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(57) ABSTRACT 
A distributor for a circulating dry scrubber reactor includes a 
Venturi section with a venturi section wall extending from a 
Venturi section inlet to a Venturi section outlet along a longi 
tudinal axis, with the venturi section inlet connected to an 
inlet plenum and the Venturi section outlet connected to a 
circulating dry scrubber reactor. A hub is mounted within the 
Venturi section wall with an annular converging-diverging 
flow path defined between the venturi section wall and the hub 
for distribution of gas flow from the venturi section outlet into 
a circulating dry scrubber reactor space and for maintaining 
stable bed fluidization in a CDS system at a comparatively 
low system pressure loss. 
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GAS DISTRIBUTORS FOR CIRCULATING 
FLUIDZED BED REACTORS 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to circulating fluidized 
bed (CFB) gas distributors and more particularly to systems 
for gas distribution and bed stability in circulating dry scrub 
ber (CDS). 
0003 2. Description of Related Art 
0004. The concept of circulating dry scrubbing is well 
known in the art. See, for example, Neathery, J. K., “A Fun 
damental Study of Circulating Bed Absorption for Flue Gas 
Desulfurization.” Ph.D. Dissertation, University of Kentucky, 
1993. CDS technology has many advantages over other sys 
tems such as limestone wet flue-gas desulfurization (FGD) 
and lime-based spray drying absorption (SDA). Among the 
most appealing benefits of CDS are: low capital costs, Small 
footprint, simple construction with few moving parts, carbon 
steel construction, the absence of a liquidblowdown stream to 
be treated, and the production of a dry spent Sorbent product. 
0005 CDS technology incorporates dry sorbent recircula 
tion in a lean-phase transport reactor to achieve Sulfur cap 
ture. Hydrated lime and humidification water are injected into 
the bottom of a reaction chamber concurrently with flue gas. 
The flue gas Suspends, dries, and transports the sorbent 
through the reaction vessel and out into aparticulate collector. 
A large portion of both the spent and unutilized sorbent 
streams are recycled into the reactor vessel as a dry powder. 
The recycle of sorbent, from both within the reactor and via 
the particulate control device, improves the sorbent utiliza 
tion over other semi-dry methods such as SDA. However, 
since the flue gas is to remain several degrees above the wet 
bulb or Saturation temperature, the liquid phase coverage of 
the recycled solids quickly evaporates due to the excellent 
mass transfer and the abundant Surface area available in the 
riser section. 
0006. The venturi section of the CDS reactor acts as a flue 
gas distributor by ensuring that the influent flue gas is uni 
formly disbursed across the cross-section area of the riser, as 
well as maintaining a stable bed fluidization. The use of 
traditional distributor types, such as perforated plates, bubble 
caps, spargers, or conical grids for the conditions involved 
with Flue Gas Desulfurization (FGD) results in plugging 
which, in turn, causes bed instabilities such as Solids drop-out 
(“sifting” or “weeping) or gas laning. Venturi distributors 
allow for a lower operating differential pressure and 
decreased erosion. Conventional CDS reactors utilize either 
single or multiple venturi arrangements, depending on the 
amount of gas to be handled. Most common multiple venturi 
arrangement includes one central Venturi with six circumfer 
entially located venturis. 
0007 Besides the number of venturis, the major differ 
ences between the single and multiple venturi distributor 
designs are the installed height required for uniformly dis 
bursing the influent flue gas prior to the gas entering the CDS 
reactor and the ratio of distributor to bed pressure drop for 
ensuring bed stability. For conventional venturi-type distribu 
tors, multiple venturi designs can reduce distributor height by 
as much as three times as compared to a single venturi design. 
However, the height savings comes at the cost of increased 
Venturi pressure drop required to ensure bed Stability, Such 
that as much as five times greater operating pressure drop can 
be required as compared to single Venturi designs. As the 
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operating costs associated with pressure drop typically 
greatly outweigh capital costs associated with reactor height 
(i.e. reactor and structural Support materials), single venturi 
distributors are often utilized, but without the improved 
height requirements associated with multiple distributors. 
0008 Such conventional distributor systems have gener 
ally been considered satisfactory for their intended purpose. 
However, there is still a need in the art for systems with 
improved pressure drop and height requirements. There also 
remains a need in the art for Such systems and methods that 
are easy to make and use. The present disclosure provides a 
Solution for these problems as well as significant improve 
ments in other criteria that describe a hydrodynamically 
effective CDS system. 

