A FLOW CONTROL METHOD AND APPARATUS SUMMARY [0001]An apparatus for
redirecting fluid flow in a plenum provides flow performance (quality), structural, and economic
advantages by using an array of flat blades that is mounted at an angle with respect to the
inlet (upstream) fluid flow, such that the blades are titled with respect to that flow and
correspondingly redirect the flow in a desired direction. The apparatus, also referred to as a
"GSG" or "graduated straightening grid," has a range of applications, and offers a number of

performance, structural, and/EROWIGDATROILAIEBHD RANDSERFARPIIUSLIONS. As a particular,
but non-limiting example, one or more embodiments of the flow-redirecting apparatus taught
herein are configured for use in selective cataBHMYédEfors (SCRs), such as used for
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redirect the fluid flow from the first flow direction to the second flow direction. In this sense,
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being redirected. The oblique angle thus presents an inclined, graduated surface to the

inlet/upsieeapstioihatiien andiarreesnnodingy redieest tbadlewiadlpeined dresicediRecaeraRbiton
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of an interior cross section at a position within the plenum where the transverse array is to be
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needed to achieve a desired flow quality for the fluid flow. The method may include adjusting
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[0002] In at least one embodiment, an apparatus for redirecting fluid flow in a plenum from a
first flow direction to a second flow direction comprises a transverse array of flat blades
positioned at an angle oblique to the first flow direction to redirect the fluid flow from the first flow
direction to the second flow direction. In this sense, “transverse” denotes that the blades are
lengthwise transverse to the direction of the flow being redirected. The oblique angle thus
presents an inclined, graduated surface to the inlet/upstream flow, such that the windward face
of each blade in the array redirects a portion of the flow in the desired direction.

[0003] In another embodiment, a method of designing a transverse array of flat blades for
use in redirecting fluid flow in a plenum from a first flow direction to a second flow direction
comprises defining a transverse blade length as a function of an interior cross section at a
position within the plenum where the transverse array is to be mounted, and adjusting at least
one of a blade height, blade spacing, and blade angle as needed to achieve a desired flow
quality for the fiuid flow. The method may include adjusting the blade angle by adjusting a

planned mounting angle of the transverse array within the plenum.



spacing, and blade angle as needed to achieve a desired flow quality for the fluid flow
comprises simulating fluid flow in a simulation model of the transverse array, assessing a
modeled flow quality against one or more quality requirements, and adjusting one or more of a
modeled blade height, modeled blade spacing, and modeled blade angle until the modeled
flow quality meets the one or more flow quality requirements. Such processing may be
automated partially or wholly, such as by configuring a simulation model with design

requiremegyajand idesig oakngeeiarsantsiesignd adisfifs (stiebsterdate hatg tdiapaaing
adjustment ranges), and configuring the simulation to tune the array design against flow
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dimensions, allowable array weights, structural fastenig?g/éﬁlég ort details, stiffness, etc.

[0005]OF ¥OAFSES FiBLLAing Ldd R M Rloo JRsis YERE AL BRI R es
upon reaglingtheifol QS&M .Rgp E?Qn@%%%%@%%@m[@mm%%mﬂwa%re ofa

drawings. BRIEF DESC ION OF THE D 0006]Fig. 1 is a simplified side view
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[0007]Fig. 2 is a simplified side view of blade details for one or more embodiments of the
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designating preferred design tradeoffs (such as blade height-to-spacing adjustment ranges),
and configuring the simulation to tune the array design against flow quality requirements. The
design requirements may include structural details, including dimensions, allowable array
weights, structural fastening/support details, stiffness, etc.

[0005] Of course, those skilled in the art will recognize additional features and advantages

upon reading the following detailed description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Fig. 1 is a simplified side view of one embodiment of a transverse array for flow
redirection, shown within a plenum.
[0007] Fig. 2 is a simplified side view of blade details for one or more embodiments of the
array shown in Fig. 1.
[0008] Fig. 3 is a simplified perspective view of one embodiment of a transverse array,
particularly illustrating the flat blades used for flow redirection.
[0009] Fig. 4 is a simplified plan view of one embodiment of a transverse array.
[0010] Figs. 5 and 6 are logic flow diagrams illustrating processing logic such as may be
implemented on a computer system, for one or more embodiments of a method of designing a

transverse array for flow redirecting.



