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I [57] ABSTRACT 

A venturi-type device comprises a ?uid flow passage 
containing in the direction of fluid ?ow, an upstream 
section of progressively reducing cross-section, a ven 
turithroat section, and a downstream section of pro 
gressively increasing cross-section. The necessary 
changes in cross-section are produced by a plurality of 
physical barriers disposed in the passage and spaced 
from each other transverse to the direction of ?ow of 
the ?uid, the changes in cross-section being caused by 
differences in length of the barriers. The barriers may 
be substantially ?at parallel plates disposed longitudi 
nally of the direction of the flow. The surfaces of the 
barriers may be coated with liquid or solid material. In 
an exchange device the barriers may be hollow to 
form other passageways for the ?ow of a second ?uid 
through the device in exchange relation with the first 
?uid passing between the barriers. 

35 Claims, 13 Drawing Figures 
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1 
VENTURI-TYPE DEVICES 

CROSS-REFERENCE TO RELATED APPLICATION 
The present application is a continuation-in-part of 

my application Ser. No. 317,898, ?led Dec. 26, 1972, 
now abandoned. 

FIELD OF THE INVENTION 

The present invention is concerned with improve 
ments in venturi-type devices, and in apparatus incor 
porating such devices, such as gas cleaners, dissolvers, 
reactors, and heat exchangers. 

REVIEW OF THE PRIOR ART 

Venturi devices comprise a duct or pipe providing a ' 
?uid flow passageway that'decreases progressively in 
cross-sectional area in an “upstream section” to a mini 
mum at a “throat section," and then increases progres 
sively again in a “downstream section.” Fluid forced 
through the venturi device has its ?ow velocity in 
creased progressively in the upstream section to reach 
a maximum at the throat, the velocity decreasing again 
in the downstream section, usually accompanied by a 
considerable turbulence of the ?uid in the downstream 
section and in the duct- or pipe-work fed from the de 
vice. The passage of ?uid through the device is accom 
panied by a pressure drop therein, the value of which 
is proportional to the amount of energy or power re 
quired to pass the ?uid therethrough. It is usually one 
of the main endeavours of designers of these devices to 
keep this pressure drop as low as possible, so that the 
device and the apparatus in which it is incorporated 

' will operate at maximum efficiency and minimum ex 
ternal power requirements. 

In a typical gas scrubbing device a gas cleaning liq 
uid, usually water, is injected into the gas stream at or 
very close the entrance to the venturi throat, where it 
is immediately atomised by the high-velocity gas stream 
into a mist or spray having a high probability of physi 
cal contact with solid material to be cleaned from the 
stream; this high probability results chie?y from the dif 
ference in velocity between the slower moving mist 
droplets and the faster moving gas-borne particles. This 
high contact probability is also enhanced by the above 
mentioned turbulence in the gas downstream of the 
throat. 

DEFINITION OF THE INVENTION 

It is an object of the present invention to provide a 
new device classifiable as being of venturi type. 

In accordance with the present invention there is pro 
vided a device of venturi type comprising a passage 
member providing a passage for the flow of ?uid 
therein in a predetermined direction, the passage hav 
ing in the direction of ?ow of ?uid in the passage and 
in the stated order an upstream section, a throat section 
and a downstream section, the ?ow cross-sectional area 
of the passage in the upstream section decreasing pro 
gressively toward the throat section, and the ?ow cross 
sectional area in the downstream section increasing 
progressively away fromthe throat section, wherein at 
least one of said upstream and downstream sections 
comprises a plurality of physical barriers disposed in 
the passage, which barriers are spaced from each other 
transverse to said direction of flow and decrease the 
?ow cross-sectional area of the part of the passage in 
which they are located, the said change of ?ow cross 
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sectional area being caused by differences in the said 
direction of ?ow of the physical lengths of the barriers 
in the corresponding section. 