SUMMARY OF THE INVENTION 

0009. A distributor for a circulating dry scrubber reactor 
includes a venturi section with a venturi section wall extend 
ing from a venturi section inlet to a venturi section outlet 
along a longitudinal axis and a hub mounted within the ven 
turi section wall. The venturi section inlet is configured and 
adapted to be connected to an inlet plenum and the Venturi 
section outlet is configured and adapted to be connected to a 
circulating fluidized bed reactor. An annular converging-di 
verging flow path is defined between the venturi section wall 
and the hub for distribution of gas flow from the venturi 
section outlet into a circulating dry scrubber reactor space and 
for maintaining stable bed fluidization. 
10010. In certain embodiments, the distributor can include 
an inlet plenum in fluid communication with the Venturi sec 
tion inlet to Supply a flow of gas to the annular converging 
diverging flow path. The inlet plenum can be substantially 
square in cross-section. It is also contemplated that the dis 
tributor can include at least one “ladder vane mounted inside 
an elbow connecting the inlet plenum to the Venturi section 
wall for directing flow through the elbow to the venturi sec 
tion. For example, there can be multiple ladder Vanes spaced 
apart axially and laterally relative to the longitudinal axis. At 
least one portion of the Venturi section wall can define a 
frustoconical wall that tapers inward toward the hub. The 
frustoconical wall and a corresponding part of the hub can 
define a converging area or the diverging area of the converg 
ing-diverging flow path. Similarly, a portion of the Venturi 
section wall can define a cylindrical wall. The cylindrical wall 
and a corresponding part of the hub can define a diverging 
area of the converging-diverging flow path. 
0011. In another aspect, the hub can include an inlet sec 
tion defining a diverging portion of the flow pathina direction 
from the venturi section inlet to the venturi section outlet. The 
hub can also include an outlet section defining a converging 
portion of the flow path in the direction from the venturi 
section inlet to the venturi section outlet. The hub can also 
include a cylindrical section connecting the inlet and outlet 
sections of the hub. The inlet section of the hub can be sub 
stantially conical and can have a conical angle of about 60° to 
about 90°. The inlet section of the hub can also be substan 
tially hemispherical. Similarly, the outlet section of the hub 
can be substantially conical and can have a conical angle of 
about 40° to about 90°. For example, the conical angle of the 
inlet section of the hub can be 70° and the conical angle of the 
outlet section of the hub can be 60°. The outlet section of the 
hub can be frustoconical and can have a tip portion that 
defines afrustocone truncated about 7% to about 10% short of 
a full cone. A lifting ring can be mounted to the truncated tip 
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portion of the outlet section. The inlet section of the hub can 
have a vertex with an axial position at or below the venturi 
section inlet of the venturi section wall relative to the longi 
tudinal axis. The outlet section of the hub can have an axial 
high point with a common axial position with the Venturi 
section outlet of the venturi section wall relative to the longi 
tudinal axis. In certain embodiments, the hub has a diameter 
of at about 40% to about 90% of the diameter of the venturi 
section wall. For example, the hub can have a diameter of 
about 58% of the diameter of the venturi section wall. It is also 
contemplated that the Venturi section wall can have a length in 
an axial direction with respect to the longitudinal axis that is 
about 70% to about 140% as long as the diameter of the 
Venturi section wall. For example, the hub can have a length 
of about 85% of the length of the venturi section wall. In an 
embodiment, a plurality of Supports can mount the hub to the 
Venturi section wall. In another embodiment, at least one 
support at an end of the hub can mount the hub to the venturi 
section wall. 
0012. A new and useful circulating dry scrubber includes 
a circulating dry scrubber reactor with an inlet for introducing 
flue gas and a reactor space for circulating particles for treat 
ing flue gas within the reactor space. A distributor as 
described above is included, wherein the venturi section out 
let of the distributor is influid communication with the inlet of 
the reactor to Supply flue gas thereto. 
0013 These and other features of the systems and methods 
of the subject disclosure will become more readily apparent 
to those skilled in the art from the following detailed descrip 
tion of the preferred embodiments taken in conjunction with 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 So that those skilled in the art to which the subject 
invention appertains will readily understand how to make and 
use the devices of the subject invention without undue experi 
mentation, preferred embodiments thereof will be described 
in detail herein below with reference to certain figures, 
wherein: 
0015 FIG. 1 is a schematic perspective view of an exem 
plary embodiment of a CDS reactor constructed in accor 
dance with the present invention; 
0016 FIG. 2 is a schematic cut-away perspective view, 
taken at Section 2 of FIG. 1 showing the hub within the 
venturi section of the CDS distributor; 
0017 FIG. 3 is a schematic cross-sectional side elevation 
view of a CDS reactor constructed in accordance with the 
present invention, showing the annular converging-diverging 
flow path through the venturi section: 