[0009]Fig. 4 is a simplified plan view of one embodiment of a transverse array. [0010]Figs. 5
and 6 are logic flow diagrams illustrating processing logic such as may be implemented on a
computer system, for one or more embodiments of a method of designing a transverse array
for flow redirecting. arrays as installed in plenums for selective catalytic reactors (SCRs).
DETAILED DESCRIPTION [0012]Fig. 1 illustrates a transverse array 10, which is also
referred to as a "graduated straightening grid" or simply as "array 10." From the illustration,
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is configured for fixed mounting within a plenum 14, for redirecting a fluid flow from a first flow

directioreteegssascioatditolindilerstion fanspdivel aatatyth oeddtors E§fpRetiated that the illustrated,
novel arrangement for redirecting the fluid flow provides high downstream flow quality in the

second flow direction, without need for % j ing vanes downstream of the
array 10. [0013]The illustration depictsgéépfé}é'e%/?)ee\;'i/ 0 ?’ge@ gr,é@nlo and it will be appreciated
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oriented transverse to the first flow direction. Further, as shown in the illustration, one
examplestraighitenion gricher aimply E8 igrmyalédrnnpihsiiibstatipmenesessithapleaarred 40where
a first plenum section 16 is griented in the first flow direction and a second plenum section 18
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flow direction. In particular, it should be appreciated that the illustrated, novel arrangement for
redirecting the fluid flow provides high downstream flow quality in the second flow direction,
without need for supplemental straightening vanes downstream of the array 10.

[0013] The illustration depicts a side view of the array 10 and it will be appreciated that the
viewer sees an “end view” of the blades 12, and that the blades 12 are lengthwise oriented
transverse to the first flow direction. Further, as shown in the illustration, one example
installation of the array 10 is at a corner position or junction of the plenum 14, where a first
plenum section 16 is oriented in the first flow direction and a second plenum section 18 is
oriented in the second flow direction. Thus, the array 10 in this example is configured for
redirecting the fluid flow at the corner junction between first and second plenum sections 16 and
18.

[0014] One sees that an exemplary oblique angle for mounting the array 10 with respect to
the first flow direction is the “corner angle” of the corner junction between plenum sections 16
and 18. One sees that the upstream blade edges of the blades 12 define a plane and, in at least
some design applications, it is preferred to align that plane along the corner diagonal line 20
running from the inside plenum corner 22 to the outside plenum corner 24.

[0015] Of course, it should be understood that other alignments may be used, and the array

10 can be raised or lowered relative to the corner centerline as a “tuning” parameter for



[0014]0ne sees that an exemplary oblique angle for mounting the array 10 with respect to the
first flow direction is the "corner angle" of the corner junction between plenum sections 16 and
18. One sees that the upstream blade edges of the blades 12 define a plane and, in at least
some design applications, it is preferred to align that plane along the corner diagonal line 20
running from the inside plenum corner 22 to the outside plenum corner 24. [0015]Of course, it
should be understood that other alignments may be used, and the array 10 can be raised or
lowered ggiailiRgl QIR ¢ ABILE CARF R AR oHBHEhRRERTERREPT 1RCAHE M HESiFey Hlgw
guality, mounting convenience, etc. Further, the angle of the array 10 relative to the first flow
directionrefmtiyd® therfrasiohodicetoeasey esapaskal malwwechseit gpaenmeteanaatlthegoblique
angle thus does not necessarily track inside-to-outside corner angles. Still further, it should be
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positioning can be varied as w quality an anical consfderations.
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embodiment of the array 10. In particular, for ease of reference rather than limitation, one
sees thagndeeraersvesitieniageambe setied| as ocERehiotfivwi andlitp drsreealintival cb s @0chst
faces Iookingﬂiento the fluid flowing in the first flow direction and an opposite, leeward face 32.
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aerodynamic profile. Indeed, unfinished square edges such as those associated with plate
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flow rates, thicker blades, etc., ma%jbene,fit from shaped blade ed%es.réOO%%Jln overall respect
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a range from about six inches to about eighteen inches, and a blade spacing "c" between

