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THROAT AND CONE GAS INJECTOR AND GAS 

DISTRIBUTION GRID FOR SLURRY REACTOR . 

BACKGROUND OF THE DISCLOSURE 

Field of the Invention 

The invention relates to a throat and cone gas injector and a gas distribution grid 

containing same. More particularly, the invention relates to a throat and cone gas 

injector and to a gas distribution grid containing a plurality of these injectors useful for 

injecting a gas into a slurry which contains particulate solids, with reduced solids 

attrition and injector plugging. 

Background of the Invention 

There are many applications in which a gas must be injected up into a slurry 

which comprises particulate solids in a liquid. These include coal liquefaction, resid 

refining, other hydrogenation processes, slurry hydrocarbon and oxygenate synthesis, 

waste water treating, etc.. The gas is typically injected up into the slurry by means of a . 

horizontal gas distribution grid, which is also referred to as a plate or tray, locat~d at the 

bottom of the sluny in a reactor or other vessel, and over a gas space or cavity called a 

plenum. The tray contains a plurality of gas injectors extending therethrough for 

uniformly distributing the gas up into the slurry. These gas injectors can be vertical 

holes in the tray, bubble caps, and the like as is well known. Problems associated with 

these trays include solids attrition and plugging of the injectors if the gas pressure drops. 

While solids plugging of the gas injectors is never desirable, in some applications it is 

also important to avoid solids attrition. One specific example is a slurry hydrocarbon 

synthesis (HCS) process in which a synthesis gas (syngas) comprising a mixture ofH2 

and CO is bubbled up into and through a slurry in a reactor at reaction conditions 

effective to convert the syngas to hydrocarbons, at least a portion of which are liquid at 

the reaction conditions. In this process, the slurry comprises solid catalyst particles and 
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gas bubbles in a hydrocarbon slurry liquid, with the slurry liquid comprising liquid HCS 

products. Reactors which contain a three phase slurry are sometimes referred to as 

slurry "bubble columns", as is disclosed in U.S. Patent 5,348,982. The amount of 

syngas injected up into the slurry to provide the desired level of hydrocarbon synthesis is 

typically more than that needed to _!ceep the catalyst particles dispersed in the liquid. 

Problems encountered with this (and other processes) include plugging of the gas 

injectors by the catalyst particles, catalyst particle attrition by the gas which produces 

fines and results in catalyst loss and plugging units downstream of the reactor, 

deactivation of catalyst settling on the flat spaces on the tray and catalyst falling down 

through the injectors into the plenum space below. It would therefore be an 

improvement to the art to use gas injecting means which reduce or eliminate any of these 

problems. 

SUMMARY OF THE INVENTION 

The invention relates to a gas injecting means useful for injecting gas into a 

slurry containing particulate solids, with reduced solids attrition and injecto·r plugging. 

More particularly the invention relates to a throat and cone gas injector and to a gas 

distribution grid comprising a plurality of the gas injectors horizontally arrayed or 

distributed across, and vertically extending through, an otherwise gas and liquid 

i?~pervious horizontal plate or tray, which wiU typically be located at the bottom of the 

slurry. In one embodiment, all or a portion of the gas injectors are formed as an integral 

part of the grid. The gas injector comprises a throat or elongated, hollow, first gas 

expansion zone open at both ends, with one end being a gas entrance having a bore 

through which gas is passed from outside the jet, past an orifice which is the exit of the 

bore, and into the throat, with the other, downstream end opening into an upwardly and 

outwardly extending second gas expansion zone, which may be cone-shaped. An 

internal shoulder at the junction of the throat and cone provides a flow diverting means, 

which directs slurry seeping down along the wall of the cone radiaUy inward into the gas 
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jet exiting the throa~ to prevent slurry solids attrition and throat plugging. In a typical 

injector of the invention, the inner diameter of this shoulder is substantially the same as 

that of the throat and its outer diameter peripherally tenninates at the inner wall of the 

bottom of the cone. It has been found that the absence of the shoulder, or flow 

diverting means in the gas inje~~, can result in significant and substantial disintegration 

of the particulate solids into fine particle sizes by attrition. These fines are carried up and 

out of the reactor in the overheads, and also pass through liquid filters into downstream 

units. This results in a continuous and substantial loss of catalyst and also forms sludge 

in downstream units which can clog the units and which must eventually be separated 

from the product. The pressure drop through the bore is determined by its diameter or 

cross sectional area, which is smaller than that of the throat. The aspect ratio and 

diameter of the throat are sized to (i) insure that the expanding gas jet flowing up 

through the throat contacts the inner throat wall before it exits the throat and enters the 

cone and, in combination With the orifice diameter, (ii) achieve the desired gas velocity 

in the cone where it contacts the slurry. This wall contacting in the throat is important 

to obtain a more uniform velocity.profile of the gas stream entering the cone by allowing 

the velocity at the outer periphery of the gas jet to fully develop and to prevent flow 

perturbations and irregularities at the outer periphery of the jet which might otherwise. 