0018 FIG. 4 is a schematic perspective view of another 
exemplary embodiment of a CDS reactor constructed in 
accordance with the present invention, showing ladder Vanes 
in an elbow connecting the inlet plenum to the Venturi section; 
0.019 FIG. 5 is a schematic cross-sectional side elevation 
view, taken at Section 5 of FIG. 4, showing alignment of the 
ladder Vanes in an elbow connecting the inlet plenum to the 
Venturi section; 
0020 FIGS. 6a and 6b are schematic perspective views 
two exemplary embodiments of a CDS reactor constructed in 
accordance with the present invention, with FIG. 6a showing 
the upper half of the distributor with a truncated cone and 
lifting ring and FIG. 6b showing the upper half of the dis 
tributor with a truncated cone with a support plate bolted to 
the top; and 
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0021 FIG. 7 is a schematic cross-section side elevation 
view of a distributor constructed in accordance with the 
present invention, showing variation in the shape of the dis 
tributor and the venturi section walls. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0022 Reference will now be made to the drawings 
wherein like reference numerals identify similar structural 
features or aspects of the Subject invention. For purposes of 
explanation and illustration, and not limitation, a partial view 
of an exemplary embodiment of a circulating dry scrubber 
(CDS) system with gas distributor in accordance with the 
disclosure is shown in FIG. 1 and is designated generally by 
reference character 100. Other features of CDS systems and 
gas distributors in accordance with the disclosure, or aspects 
thereof, are provided in FIGS. 2-6, as will be described. The 
systems and methods of the disclosure can be used to uni 
formly distribute flue gas across the cross-sectional area of 
the riser, and maintain a stable bed fluidization in a CDS 
system at a comparatively low system pressure loss. 
0023 The present disclosure includes a system for the 
distributor for a CDS reactor system. In other CFB reactors, 
distributors such as perforated plates, bubble caps, spargers, 
or conical grids are used. The use of these CFB distributor 
types for the conditions involved with Flue Gas Desulfuriza 
tion (FGD) results in plugging which in turn creates bed 
instabilities, such as solids drop-out or gas laning. A venturi 
distributor allows for lower operating pressure differential, 
improved Stability, and decreased erosion due to plugging. 
Multiple venturi designs offer the benefit of a lower installed 
distributor height. However, such multiple venturi designs 
can also result in an even larger required pressure drop to 
ensure bed stability. 
0024. A single venturi is hydrodynamically more stable 
than multiple venturis in parallel because flow in the diffusers 
of the parallel venturis can separate and re-attach, which 
causes a time-varying pressure loss in each venturi, even 
when operating with a pure gas flow with no intermixed 
solids. Adding solids to the flow further increases the ampli 
tude of the time-varying pressure loss. Additionally, a higher 
throat Velocity is needed in the multiple Venturi arrangement 
to Suspend a given amount of Solids withoutbreakthrough as 
compared to a single venturi. A single venturialso has a larger 
hydraulic diameter than a multiple venturi arrangement with 
the same flow area. Thus the jet penetration of the single 
Venturi into the reaction vessel is much greater than that of a 
multiple venturi arrangement. However a high jet penetration 
is undesirable for a core-annulus reactor flow regime and for 
the reaction rates inside the vessel. 
0025. A potential advantage of the disclosed systems and 
methods is that the system retains the low pressure differen 
tial of a single venturi distributor while also maintaining a low 
distributor height requirement due to a radially centered inter 
nal hub in the throat section of the venturi. An annular venturi 
with a hub, mounted within the venturi section wall of the 
throat, and an annular converging-diverging flow path defined 
between the venturi section wall and the hub, has a hydraulic 
diameter comparable to that of a multi-venturi arrangement, 
and thus also has a more favorable reactor flow pattern and a 
shorterjet decay length. Also similar to a multiple venturi, an 
annular venturi has a longer perimeter edge length which is 
better for solids entrainment into the gas flow. Unlike the 
multi-venturi configuration, the annular venturi can be made 
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with no flat surfaces within the reactor to accumulate solids, 
and also behaves as a single venturi in having only one dif 
fuser to reduce/minimize time-varying pressure loss. 
0026. The annular venturi of the present disclosure is 
designed as a two-stage solids entrainment device. Solids run 
down the diffuser cone into the diverging component of the 
venturi distributor, where most of the solids particles are 
entrained. It is the nature of the solids flow to have some 
denser clusters of Solids. With a single-stage Solids entrain 
ment device. Such as traditional single and multiple venturi 
arrangements, any clusters or solids that are introduced into 
the venturi throat need to be completely entrained by the gas 
flow, or they deposit on the inlet plenum floor. This means that 
the gas flow needs to be high enough to entrain the largest 
clusters present in the flow. With a two-stage entrainment 
device, the large clusters impact the top cone of the internal 
hub, which breaks the clusters apart. 
0027. There are several other advantages associated with 