adjacentdgladRaclAvith tihe autRyddvhsiiegrinsadaitoW Qircethel THyaeupsthes arbdwnstream
twenty-four inches. Further, the oblique angle-mounting angle of the array 10 relative to the
first flowdadectiegesityand 36 meteer I ackhpeprhined eofaimeed Biean BEGradyBREEP®Slle 0 in

a range from about minus twenty-five degrees to about plus twenty-five degrees.
9 Tndee , un mfsr}weg square edges such as those assocExted th% p%te sefee?generally provide

acceptable performance. However, some installations having higher flow rates, thicker blades,
etc., may benefit from shaped blade edges.

[0017] In overall respect to array configurations, one or more embodiments of the array 10
are based a blade height “h” as measured from the upstream blade edge 34 to the downstream
blade edge 36 being in a range from about six inches to about eighteen inches, and a blade
spacing “c” between adjacent blades 12 in the array 10 being in a range from about three inches
to about twenty-four inches. Further, the oblique angle—mounting angle of the array 10 relative
to the first flow direction—may be selected to place the blades 12 in the array 10 at a blade
angle 6 in a range from about minus twenty-five degrees to about plus twenty-five degrees.
[0018] Of course, whether the parameters are set within the above ranges, it should be
understood that the array 10 may be “tuned” as needed for given installation requirements by

4



[0018]Of course, whether the parameters are set within the above ranges, it should be
understood that the array 10 may be "tuned" as needed for given installation requirements by
adjusting one or more such parameters. Such tuning may fix one or more such parameters
and vary one or more others in an iterative fashion to arrive at a design solution that yields
acceptable flow quality, while meeting all practical cost and mechanical considerations.
[0019]In at least one embodiment, a preferred blade height "h" is at or about twelve inches,

and a pradglsashRIaslershaeR0ch Tardmateps. IRH SRS FixaHe arpreferseshipagmaradafds

at or about nineteen degrees. (One sees in Fig. 2 that the blade angle is measured between a
line runniaty friogreuponeaiitelsi dtlenctigetise fashiontesardenalriattsion gel Bemtdtyitds parallel
with the second flow direction. Thus, if the second flow direction is vertical, then the preferred
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between -25 degrees to +25 degrees (Inclusive) with respect to the second flow direction,
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using a line connecting the upstream and downstream blade edges 34 and 36. [0020]Further

regardingr abreyt déwitgecdrgidesatiomsséesind gnibhdirtterttidde drgiieihmepwusedrhelaaared lfrem
the upstream blade eéj]%e 34 to the downstream blade edge 36 is configured to be about two
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For at least some Installations, the 2x ratio Is preferred, but it s e understood that the

heighttoHsipatratisbis.erarickaalegiesy GfRARERIBICANN GRaYrbadManiebaied asgrast tethe
array design process. For example, weight and/or cost restrictions may call for a reduced

blade coamray ritisrsielgaiedtit RatitispasiigpindectSsindifo agme ozt aybdidnengion? dibstwtenadss,
for example, the overall array mouniting angle can be changed and/or the blade height can be
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the upstream and downstream blade edges 34 and 36.
[0020] Further regarding array design considerations, in one embodiment the blade height
as measured from the upstream blade edge 34 to the downstream blade edge 36 is configured
to be about two times the blade spacing as measured between adjacent blades 12 the array 10.
Mathematically, & = 2c . In another embodiment, the ratio is set to 2.5 times, i.e., #=2.5¢. For
at least some installations, the 2x ratio is preferred, but it should be understood that the height-
to-spacing ratio is a candidate tuning parameter and may be manipulated as part of the array
design process. For example, weight and/or cost restrictions may call for a reduced blade count,
meaning that blade spacing increases for given array dimensions. In such cases, for example,
the overall array mounting angle can be changed and/or the blade height can be changed to
compensate for the reduced blade count.