DESCRIPTION OF ~TI'IE DRAWINGS 

Particular preferred embodiments of the invention 
will now be described, by way of example, with refer 
ence to the accompanying diagrammatic drawings 
wherein: 
FIG. 1 is a section through a gas cleaning apparatus 

in accordance with the invention and incorporating 
venturi-type devices of the invention wherein the said 
physical barriers are constituted by longitudinally 
disposed laminae, 
FIG. 2 is a cross section taken on the line 2-2 of 

FIG. 1, and drawn to a larger scale, 
FIG. 3 is a longitudinal cross section through some 

laminae constituting the physical barriers of the device 
of FIG. 1, drawn to a larger scale, in order to show de 
tail of construction thereof, 
FIG. 4 is a side elevation of a laminae to show an 

other constructional feature thereof, 
FIG. 5 is a diagrammatic longitudinal cross section to 

a much enlarged scale to explain the operation of the 
embodiment of the invention illustrated by FIGS. 1 to 
4, 

FIG. 6 is a longitudinal cross section through another 
device in accordance with the invention, 

FIG. 7 is a section taken on the line 7—7 of FIG. 6, 
FIG. 8 is a longitudinal cross section through a heat 

exchange device in accordance with the invention, 
FIG. 9 is a longitudinal cross section through a fur 

ther device in accordance with the invention, 
FIG. 10 is an exploded view of the device of FIG. 9 

to show the structure thereof, 
FIG. 11 is a longitudinal cross section through a yet 

further device in accordance with the invention, 
wherein the physical barriers are constituted by trans 
versely disposed perforated sheets, 
FIG. 12 is a longitudinal cross section through a still 

further device in accordance with the invention, 
wherein the physical barriers are constituted by a com 
bination of longitudinally-disposed laminae and trans 
versely disposed perforated sheets, and 
FIG. 13 is a perspective view of some laminae consti 

tuting the physical barriers of the device of FIG. 1, 
drawn to a larger scale, to show the use of mesh sheets 
for this purpose. 

In all of the ?gures of the drawings the relative scales 
of different parts and their spacing etc. are changed 
and/or exaggerated as necessary for clear illustration of 
the invention, and they may not therefore be sealed in 
any way. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An air-cleaning apparatus as illustrated by FIG. 1 is 
especially suited for the removal of particles such as 
dust and fume from gases, e.g. furnace exhaust gases. 
It may also be employed for the selective removal of 
one or more gases from other gases, e.g. by selective 
solutionyadsorption, absorption or chemical reaction. 
The gas to be cleaned is drawn by a fan 10 through a 
primary coarse venturi-type separator I1 and a secon 
dary ?ne venturi-type separator 12 before being dis 
charged to atmosphere via an outlet 13. Both separa 
tors are disposed over a common water tank 14 which 
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is supplied with water from a pipe 15 via a level-control 
valve 16. The level of the water in the tank is indicated 
by 17, and is maintained above the lower edges of the 
partitions 18 and 19, so as to isolate the separators 
from one another, and to force the air to pass between 
them only via the connecting pipe 20. Water is drawn 
from the tank by a pump 21 and passed by a pipe 22 
to nozzles 23 and 24 which spray the water onto their 
respective separators. The water draining from the sep 
arators is collected in the tank, the suspended solid ma 
terial settling to the bottom in the form of a sludge and 
being removed therefrom as required via a valve 25. 
Referring now especially to FIG. 2, in conjunction 

with FIG. 1, the duct or pipe 26 of the primary separa 
tor is illustrated as of square internal cross-section. A 
plurality of physical barriers constituted by uniformly 
spaced thin ?at parallel plates are disposed within the 
gas flow passageway formed by the pipe with their 
larger faces parallel to the respective sides of the pipe, 
forming a corresponding plurality of narrow, uniform 
width, parallel-sided straight passageways. As indicated 
above, the spacing and number of plates shown in the 
drawing as constituting the venturi-type device 11 is 
merely for clarity of illustration, and does not necessar 
ily correspond to the parameters for an actual device, 
which will be discussed below. 
Thus, the device is illustrated as comprising three 

parallel longest plates 27 equally spaced from one an 
other and from the adjacent parallel walls of the pipe. 
Four shorter plates 28 are each disposed between two 
immediately adjacent plates 27, or between a plates 27 
and the adjacent pipe wall, with its leading and trailing 
edges substantially equally spaced from the respective 
edges of the plates 27. Eight still shorter plates 29 are 
disposed in the spaces between the plates 27 and 28 
and the pipe walls. In this embodiment the upper and 
lower edges of each plates are equally spaced from the 
respective edges of the immediately adjacent longer 
plates . 