this aspect of the two-stage entrainment device. Firstly, by 
breaking the Solids clusters apart, the entrainment velocity 
required to Suspend the Smaller clusters and individual par 
ticles is much lower. Next, as the solids slide down the upper 
cone of the internal hub, the cone area increases and the Solids 
concentration thus thins out. As a result of this, the clustering 
effect on the second stage is significantly reduced compared 
to the first stage, and again the gas Velocity required for 
entrainment is lower. Another advantage is that breaking the 
clusters up via impact on the top of the hub acts as an attrition 
process that exposes new active Surfaces on the reagent, mak 
ing the reagent utilization better. Lastly, the two-stage 
entrainment of the annular design provides a dispersal 
mechanism for the solids feed system because the dense feed 
from the recycle system feeding unreacted reagent along with 
reactor byproduct into the reactor impacts directly onto the 
hub, and disperses the solids feed into a fine particle disper 
sion that is more easily entrained in the gas flow. This allows 
the recycled solids injection noZZle penetration to be placed 
lower in the tower, also lowering the particulate capture 
device, and reducing system cost and complexity. 
0028. Another significant effect of breaking the cluster 
size down with the two stage entrainment in the annular 
Venturi is that the Solids pressure required for a given gas 
pressure to entrain a given mass flow of Solids is reduced by 
up to about 50% compared to a traditional single venturi. 
Thus at the same gas pressure, the annular venturi injects 
twice the mass flow of solids to get to the same solids pressure 
as a traditional single venturi. Since the solids feed control 
system is based on Solids pressure loss, and the chemical 
reaction rate is tied more closely to Solids mass flow rate and 
bed density, one of two desirable operating options can be 
selected: either the annular venturi can operate at the same 
pressure loss as the single venturi with a significantly higher 
Solids loading and potentially better capture efficiency, or the 
annular venturi can operate with the same capture efficiency 
as the single venturi but with significantly lower pressure loss. 
Any suitably intermediate operation can also be used. 
0029 Referring now to FIG. 1, there is shown an exem 
plary embodiment of the present disclosure for a CDS system 
100. CDS system 100 includes a CDS reactor 130 with an 
inlet 131 for introducing flue gas and a CDS reactor space 132 
for circulating particles for treating flue gas within the reactor 
space 132. The CDS system 100 also includes a distributor 
101 with a venturi section outlet 113 in fluid communication 
with the inlet 131 of the reactor to supply flue gas thereto. 
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0030) Distributor 101 is a single annular venturi-type dis 
tributor, including a throat or venturi section with a venturi 
section wall 111 extending from a venturi section inlet 112 to 
a venturi section outlet 113 along a longitudinal axis 118. A 
cutaway view at Section 2 of FIG. 1 is shown in FIG. 2, where 
a hub 200 is mounted within the venturi section wall 111. An 
inlet plenum 120 is connected to the venturi section inlet 112 
and the circulating dry scrubber reactor 130 is connected to 
the venturi section outlet 113. 