[0021] Turning to Fig. 3, one sees a simplified perspective view of the blades 12 in a given

array 10, emphasizing the lengthwise transverse orientation of the blades 12, and further



illustrating the deflection by the windward blade faces 30 of the flowing fluid from the first flow
direction to the second flow direction. While the leeward face 32 is not visible in Fig. 3, one or
more embodiments contemplated herein include a structural stiffener integrated or otherwise
mounted on the leeward faces 32 of the blade 12. (Such structural stiffening is shown later
herein, for a large scale SCR application.) [0022]As for other mechanical and structural
considerations, one should note that the term "plenum” is to be given broad construction

herein. Fiisexangnie d8RcdsiinBiome aienpated s IneDMpRssieg hult isomtiTitsditwa
fluid-filled space in a structure (e.g., gas, air, etc.), and particularly a conduit or other passage
carrying dréigiiomty thaderomthtiow sitedio bt Méhieidee fepwardiiaceebrmisivelsvisdig BdEigs drippe or
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[0023)Further, it should be understood that mounting features of the array 10 may be tailored
as needadréintier pastige kusicoS GRe gpigiuatiod. in which it is installed. For example, Fig. 4
depicts a plan view of a given array 10, illustrating not only the transverse orientation of the

blades 16082t alsésiswiner Apehaniet prdaifecdgalnorsidesaiersagne sapykl tetetaiihaiesm 2
and whigh maxl,he u?)ed to fi)i)the rray, 10 within the |plenum 1@. ;[‘gu in.one or.more
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comprise two or more sub-arrays. For example, for very large plenum cross-sections, a

number aific pradieulaviyay schduih ay dibeu passtaydarampania egtoveneafiuih duniing, theesotinedviséerior
space. Doing so may provide, for example, greater structural integrity, as well as limiting
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that the blades 12 are unifarmly spaced within the, arra (iin one,or more embodiments
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and another portion may be non-uniformly spaced. Such variations may be adopted to allow

for strucwhighrtheumtay tt0ds acsuntextiate obstructions, etc.
[0023] Further, it should be understood that mounting features of the array 10 may be
tailored as needed to the particulars of the plenum 14 in which it is installed. For example, Fig. 4
depicts a plan view of a given array 10, illustrating not only the transverse orientation of the
blades 12, but also showing a perimeter frame 40, which serves as a carrier for the blades 12
and which may be used to fix the array 10 within the plenum 14. Thus, in one or more
embodiments, the array 10 includes at least a partial perimeter frame 40 for structurally fixing
the array 10 within the plenum 14. Also, it should be understood that the array 10 may comprise
two or more sub-arrays. For example, for very large plenum cross-sections, a number of smaller
arrays 10 may be used to form a larger array spanning the required interior space. Doing so
may provide, for example, greater structural integrity, as well as limiting individual blade lengths
to more practical values.
[0024] Still further, it should be understood that the blades 12 are uniformly spaced within

the array 10 in one or more embodiments. However, in one or more other embodiments, the
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[0025]0f course, all design parameters can be set and adjusted as needed for a given
installation. Indeed, one aspect of the teachings herein comprises a design methodology
whereby computer simulation (and/or experimental scale modeling) and parameter
adjustment yield an array 10 that is configured given particular installation requirements. Such
simulation may be based on computational fluid dynamics (CFD) modeling and/or
experimental scale modeling, and may be implemented in whole or in part on a computer

system, Bidtie PGrdadiRGhAEAIY BpiREdeAMADIRAAELIT. SN SHHas diBBERR S tEYSSIanS dor
carrying out the array tuning method within a flow simulation environment. [0026]Fig. 5