It will be seen that the gas entering the device tra 
verses a flow passageway that decreases progressively 
in cross-sectional area in an “upstream section" en 
compassing the leading ends of the plates 27 and 28 
that extend beyond the shortest plates 29, until a mini 
mum is reached at the passageways bounded by the 
shortest plates, constituting the “throat section” of the 
device. The cross-sectional area of the passageway then 
increases progressively in a “downstream section,” en 
compassing the trailing ends of the plates 27 and 28 
that extend beyond the plates 29, until a maximum is 
reached where the longest plates 27 terminate. 

Similarly, the secondary venturi separator is illus 
trated as comprising laminae all plates 27, 28 and 29, 
and in addition plates 30 which are shorter in length 
than the plates 29 and are disposed with their leading 
and trailing edges equally spaced from the correspond 
ing edges of the plates 29. Because of the addition of 
the plates 30 the final spacing between immediately ad 
jacent plates is smaller than in the primary separator, 
and the secondary separator is effective with ?ner par 
ticles. It will be noted that the shortest plates 30 of the 
secondary separator are considerably longer than the 
shortest plates 29 of the primary separator to give 
longer passages in which the scrubbing liquid from the 
nozzles 24 is effective. 

It is found with a venturi-type device in accordance 
with the invention that substantially less pressure drop 

4 
is obtained across the device compared to a conven 
tional high energy venturi scrubber of the same flow 
rate capacity, the particle collection efficiency of the 
venturi-type device in accordance with the invention 
being substantially higher.‘ ' 

In its most elementary form a venturi-type device of 
1 this aspect of the invention can have the necessary 

20 

25 

30 

35 

45 

55 

65 

physical barriers constituted by a single set of plates 
disposed in the passageway, the plates being of progres 
sively different lengths with their leading and trailing 
edges so disposed that the plates form the required up 
stream, throat and downstream sections. In the‘em 
bodiment illustrated the progressive increase and de 
crease are of substantially the same rate, but in other 
embodiments this need not be the case, the different 
rates being achieved by corresponding location of the 
leading and trailing edges of the plates. 

It is possible also to profile the leading and/or the 
trailing edges of the plates, for example, as illustrated 
by FIG. 4 for the plates leading edges, so as to obtain 
a further decrease of pressure drop by sharpening these 
edges. 

In the case of a device such as that illustrated by 
FIGS. 1 to 4, wherein a liquid is sprayed into the de 
vice, it is found that a layer of the liquid adheres to the 
leading edges to effectively “profile” those edges. 
These layers can also protect the edges against erosion 
by mechanical particles entrained in the gas stream. 
provided those particles are below a certain minimum 
size, e.g. about 50 micrometers in the embodiment il 
lustrated. In applications in which the gas to be cleaned 
includes a substantial guantity of particles above the 
corresponding preferred minimum size, it may be pre 
ferred to provide a coarser scrubbing device ahead of 
the device of the invention, e.g. a simple open chamber 
in which the gas is passed through a liquid spray. Other 
forms of such coarser scrubbing devices will be appar 
ent to those skilled in the particular art. 

In the preferred embodiments illustrated herein the 
device is formed by thin ?at plates spaced accurately 
from one another to provide passageways of corre 
sponding width by narrow longitudinal spacing ele 
ments 31, and the ease and simplicity of manufacturing 
by such an arrangement will be apparent. It is also pos 
sible for the device to be formed by spaced plates that 
are not ?at, e.g. curved in the directions transverse to 
the direction of gas flow and/or curved in the directions 
parallel to the gas flow. An extreme example of a de 
vice with plates curved transverse to the gas flow con 
sists of a plurality of spaced concentric cylinders, as il 
lustrated in FIGS. 6 and 7. 
The apparatus illustrated by FIG. 8 is a heat ex 

change device where one ?uid may not come in contact 
with the other ?uid. In such a device at least the plates 
29 immediately bounding the throat are hollow and 
constitute a ?ow passage for the second fluid, these 
hollow plates communicating with headers 33 provided 
with inlets and outlets that are not shown. Other forms 
of exchange between two ?uids may also be effected by 
the device of the invention and, for example, the walls 
of the hollow plates may be permeable. 
Many of these devices will be fed with a spray of liq 