0031. With reference now to FIG. 3, the interior region 
between the venturi section wall 111 and the hub 200 define 
an annular converging-diverging flow path 210 for distribu 
tion of gas flow from the venturi section outlet 113 into the 
space of the CDS reactor 130. In certain embodiments, dis 
tributor 101 includes an inlet plenum 120 in fluid communi 
cation with the venturi section inlet 112 to supply a flow of gas 
to the annular converging-diverging flow path 210. Now 
referring back to FIG. 1, the inlet plenum 120 is substantially 
square in cross-section, transitioning to an inscribed circular 
section at the venturi section inlet 112. This square-to-circle 
transition is beneficial in that it reduces the cross sectional 
area, and accelerates the flow through the corner, which pro 
motes flow attachment and minimizes pressure loss. The fur 
ther contraction of the inlet plenum 120 into the venturi 
section also helps with the good flow distribution, which is 
important for solids entrainment. The inlet plenum 120 can be 
made rectangular, but if it is much wider than it is tall, the 
benefit of accelerating flow through the venturi section inlet 
112 may be diminished, and the velocity profile in the venturi 
section may suffer. 
0032 Referring to FIGS. 2-3, the hub 200 has an inlet 
section 202 diverging in a direction from the Venturi section 
inlet 112 to the venturi section outlet 113, and an outlet 
section 203 converging in a direction from the Venturi section 
inlet 112 to the venturi section outlet 113. A cylindrical sec 
tion 201 connects the inlet section 202 to the outlet section 
203. As shown in FIG. 3, the walls of the venturi section inlet 
112 and the inlet section 202 taper away from the annular 
converging-diverging flow path 210 downward along the lon 
gitudinal axis 118. This allows any solids that are sliding 
down the vertical venturi section wall 111 and the cylindrical 
section of the hub 201, to detach from the walls, and become 
entrained in the gas flow again, which helps with low load 
performance. The hub 200 is supported within the venturi 
section wall 111 by four supports 115. Any suitable number of 
hub supports 115 can be used; however, hub supports 115 
should present minimal obstruction to the flow, and should be 
kept clear of the sharp angle where the hub outlet section 203 
meets the hub cylindrical section 201. The hub can also be 
supported by at least one support at an end of the hub 200, 
mounting the hub 200 to the venturi section wall 111. Inter 
ference in this area has been shown to cause Small amounts of 
Solids drop out, and may be an area of higher erosion. 
0033. As shown in FIGS. 1-3, the inlet section 202 and 
outlet section 203 are conical in shape, with the inlet section 
202 having a conical included angle in the range of about 60° 
to about 90°, and the outlet section 203 having a conical 
included angle of about 40° to 90°. For example, the conical 
angle of the inlet section 202 can be 70° and the conical angle 
of the outlet section 203 can be 60°. As shown in FIG. 3, the 
hub inlet section 202 has a vertex with an axial position at or 
below the venturi section inlet 112 of the venturi section wall 
111 relative to the longitudinal axis 118. With such a configu 
ration, re-entrainment at the Venturi section inlet 112 happens 
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at the highest gas velocity possible. The hub outlet section 
203 has a vertex at a common axial position with the venturi 
section outlet 113 of the venturi section wall 111 relative to 
the longitudinal axis 118. 
0034. The hub 200 has an outer diameter of at least about 
58% the diameter of the inner venturi section wall 111 so that 
solids sliding down the wall of the venturi section outlet 113 
impact on the hub outlet section 203 rather than the vertical 
venturi section wall 111 or hub cylindrical section 201. A hub 
diameter of approximately 40% to 90% of the diameter of the 
venturi section wall 111 provides additional margin. The 
length of the venturi section wall 111 in an axial direction 
with respect to the longitudinal axis 118 is at least about 70% 
to 140% as long as the diameter of the inner venturi section 
wall 111. For example, the hub 200 can have a length of about 
85% of the length of the venturi section wall 111. 
0035) Referring now to FIGS. 4-5, the CDS system 100 
optionally includes at least one ladder vane 140 mounted 
inside an elbow 124 connecting the inlet plenum 120 to the 
venturi section wall 111 for directing flow through the elbow 
124 to the venturi section. Seven ladder Vanes 140 are 
mounted inside the elbow 124 and spaced apart axially and 
laterally relative to the longitudinal axis 118. The ladder 
vanes 140 are oriented parallel to the longitudinal axis 118 
and traverse the inlet plenum 120 laterally help the flow to 
turn upward from the inlet plenum 120 into the venturi sec 
tion, while keeping a good flow distribution entering the 