illustratethe hiadgaliddiaebe ohiserohlysspaettoahd anetedn dics seaydebeyinsiiforitiyinpattdg
design requirements (Block 100). Such requirements may be desired flow Hualit in the
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Such reqyirements generally will include basic plenum dimensions, flow volumes, velocities,
etc. With basic design requirements in place, a method of designing the array 10 includes
defining poas)svesechlass HNBdIgh paamdenctionef s JntbagusEsssIRitied fira gRekion
within the plenum 14 where the array 10 is to be mounted (Block 102). Processing continues

with adjuBsiabetione insesdectrasnaaohtig fraghige Bpabimgmnigas adtesiagmeikodeloged to
achieve a desired flow quality for the fluid flow (Block 104). [0027]Such processing may be
Cerative ATSHLSTBRUAT BETUIRIER 1y BN SHOUT BRG] BTABRIRATD EohBeTs TRt Spaetion
a range pibdesian -BRRIMEIES CHRIERIPHFEY S OEMNEIRIGY LYlRhRAERRIE SR Brdyade
height, spacing, angle, overall blade count, etc.), until the design requirements are met. Again,
such prosegdia@asey drecoansieationhMiaiddpnphties ¢DRDIatiodeima dlalloneagetingraiidaion
environment or in experimental scale modeling. [0028]Fig. 6 illustrates one embodiment of

iterative RS INGn AN SR)hejroRieREIRg hiayhelsresiBriialeeni i e BIsEIe1ta Ty fer 9y P Fhe

array dealaqlp may be |q|t|allzgngS|n ddefaul or.nominal array par met]ers such as totﬁfault

blade helgh{,‘ %Sa&’fh‘ﬁ‘,’ ghr Eglng & (@ ockMEBY° E"ngé)sfg ranaé)n nae i %acfjrl)f's %uanf? 8heYor

more pafgipRisiSIRAPRARNIMNEIRISIHA SRV RYGRER. @ mandated blade spacing (Block 112).

Processing continues with running/evaluating the corresponding simulation model (Block
114). [0qRe2EY aludimprs dustaieesnéosrebedinmet csugaengethadswheleie grijovssing hegiragainst

with inputting design requirements (Block 100). Such requirements may be desired flow quality
in the second direction, which may be expressed in terms of laminar quality, turbulence values,
etc. Such requirements generally will include basic plenum dimensions, flow volumes, velocities,
etc. With basic design requirements in place, a method of designing the array 10 includes
defining a transverse blade length “L” as a function of an interior cross section at a position
within the plenum 14 where the array 10 is to be mounted (Block 102). Processing continues
with adjusting at least one of a blade height, blade spacing, and blade angle as needed to
achieve a desired flow quality for the fluid flow (Block 104).

[0027] Such processing may be iterative and may use or be driven by scripts or other
programmatic controls that step through a range of design parameter choices for any one or
more array tuning parameters (e.g., blade height, spacing, angle, overall blade count, etc.), until
the design requirements are met. Again, such processing may be carried out via computer
simulation in a flow modeling simulation environment or in experimental scale modeling.
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design requirements. If design criteria are met (within some acceptable range of variations)
(Block 116), processing "ends." If design criteria are not met, and if an iteration limit or other
processing constraint is not exceeded (Block 118), processing continues with tuning one or
more array parameters and re-running/re-evaluating the re-tuned simulation model (Block
120). Such iterative tuning continues as needed or until an iteration constraint is exceeded.
[0030]In one or more embodiments, tuning the array 10 includes adjusting the blade angle by

adjustinggazipnn gmmog{a&@m%e ehtRRiREAYot Rerdii sy RipMMgTslén brovesinleragtively
es

or additionally inclu adjusting at least one of a blade height, blade spacing, and blade
angle asremesat detaithienBlackid Sited Figys qlisdiayriyr desidiuithfl be inkigdiredusirgtdefimdt wray
comprise simulating fluid flow in a simulation model of the array 10, assessing a modeled flow