uid as a gas cleaning and/or cooling agent from the re 
spective nozzle 23 or 24, the nozzles being arranged to 
provide. as uniform a spray as possible over the cross 
sectional area. The liquid runs down the surfaces of the 
physical barriers to provide thin ?lms 32 (FIG. 5) 
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thereon, which are contacted by the dust-laden air and 
wet and remove the dust therefrom. The resulting vdust 
laden liquid drips from the lower trailing edges of the 
barriers, and in the case of laminae barriers these edges 
may be toothed or otherwise formed, as illustrated for 
example by FIG. 4, to promote the formation of large 
drops which fall into the reservoir. It is found however 
that the devices of the invention are particularly ef? 
cient at coalescing ?ne vapours of the spray into drop 
lets of sufficient size not to remain entrained in the gas 
stream. ' 

It is found that for efficient operation as a gas cleaner 
or the like the transverse spacing between each imme-. 
diately adjacent pair of plates in the throat section 

- should be closely correlated with the maximum size of 
particle that is to be removed by the device. In particu 
lar this spacing preferably is from 5 to 15 times the said 
maximum size, and more speci?cally is about 10 times. 
The length of the throat section also is correlated 

with the particle size and should increase with decrease 
of particle size, owing to the greater difficulty usually 
experienced in separation with decrease of particle 
size. It is also preferred that in the upstream and down 
stream sections the ratio of length thereof to width per 
pendicular to the plane of the plates should be not less 
than about 3:1 in order to give a suf?ciently uniform 
distribution of velocity and ?ow. 

It is believed that with these preferred spacings the 
gas flow between the plates is in the form of two back 
to-back turbulent boundary layers, as illustrated by 
FIG. 5, between the two immediately-adjacent liquid 
?lms, giving a very high probability that the particles 
will be trapped by the liquid films and removed from 
the air stream. The liquid can be provided with a sur 
face tension reducing agent to increase its capture effi 
ciency. 
As indicated above, the spacing between the plates is 

correlated with the maximum size of particle to be han 
dled by the device, and will therefore decrease for 
smaller particles. As illustrated by FIG. 3, the surface 
of each Plates, at least adjacent the leading edge 
thereof, may be provided with transverse ridges or cor 
rugations to promote the capture of the particles, al 
though this will result in an increase in pressure drop 
through the device. 
As a specific example of the results obtained a device 

in accordance with this aspect of the invention was 
constructed with a minimum spacing of about 0.016 
inch between the laminae of the throat section to give 
a velocity ratio of 2:1. The longest laminae were 30 
inches in length, while the shortest laminae were 6 
inches long. The air velocity at the intake was 1600 feet 
per minute, and the pressure drop measured across the 
device by a manometer was 8.5 inches water gauge. 
This device was able to remove cigar smoke fume 
(comprising particles in the sub-micron to colloidal size 
range) from an air stream to the extent that the exhaust 
from the device was not visible. A conventional known 
venturi scrubber to operate with particles of this size 
cannot give the same efficiency of particle removal, 
since the air velocities become excessive. For example, 
it has been reported that to give a comparable cleaning 
efficiency of non-visible exhaust with sub-micron fume 
particles requires an air velocity of over 30,000 feet per 
minute in the throat, such a device operating with a 
pressure drop of over 60 inches water gauge. More 
over, the device of the invention does not require a 
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centrifugally-operated mist-removal chamber that may 
always 'be provided for such known venturi scrubbers 
in order to deposit the water with its entrained solid 
material. _ 

~ The construction. of a device using plates physical 
barriers involves the assembly of a large number of thin 
sheets of different sizes in correct order and such an 
operation is very susceptible to error, even with a care 
ful assembler, resulting in a device plates incorrect 
characteristics and reduced efficiency. The assembly 
operation can be simplified and such errors avoided by 
means of the construction illustrated by FIGS. 9 and 
10. The pipe constituting the ?uid ?ow passage is sub 
divided into a plurality of units, each of which is pre 
assembled with plates portions all of the same length. 
Thus the throat portion is constituted by a correspond 
ing pipe segment 26d containing all of the plates 30 to 
‘gether with the central portions of the longer plates 29, 
28 and 27. At each end of the throat section there are 
mounted respective pipe segments 26c and 26e in regis 
try with the segment 26a and containing the end parts 
of the plates 29 together with the corresponding parts 
of the plate 27 and 28. Similarly, pipe segments 26b 
and 26fcontain the end sections of plates 28 and corre 
sponding parts of the plates 27, while pipe segments 
26a and 26g contain only the end sections of the lami 
nae 27. In constructions in which very close spacing is 
required between the plates the segments may be dis 
posed, as illustrated, so that the plates segments in suc 
cessive pipe segments are transverse to one another, 
preferably at right angles to one another. 