Venturi section, but do not catch solids like a curved Vane 
would with leading edges parallel to the flow in the inlet 
plenum. The ladder vanes 140 have a pressure face that forms 
jets providing another place for Solids entrainment. The lad 
der vanes 140 are also capable of being erosion resistant by 
virtue of the ash impact angle. However, if erosion is still a 
concern, the ladder Vanes 140 can be fitted with abrasion 
resistant wear plates. The hub inlet section 202 should not 
interfere with the ladder vanes 140. The angle of the hub inlet 
section 202 can be increased to as much as 90° without 
significant effect to eliminate interference with the ladder 
vanes 140, and also reducing weight. The hub inlet section 
202 can also be made into an elliptical section, which may 
reduce pressure loss. 
0036. The back 121 of the inlet plenum 120 is round, 
conforming to the shape of the venturi section inlet 112. This 
has the benefit of a smooth transition into the venturi section 
in the back of the inlet plenum 120. It also has the benefit of 
increasing the gas Velocity along the floor of the inlet plenum 
120 under the last ladder vane 140 to sweep any solids that fall 
through the ladder vanes 140 into the back corner of the inlet 
plenum 120. This enables a very small hopper to be used, 
which keeps the installation height low, and reduces cost. The 
inlet plenum 120 can be designed for a gas Velocity of 
approximately 50 to 60-ft/s, for example. 
0037. The conical included angle of the hub outlet section 
203 is important to maintain at about 40° to 90°, and the angle 
between the cylindrical section 201 and outlet section 203 
should be sharp. Iffabrication of the point of the outlet section 
203 is difficult, the top 7-12% of the cone may be cutoffflat. 
Such a configuration will not result in loss of performance 
since the flow is separated in this area. Now referring to the 
embodiment shown in FIGS. 6a and 6b, the hub outlet section 
203 has a tip portion 213 that defines a frustocone truncated 
about 7-12% short of a full cone. As shown in the embodiment 
in FIG. 6a, there is also a lifting ring 215 mounted to the 
truncated tip portion 213 of the outlet section 203 for use in 
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construction and maintenance of the distributor 101. As 
shown in FIG. 6b, the truncated tip portion 213 can also have 
a support plate 216 bolted thereon to support the hub 201 
within the venturi section wall 111. 
0038. The hub 201 does not require symmetry with the 
encompassing venturi section wall 111. The converging-di 
verging flow path 210 can be defined by sloping both the 
outlet venturi wall 111 along with the hub outlet section 203 
or by sloping the hub outlet section 203 alone. As shown in 
FIGS. 1-6, the venturi section wall 111 defines a frustoconical 
wall starting at approximately the Venturi section inlet 112, 
with the frustoconical wall tapering inward towards the hub 
200. Such that the converging portion of the converging 
diverging flow path 210 is defined. In other embodiments, 
such as shown in FIG. 7, the venturi section wall 111 defines 
a frustoconical wall starting at approximately the Venturi 
section outlet 113, with the frustoconical wall tapering 
inward towards the midsection of the hub 200, such that the 
diverging portion of the converging-diverging flow path 210 
is defined. In other embodiments, a portion of the venturi 
section wall 111 defines a cylindrical wall, where the cylin 
drical wall and corresponding portions of the hub define the 
converging-diverging flow path 210. Similar to the venturi 
wall having various shapes, the portions of the hub can have 
various shapes. In addition to the inlet and outlet section 
forming cones, the hub inlet section 202 can be hemispherical 
or concavely tapered conical. The hub outlet section 203 can 
be frustoconical or convexly tapered conical. 
0039. The hub 200 can be made to be easily removed and 
replaced, to enable the unit to be operated at gas flows higher 
or lower than designed at minimal cost. Additionally, the 
configuration of the inlet plenum 120 is intended to be easily 
adaptable to new or existing plant ductwork, with reasonable 
gas velocity profiles. The ladder vanes 140 and continual 
contraction into the venturi section will help to smooth poor 
velocity profiles, while effectively maintaining a bed of sol 
ids. 
0040. The systems of the present invention, as described 
above and shown in the drawings, provide for an annular 
single venturi-type distributor for a CDS reactor with superior 
properties including a reduced height requirement and a low 
pressure differential. While the apparatus and methods of the 
subject invention have been shown and described with refer 
ence to preferred embodiments, those skilled in the art will 
readily appreciate that changes and/or modifications may be 
made thereto without departing from the spirit and scope of 
the subject invention. 