quality aBRIHeRIGHEL PARIRSIS (R RerR ARiAvE Nade he gl RoRcl &R PR BN HQeled
lade Dbl andcisRRd ARGl dedethBladarandle BL G MGGR Gty

meets the one ormore tflow quality req iregbg'nts. Also, as noted, adjusting at least one of a
blade height, 4dada:-sracio iRt plamg BaiR asnaadeskihgcbitivads dabirachilevaladitngor

the fluid flow may include initializing a transverse array design using a default blade height, a
default bilzeleosieapimginarsinauiattnunasieldBlasiyld 4and then adjusting one or more of those

default values. [0031]Such defaults may be based on setting the default blade height and the
default IRRPE padiyg! Wit GRIBPE S pl i RxARRIF S8 PRI IBS Sy i flﬂwa%%'f'ﬁ%g%’-'@ﬁe.
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flexibility(mogind sF;igecéssingrehsilsissignapipdieaticenmexastp el wharethtoariajt dOdser
configured for various SCR applications. In particular, Fig. 7 highlights leeward side structural
stiffenerpronasring|aersiraint isnetikrcecded (BleehAmRapieeasaingFaeHRUASIVIThBIBNGRAA 974 in

these illustrations comprises an upstream element of lecti talyti t CR)
and e P TR AATGFa AT e OERG VLE MW 6 oL S A S RHGI0Ek A2 The

array 1045 GodimitieddRAh eshiivelaler saaplsn MORe-SfRredatrdint is exceeded.

[0030] In one or more embodiments, tuning the array 10 includes adjusting the blade angle
by adjusting a planned mounting angle of the array 10 within the plenum 14. Tuning alternatively
or additionally includes adjusting at least one of a blade height, blade spacing, and blade angle
as needed to achieve a desired flow quality for the fluid flow. Again, such tuning may comprise
simulating fluid flow in a simulation model of the array 10, assessing a modeled flow quality
against one or more quality requirements, and adjusting one or more of a modeled blade height,
modeled blade spacing, and modeled blade angle until the modeled flow quality meets the one
or more flow quality requirements. Also, as noted, adjusting at least one of a blade height, blade
spacing, and blade angle as needed to achieve a desired flow quality for the fluid flow may
include initializing a transverse array design using a default blade height, a default blade
spacing, and a default blade angle, and then adjusting one or more of those default values.
[0031] Such defaults may be based on setting the default blade height and the default blade

spacing according to a blade height to blade spacing ratio of about two-to-one. Further, the



should be understood that the foregoing description and the accompanying drawings
represent non-limiting examples of the methods, systems, and individual apparatuses taught
herein. As such, the present invention is not limited by the foregoing description and
accompanying drawings. Instead, the present invention is limited only by the following claims
and their legal equivalents. CLAIMS What is claimed is: 1_An apparatus for redirecting fluid
flow in a plenum from a first flow direction to a second flow direction, said apparatus
comprisifgiadrangye e g ailmgdenansitinassexionstanue ehlignere daadirsidiavhed
direction to redirect the fluid flow from the first flow direction to the second flow direction. 2.
The apptanages bf blaiie Neigihardninbeaad @atigus is configured for redirecting the fluid flow at

i tion betw first and ond pleny ecti , sajd first pl secti i
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along a diagonal line of the corner junction. 3. The apparatus of claim 2, wherein the plane is
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[0033] However, the array 10 is not limited to these illustrated examples. More generally, it
should be understood that the foregoing description and the accompanying drawings represent
non-limiting examples of the methods, systems, and individual apparatuses taught herein. As
such, the present invention is not limited by the foregoing description and accompanying

drawings. Instead, the present invention is limited only by the following claims and their legal

equivalents.