It is not essential for the laminae to be continuous 
surfaces, and instead perforated plates can be em 
ployed provided the size of the perforations is made 
such that the surface performs with the liquid used as 

_ if it were a continuous surface. Thus, the surface en 
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ergy of the liquid will ensure that it will form a continu 
ous ?lm'over a perforated surface when the perfora 
tions are of sufficiently small size. The perforated 
plates can for example be formed of wire or plastic 
mesh, preferably a woven mesh, as illustrated by FIG. 
13, and a useful reduction in weight of material 
achieved by such use. A woven mesh has the additional 
advantage that it will provide what is effectively a 
ridged or undulated surface transverse to the direction 
of fluid flow and the advantage of such a construction 
was explained above in relation to FIG. 3. By way of il 
lustration in the embodiment of FIG. 10 only the lami 
nae of the segments 26a are shown as perforated, but 
it will be understood that any or all of the other seg 
ments can be similarly constructed. 
With such a construction the segments can be preas 

sembled with no chance of error since all laminae seg 
ments in each pipe segment are of the same length. 
Moreover each segment can itself be formed of one or 
more units or modules each of standard length in the 
direction of flow. For example, if each unit is of length 
n inches then a throat section of any length xn can eas 
ily be assembled by aligning and fastening end to end 
x number of pre-assembled units. The lengths of the up 
stream and downstream portions can also be deter 
mined in the same manner. It may also be necessary to 
dispose each unit transverse to the immediately preced 
ing and succeeding unit to avoid obstruction of the 
channels in the units. 
The device illustrated by FIG. 11 employs a different 

form of physical barrier to provide the upstream throat 
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and downstream sections, namely a plurality of perfo 
rated screens disposed transverse to the direction of 
flow of the fluid in the passageway. Thus, the pipe seg 
ments 26a and 26g contain a number of transverse per 
forated sheets juxtaposed closely against one another, 
the spacing of immediately successive barriers in the 
direction of flow being such that substantially continu 
ous ?lms of liquid can form parallel to the direction of 
?uid flow under the action of the liquid surface energy, 
as explained above in connection with the use of perfo 
rated laminae. These sheets of the segments 26a and 
26g are the most coarsely perforated, so that they pro 
vide the least reduction in flow cross-sectional area of 
the passage. The pipe segments 26b and 26fcontain an 
other two groups of juxtaposed sheets-that are more 
?nely perforated than the sheets 26a and 26g so that 
they provide a greater reduction of flow cross-sectional 
area. Similarly, the sheets of segments 26c and 26e are 
more finely perforated than those of 26b and 26f re 
spectively, while the pipe segment 26d contains sheets 
of the finest perforation and greatest ?ow cross 
sectional area reduction to constitute the throat sec 
tion. ' 

As with the other described embodiments fewer or 
more segments may be employed ahead of and after the 
throat section to provide the required progressive 
changes effective in ?ow cross-sectional area, each seg 
ment containing a sheet or sheets of a different degree 
of perforation. The number of segments in the up 
stream and downstream sections can be quite different 
from one another. Preferably the size of perforation in 
the throat section is about twice the maximum particle 
size to be handled by the device. In a specific embodi 
ment of a device intended to operate with particle size 
20 ,um and smaller the sheets of section 26d comprise 
wire mesh screens of openings 40 ,um square, those of 
sections 260 and 26e are of mesh screens of 80 um 
openings, those of sections 26b and 26f are mesh 
screens of 160 um openings, and those of sections 26a 
and 26g are mesh screens of openings 320 am. 