1. A distributor for a circulating dry scrubber reactor com 
prising: 

a venturi section including a venturi section wall extending 
from a venturi section inlet to a venturi section outlet 
along a longitudinal axis, wherein the Venturi section 
outlet is configured and adapted to be connected to a 
circulating dry scrubber reactor, 

a hub mounted within the venturi section wall with an 
annular converging-diverging flow path defined 
between the venturi section wall and the hub for distri 
bution of gas flow from the venturi section outlet into a 
circulating dry scrubber reactor space and for maintain 
ing stable bed fluidization: 

an inlet plenum connected upstream of the Venturi section 
inlet to Supply a flow of gas to the annular converging 
diverging flow path, wherein the inlet plenum includes 
an elbow section; and 
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at least one ladder vane mounted inside the elbow section, 
wherein the at least one ladder vane and the elbow sec 
tion are configured to turn a flow of gas from the inlet 
plenum toward the venturi section inlet. 

2. (canceled) 
3. A distributor as recited in claim 1, wherein at least one 

portion of the venturi section wall defines a frustoconical wall 
and the frustoconical wall tapers inward toward the hub. 

4. A distributor as recited in claim 3, wherein the frusto 
conical wall and a corresponding part of the hub define a 
converging area of the converging-diverging flow path. 

5. A distributor as recited in claim 3, wherein the frusto 
conical wall and a corresponding part of the hub define a 
diverging area of the converging-diverging flow path. 

6. A distributor as recited in claim 1, wherein a portion of 
the venturi section wall defines a cylindrical wall. 

7. A distributor as recited in claim 6, wherein the cylindri 
cal wall and a corresponding part of the hub define a diverging 
area of the converging-diverging flow path. 