edge to a downstream blade edge is in a range from about six inches to about eighteen
inches and a blade spacing between adjacent blades in the transverse array is in a range
from about three inches to about twenty-four inches, and wherein the oblique angle is
selected to place the blades in the transverse array at a blade angle in a range from about
fifteen degrees to about twenty-five degrees. blade spacing is at or about six inches, and the
blade angle is at or about nineteen degrees. 7. The apparatus of claim 1, wherein a blade
height as measured from an upstream blade edgenim@ downstream blade edge is configured
to be about two times a blade spacing as measured between adjacent blades in the
transverd¥hatrgyelagnerhe: apparatus of claim 7, wherein the oblique angle is selected to

position each blade in the transverse. array at a blade angle of befween mjnus twenty-five
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upstream and downstream blade edges. 9. The apparatus of claim 1, wherein one or more of
the bladeblinotudabedisit flot tiestithe frereditectrtite dutt iiwdravistharfivstriied directieetward face of
the blade, wherein the leeward face of the blade is the side of the blade away from the first
flow direéﬁ@‘?ﬂdi'e‘!"'ﬂifécéiﬁﬂaratus of claim 1, wherein the transverse array includes at least a

partial perimeter frame for structurally fixing the transverse array within the plenum. 11. The
apparatus of claim 1, wherein the transverse array comprises two or more sub-arrays. 12.
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array.
flow at corner junction between first and second plenum sections, said first plenum section
conveying the fluid flow in the first flow direction and said second plenum section conveying the

fluid flow in the second flow direction, and wherein a plane defined by the transverse array is

aligned along a diagonal line of the corner junction.

3. The apparatus of claim 2, wherein the plane is defined by upstream edges of the blades
in the transverse array and wherein the oblique angle represents a measure of the angle

between the first flow direction and the plane.

4. The apparatus of claim 3, wherein the transverse array is positioned with the plane

aligned on a diagonal line extending from inside to outside corners of the corner junction.

5. The apparatus of claim 3, wherein a blade height as measured from an upstream blade
edge to a downstream blade edge is in a range from about six inches to about eighteen inches
and a blade spacing between adjacent blades in the transverse array is in a range from about
three inches to about twenty-four inches, and wherein the oblique angle is selected to place the
blades in the transverse array at a blade angle in a range from about fifteen degrees to about
twenty-five degrees.
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transverse array. 14. The apparatus of claim 1, wherein the plenum comprises an upstream
element of a selective catalytic reactor (SCR), and wherein the transverse array is configured
for redirecting a gas flow into the SCR. 15. A method of designing a transverse array of flat
blades for use in redirecting fluid flow in a plenum from a first flow direction to a second flow
direction, said method comprising: defining a transverse blade length as a function of an
interior cross section at a position within the plenum where the transverse array is to be
mountedi.and dtipiatipgr &ticafstiamesoivhdpdinthé blgd, Helightispamiagpattddiedechagl¢has
needed to achieve a desired flow quality for the fluid flow. 16. The method of claim 15, further
Comprisiwﬁdﬁcﬁ%ﬁ'ﬁ@ igat graﬁj@lg@énﬁpegdﬁjrgm@ plade angle is at or about nineteen degrees.

7. The apparatus of claim 1, wherein a blade height as measured from an upstream blade
edge to a downstream blade edge is configured to be about two times a blade spacing as

measured between adjacent blades in the transverse array.

8. The apparatus of claim 7, wherein the oblique angle is selected to position each blade in
the transverse array at a blade angle of between minus twenty-five degrees and plus twenty-five
degrees with respect to the second flow direction, wherein the blade angle is measured relative

to the second flow direction using a line connecting the upstream and downstream blade edges.
9. The apparatus of claim 1, wherein one or more of the blades includes a structural
stiffener integrated or otherwise mounted on a leeward face of the blade, wherein the leeward

face of the blade is the side of the blade away from the first flow direction.

10. The apparatus of claim 1, wherein the transverse array includes at least a partial

perimeter frame for structurally fixing the transverse array within the plenum.

11. The apparatus of claim 1, wherein the transverse array comprises two or more sub-

arrays.