In the embodiment of FIG. 12 both types of physical 
barrier are employed, the throat section being consti 
tuted by transverse perforated sheets, while the up 
stream and downstream sections are constituted by lon 
gitudinally disposed ?at parallel plates. 
The invention has been particularly described as ap 

plied to a gas cleaning device, but is applicable to all 
cases in which a venturi-type device must be provided. 
Other specific examples of uses for the device of the in 
vention are as follows: 

a. A gas reaction device in which the gas passing 
through the apparatus is brought into intimate contact 
with a chemical flowing over the surfaces of the physi 
cal barriers. 

b. A gas reaction device in which the gas is brought 
into intimate contact with a solid material, such as a 
catalytic material, coated on the surfaces of the physi 
cal barriers. 

c. A gas reaction device in which two or more sepa 
rate gases are fed simultaneously to the device and are 
mixed therein, either alone or in combination with a 
solid or liquid material on the surfaces of the physical 
barriers. 

d. A gas velocity and/or flow measuring device in 
which a low-ratio throat is employed and a suitable 
pressure detecting meter is located in the throat, such 
a device operating with a low overall pressure drop. 
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8 
e. A’ heat exchange device as illustrated in FIG. 8. 

i I claim: 

1. A device of venturi type comprising a passage 
member providing a passage for the ?ow of fluid 
therein in a-predetermined direction, the passage hav 
ing in the direction of flow of ?uid in the passage and 
in the stated order an upstream section, a throat section 
and a downstream section, the flow cross-sectional area 
of the passage in the upstream section decreasing pro 
gressively toward the throat section, and the ?ow cross 
sectional area in the downstream section increasing 
progressively away from the throat section, wherein a‘. 
least one of said upstream and downstream sections 
comprises a plurality of physical barriers disposed in 
the passage, which barriers are spaced from each other 
transverse to said direction of flow and decrease the 
flow cross-sectional area of the part of the passage in 
which they are located, the said change of ?ow cross 
sectional area being caused by differences in the said 
direction of flow of the physical lengths of the barriers 
in the corresponding section. 

2. A device as claimed in claim 1, wherein both of the 
upstream and downstream sections comprise parallel 
physical barriers of different physical length. 

3. A device as claimed in claim 2 wherein the physi 
cal barriers in both of the upstream and downstream 
sections comprise a plurality of spaced parallel plates. 

4. A device as claimed in claim 3, and for passage of 
gas flow having solid material entrained therein. 
wherein the minimum spacing between immediately 
adjacent plates of said upstream and downstream plates 
is from 5 to 15 times the size of the largest particles of 
solid material to be handled by the device. 

5. A device as claimed in claim 2, and for passage of 
gas flow having solid material entrained therein. 
wherein the minimum spacing between immediately 
adjacent physical barriers is from 5 to 15 times the size 
of the largest particles of solid material to be handled 
by the device. 

6. A device as claimed in claim 2, and comprising a 
fluid reaction or contacting device, including means for 
supplying a liquid to the physical barriers to coat the 
surfaces thereof. 

7. A device as claimed in claim 2, and comprising a 
fluid reaction or contacting device, wherein surfaces of 
the physical barriers are coated with a solid material to 
be contacted by the fluid. 

8. A device as claimed in claim 1, wherein the physi 
cal barriers in either of the upstream or the down 
stream sections comprise a plurality of spaced parallel 
plates. 

9. A device as claimed in claim 1, wherein the said 
throat section comprises a plurality of spaced parallel 
physical barriers all of the same physical length in the 
said direction of flow. 

10. A device as claimed in claim 9, wherein the 
throat section comprises a plurality of spaced parallel 
plates. 

11. A device as claimed in claim 10, and for passage 
of gas flow having solid material entrained therein. 
wherein the minimum spacing between immediately 
adjacent plates of said throat plates is from 5 to 15 
times the size of the largest particles of solid material 
to be handled by the device. 

12. A device as claimed in claim 9, wherein the 
throat section comprises a plurality of section segments 
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with the physical barrier segments in each section seg 
ment all of the same physical length. ' 

13. A device as claimed in claim 9, and comprising 
a ?uid reaction or contacting device, including means 
for supplying a liquid to the physical barriers to coat 
the surfaces thereof. . ‘ 

14. A device as claimed in claim 9, and comprising 
a ?uid reaction or contacting device, wherein surfaces 
of the physical barriers are coated with a solid material 
to be contacted by the ?uid. 

