, but rather, components of the
system may be utihized independently and separately from other components
described herein.  Further, steps desaribed in the method may be utilized

independently and separately from other steps described herein.

1o
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While the invention has been described in terms of vartous specific embodiments, it
will be recognized that the mnvention can be practiced with modification within the

spirit and scope of the claims.
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WHAT IS CLAIMED IS:
i A method for fabricating a syngas cooler, said method comprising:
coupling a tube cage within a syngas cooler; and

coupling a plurality of platens to the tube cage to facilitate steam production n the
syngas cooler, wherein at least a first platen has at least one of a length that is larger
than a length of a second platen, a non-hinear geometry, and an angular position that is

oblique with respect to a wall of the syagas cooler,

2, A method in accordance with Claim 1 wherein coupling the plurality of
platens to the tube cage further comprises coupling the plurality of platens

circumferentially around an approximate centerline of the svagas cooler.

i

3. A method in accordance with Claim 1 wherein coupling the plunahity of
platens to the tube cage further comprises couphing a hirst platen at an angle with

respect to a second platen,

4, A method in accordance with Claim 1 further comprising fabricating at least

one arcuate platen.

3 A method in accordance with Claim 1 further compnsing fabricating at least

one helical platen.

&. A methoed 1 accordance with Claim 1 further comprising fabricating at least
one of the plurality of platens with an increased surface area to facilitate improving

steam production in the syagas cooler.

7. A method in accordance with Claim 1 further comprising fabricating at least
ove of the plurality of platens with a geometry that facilitates reducing an overall size

of the syngas cooler.
& A syngas cooler comprising:

a tube cage;
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a plurality of platens coupled fo the tube cage to facilitate steam production n the
syngas cooler, wherein at least a first platen has at least one of a length that is larger
than a length of a second platen, a non-linear geometry, and an angular position that is

oblique with respect to a wall of the syngas cooler.

9, A svngas cooler in accordance with Claim 8 wherein the plurality of platens

are circumferentially coupled around an approximate centerline of the syngas cooler.

10, A syngas cooler in accordance with Claim 8 wherein a first platen is coupled

at an angle with respect to a second platen.

Pl A syngas cooler i accordance with Claim 8 wheremn at least one of the

plurality of platens is arcuate.

12 A syngas cooler in accordance with Claim 8 wherein at least one of the

Peed

plurality of platens is helical.

13, A syngas cooler in accordance with Claim 8 wherein at least one of said
plurality of platens has an increased a surface area to facilitate vmproving steam

production i the syngas cooler.

14, A syngas cooler 1n accordance with Claim 8 wherein at least one of said

plurality of platens facilitates reducing an overall size of said syngas cooler.

IS0 A plurality of platens configured to coupled to a tabe cage of a syngas cooler
to facilitate steam production in the syngas cooler, wherein at least a first platen has at
least one of a length that is larger than a length of a second platen, a non-linear

geometry, and an angular position that is oblique with respect to a wall of the syngas

cooler,

6. A platen in accordance with Clamm 15 wherein said platen is coupled to the

tube cage at an angle with respect to a second platen.

£7. A platen in accordance with Claim 13 wheremn satd platen 18 arcuste.
{8, A platen in accordance with Claim 13 wherein satd platen s helical.
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19, A platen in accordance with Claim 15 wherein said platen has an increased a
surface area to factlitate improving steam production in the syngas cooler,
20, A platen i accordance with Claim 1S wherein said platen facilitates reducing

an overall size of the syngas cooler.

i~
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