12.  The apparatus of claim 1, wherein the blades are uniformly spaced within the transverse

array.
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planned mounting angle of the transverse array within the plenum. 17. The method of claim
15, wherein adjusting at least one of a blade height, blade spacing, and blade angle as
needed to achieve a desired flow quality for the fluid flow comprises simulating fluid flow in a
simulation model of the transverse array, assessing a modeled flow quality against one or
more quality requirements, and adjusting one or more of a modeled blade height, modeled
blade spacing, and modeled blade angle until the modeled flow quality meets the one or more
flow qualigy reqlineapeatsius®f Thimictivdeof taipndds avheminkitjuslyrapatdd asthonthof a
blade height, blade spacing, and blade angle as needed to achieve a desired flow quality for
the fluid YRATESPRAT s 12 initializing a transverse array design using a default blade height,
a default blade spacing, and a default blade angle. 19. The method of claim 18, further
comprising setting the default blade height and the default blade spacing according to a blade

height torhladesRagHpErsaloPERIA YL WHerkin@ne pleklnt BempRiBOErOf sdaan 8ichEesf a
comprising setting the default blade height to about twelve inches and correspondingly setting

the defaséldsitideoatridingersion 63 Bix andivéwrei theHeanseerrsopohy|isiepnig)Uierd et reditgstining

setting the default blade ar&%e to about nineteen degrees relative to the second flow direction.
a gas flow into the SCR.

15. A method of designing a transverse array of flat blades for use in redirecting fluid flow in
a plenum from a first flow direction to a second flow direction, said method comprising:
defining a transverse blade length as a function of an interior cross section at a position
within the plenum where the transverse array is to be mounted; and
adjusting at least one of a blade height, blade spacing, and blade angle as needed to

achieve a desired flow quality for the fluid flow.

16. The method of claim 15, further comprising adjusting the blade angle by adjusting a

planned mounting angle of the transverse array within the plenum.

17.  The method of claim 15, wherein adjusting at least one of a blade height, blade spacing,
and blade angle as needed to achieve a desired flow quality for the fluid flow comprises
simulating fluid flow in a simulation model of the transverse array, assessing a modeled flow
quality against one or more quality requirements, and adjusting one or more of a modeled blade
height, modeled blade spacing, and modeled blade angle until the modeled flow quality meets

the one or more flow quality requirements.

18.  The method of claim 17, wherein adjusting at least one of a blade height, blade spacing,
and blade angle as needed to achieve a desired flow quality for the fluid flow comprises
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22. The method of claim 17, wherein initializing the transverse array design using a default
blade height, a default blade spacing, and a default blade angle comprises setting the default
blade height to a value in a range from six inches to eighteen inches, setting the default blade
spacing in a range from three inches to about twenty-four inches, and setting the default blade
angle from about minus twenty-five degrees to about plus twenty-five degrees. 23. The
method of claim 15, further comprising adjusting the actual blade spacing away from a default
blade spadializing e ttacevarsagyeggesigblasicgcadafadt tlederbeight s dedardyblageilepacing, and a

compensating for the increased blade spacing by correspondingly adjusting one or both of the
blade heﬁ’&fﬁ‘g‘r{ﬂaﬂ%\ﬂ@%gle.

19. The method of claim 18, further comprising setting the default blade height and the

default blade spacing according to a blade height to blade spacing ratio of about two-to-one.

20.  The method of claim 18, further comprising setting the default blade height to about

twelve inches and correspondingly setting the default blade spacing to about six inches.

21.  The method of claim 18, further comprising setting the default blade angle to about

nineteen degrees relative to the second flow direction.

22, The method of claim 17, wherein initializing the transverse array design using a default
blade height, a default blade spacing, and a default blade angle comprises setting the default

blade height to a value in a range from six inches to eighteen inches, setting the default blade
spacing in a range from three inches to about twenty-four inches, and setting the defauit blade

angle from about minus twenty-five degrees to about plus twenty-five degrees.

23.  The method of claim 15, further comprising adjusting the actual blade spacing away from
a default blade spacing to reduce an aggregate blade count for the transverse array, while
compensating for the increased blade spacing by correspondingly adjusting one or both of the

blade height and blade angle.
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