15. A device as claimed in claim 9, wherein at least 
some of the barriers of the throat section are hollow 
and constitute ?ow passages for a second ?uid to be in 
heat exchange relation with the ?rst-mentioned fluid 
passing between the barriers. 

16. A device as claimed in claim 9, wherein the 
throat section comprises a plurality of spaced parallel 
mesh plates. 

17. A device as claimed in claim 1, wherein all of the 
said sections comprise parallel physical barriers that 
extend in the same direction of ?ow, the barriers of the 
upstream section being of different physical length, the 
barriers of the throat section being of the same physical 
length and the barriers of the downstream section being 
of different physical length. 

18. A device as claimed in claim 17, wherein the bar 
riers of the upstream and throat sections are consti 
tuted by ?at parallel plates extending between the two 
sections. 

19. A device as claimed in claim 17, wherein the bar 
riers of the downstream and throat sections are consti 
tuted by ?at parallel plates extending between the two 
sections. 

20. A device as claimed in claim 17, wherein‘ the bar 
riers of the upstream, throat and downstream sections 
are constituted by ?at parallel plates extending be 
tween the three sections. 

21. A device as claimed in claim 20, wherein the bar 
riers of the upstream, throat and downstream sections 
are constituted by spaced parallel mesh plates extend 
ing between the three sections. 

22. A device as claimed in claim 17, wherein all of 
said barriers comprise spaced parallel plates. 

23. A device as claimed in claim 19, and for passage 
of gas ?ow having solid material entrained therein, 
wherein the minimum spacing between immediately 
adjacent plates of all of said upstream, downstream and 
throat plates is from 5 to 15 times the size of the largest 
particles of solid material to be handled by the device. 

24. A device as claimed in claim 17, and comprising 
a ?uid reaction or contacting device, including means 
for supplying a liquid to the physical barriers to coat 
the surfaces thereof. 

25. A device as claimed in claim 17, and comprising 
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10 
a ?uid reaction or contacting device, wherein surfaces 
of the physical barriers are coated with a solid material 
to be contacted by the ?uid. 

26. A device’ as claimed in claim 1, wherein the up 
stream section comprises a plurality of parallel barriers 
of different physical lengths, said upstream section 
comprising a plurality of section segments with the 
physical barrier segments in each section segment all of 
the same physical length. 

27. A device as claimed in claim 1, wherein the 
downstream section comprises a plurality of parallel 
barriers of different physical lengths, said downstream 
section comprising a plurality of section segments with 
the physical barrier segments in each section segment 
all of the same physical length. 

28. A device as claimed in claim 1, wherein the up 
stream and downstream sections each comprise a plu 
rality of parallel barriers of different physical lengths, 
each said upstream and downstream section compris 
ing a plurality of section segments with the physical 
barriersegments in each section segment all of the 
same physical length. 

29. A device as claimed in claim 1, wherein the up 
stream and downstream sections each comprise a plu 
rality of parallel barriers of different physical lengths, 
and the throat section comprises a plurality of parallel 
barriers of the same physical length, each section com 
prising a plurality of section segments with the physical 
barrier segments in each section segment all of the 
same physical length. 

30. A device as claimed in claim 29, wherein each 
barrier of each of the said section segments comprises 
a mesh plate. 

31. A device as claimed in claim 1, and for passage 
of gas ?ow having solid material entrained therein, 
wherein the minimum spacing between immediately 
adjacent physical barriers is from 5 to 15 times the size 
of the largest particles of solid material to be handled 
by the device. 

32. A device as claimed in claim 31, wherein the said 
minimum spacing is about 10 times the said size of the 
largest particle. 

33. A device as claimed in claim 1, and comprising 
a ?uid reaction or contacting device, including means 
for supplying a liquid to the physical barriers to coat 
the surfaces thereof. 

34. A device as claimed in claim 1, and comprising 
a ?uid reaction or contacting device, wherein surfaces 
of the physical barriers are coated with a solid material 
to be contacted by the ?uid. 

35. A device as claimed in claim 1, wherein the said 
physical barriers are constituted by spaced parallel 
mesh plates. 

*. a: * * >|< 
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