8. A distributor as recited in claim 1, wherein the hub 
includes an inlet section that defines a converging portion of 
the flow path in a direction from the venturi section inlet to the 
venturi section outlet, and wherein the hub includes an outlet 
section that defines a diverging portion of the flow path in the 
direction from the venturi section inlet to the venturi section 
outlet. 

9. A distributor as recited in claim 8, wherein the inlet 
section of the hub is substantially conical. 

10. A distributor as recited in claim 9, wherein the inlet 
section cone has a conical angle of about 60° to about 90°. 

11. A distributor as recited in claim 8, wherein the outlet 
section of the hub is substantially conical. 

12. A distributor as recited in claim 11, wherein the outlet 
section cone has a conical angle of about 40° to about 90°. 

13. A distributor as recited in claim 8, wherein the inlet 
section of the hub is substantially hemispherical. 

14. A distributor as recited in claim 8, wherein the outlet 
section of the hub is frustoconical. 

15. A distributor as recited in claim 11, wherein a tip 
portion of the outlet section cone defines a frustocone trun 
cated about 7% to about 12% short of a full cone. 

16. A distributor as recited in claim 14, wherein a lifting 
ring is mounted to the truncated tip portion of the hub outlet 
section. 

17. A distributor as recited in claim 8, wherein the hub 
includes a cylindrical section connecting the inlet and outlet 
sections of the hub. 

18. A distributor as recited in claim 8, wherein the inlet 
section of the hub has a vertex with an axial position at or 
below the venturi section inlet of the venturi section wall 
relative to the longitudinal axis. 

19. A distributor as recited in claim 8, wherein the outlet 
section of the hub has a high axial point at a common axial 
position with the venturi section outlet of the venturi section 
wall relative to the longitudinal axis. 
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20. A distributor as recited in claim 1, wherein the hub has 
a diameter of at least about 58% that of the venturi section 
wall. 

21. A distributor as recited in claim 1, wherein the hub has 
a diameter of about 40% to about 90% of that of the venturi 
section wall. 

22. A distributor as recited in claim 1, wherein the venturi 
section wall has a diameter and a length in an axial direction 
with respect to the longitudinal axis, wherein the length of the 
venturi section wall is at least about 70% to about 140% as 
long as the diameter of the cylindrical wall. 

23. A distributor as recited in claim 1, further comprising a 
plurality of Supports, each mounting the hub to the Venturi 
section wall. 

24. A distributor as recited in claim 1, further comprising at 
least one Support at an end of the hub, mounting the hub to the 
venturi section wall. 

25. A circulating dry scrubber comprising: 
a circulating dry scrubber reactor with an inlet for intro 

ducing flue gas and a reactor space for circulating par 
ticles for treating flue gas within the reactor space; and 

a distributor as recited in claim 1, wherein the venturi 
section outlet of the distributor is in fluid communica 
tion with the inlet of the reactor to supply flue gas 
thereto. 

26. A distributor for a circulating dry scrubber reactor 
comprising: 

a venturi section including a venturi section wall extending 
from a venturi section inlet to a venturi section outlet 
along a longitudinal axis, wherein the Venturi section 
outlet is configured and adapted to be connected to a 
circulating dry scrubber reactor, 

a hub mounted within the venturi section wall with an 
annular converging-diverging flow path defined 
between the venturi section wall and the hub for distri 
bution of gas flow from the venturi section outlet into a 
circulating dry scrubber reactor space and for maintain 
ing stable bed fluidization, wherein the hub includes an 
outlet section that defines a diverging portion of the flow 
path in the direction from the venturi section inlet to the 
venturi section outlet, wherein at least a portion of the 
outlet section of the hub is below the venturi section 
outlet of the venturi section wall relative to the longitu 
dinal axis; 

an inlet plenum connected upstream of the Venturi section 
inlet to Supply a flow of gas to the annular converging 
diverging flow path, wherein the inlet plenum includes 
an elbow section; and 

at least one ladder vane mounted inside the elbow section, 
wherein the at least one ladder vane and the elbow sec 
tion are configured to turn a flow of gas from the inlet 
plenum toward the venturi section inlet. 
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