result in solids weeping down into the throat, where they will be attrited by th~ higher 

velocity gas jet entering the throat through the narrow, smaller orifice. The throat has a 

length to diameter ratio (aspect ratio) of less than I 0: 1 and preferably less than 8: I to 

~!event throat plugging by sluny solids'. This aspect ratio must also be large enough for 

the outer periphery of the expanding gas jet to contact the inner wall of the throat before 

exiting it, and preferably make the contact a finite distance upstream of the throat exit, 

to provide a margin of safety (e.g., at least 10 % of the throat length). It is preferred 

that the longitudinal aXis of the bore, throat, shoulder and cone all be coincident. The 

angle of the interior cone wall is preferably greater than the angle of repose of the sluny 

solids, to prevent solids build-up in the cone. While in a preferred embodiment, the 

bore, throat; shoulder and cone all have a circular cross-section perpendicular to their 

longitudinal axis, other cross-sections may be employed if desired. A plurality of these 
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injectors, vertically extending through and horizontally arrayed or arranged across a 

horizontal, and otherwise gas and liquid impenneable plate or tray at the bottom of the· 

slurry, unifonnly distribute gas up into the slurry, with a fairly uniform pressure drop and 

concomitant uniform gas injeCtion velocity across and through each gas injector in the 

tray. This is determined by the.desired gas throughput into the slurry, the number of 

injectors in the tray, the diameter of the injector bore, and the gas pressure upstream of 

the injector bore. 

Close packing of the injectors across the grid will substan~ally reduce the 

amount. of flat surface on the top of the grid. In a further embodiment, no part of the 

injector extends up past the top of the-grid plate. These two features minimize the 

amount of dead space on the grid for slurry solids to settle on. In the case of a slurry 

hydrocarbon synthesis (HCS) process i~which at least a portion of the solids are an 

HCS catalyst, the reduced solids settling results in less catalyst deactivation. The gas 

distribution grid is typically located above the synthesis gas (syngas) reservoir or plenum 

area at the bottom of the reactor. The syngas feed is passed into a plenum under the 

grid which serves as a pressure damper and which, in combia"ation with the diameter of 

the orifice in the gas jets, the number of jets and.gas pressure, insures that the amount of 

syngas entering each injector in the grid is the same. 

Gas passjng through the pressure reducing bore and into the throat or first 

expansion zone, exits the orifice as a radially outwardly expanding gas jet which flows 

through the throat and contacts the inner wall before it enters the cone. This contact is 

important, as it results in more energy being directed to the outer periphery of the jet 

exiting from the throat and into the cone, or second expansion zone. This provides 

sufficient gas velocity and mass (energy) at the periphery of the jet exiting the throat to 

prevent slurry from seeping down into the throat where the solids can be attrited into 

fines by the relatively high velocity gas jet entering the throat from the bore. It also 

reduces the difference in gas velocity between the outer periphery and the center of the 

jet, which further reduces particle attrition when the gas contacts the slurry. As the gas 

~ 



W099/l038S PCT/US98/ll590 

-S-

jet exits the throat, it doesn't contact the inner cone wall at the throat and cone junction, 

because of the annular shoulder. In one embodiment, the inner periphery of the shoulder 

is adjacent the inner wall of the throat at its exit and the outer diameter peripherally 

terminates at the inner cone wall at the bottom of the cone. The shoulder acts as a flow 
·. . : . . · .. ; . . . ·. 

diverter for slurry seeping down the will of the cone by imparting a radially inward· 

direction to the downtlowing slurry. Slurry which flows down along the interior cone 

wall reaches the shoulder, which forces the downcoming sluny radially inward to where 

it meets the upflowing, expanding jet 'exiting the throat, which carries weeping the slurry 

back up into the slurry body above. As the expanding gas jet travels up through the 

cone, it contacts the slurry and breaks up into bubbles which have a net upward velocity 

greater than can be achieved with bubble caps and the like. In a further embodiment, the 

orifice opens into a cone or chamfer, or other means (depending on the shape of the 

orifice and throat) which prevents unrestricted expansion of the gas jet as it enters the 

throat, thereby preventing back swirls and eddies from fonning which can be drawn into 

the expanding gas jet and disturb or cause perturbations, such as ripples, and other flow 

disturbances at the outer jet periphery as it travels up the throat and into the cone and 

also cause fluctuations in the jet itself. Such perturbations can permit slurry solids to 

weep down into the throat where they are attrited by the in~oming higher velocity gas 

jet. The cone or chamfer thus stabilizes the expanding gas jet and has also bee~ found to 

be beneficial in clearing the throat of solids due to reductions in the gas flow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial cross-sectional schematic of a gas injector of the invention as 

an integral part of a gas distribution grid. 

Figure 2 is a variation of the embodiment of Figure I. 
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Figure 3 briefly illustrates a replaceable orifice assem\?ly for a gas injector of the 

invention. 
. . ·:.,· 

Figure 4 schematically shows the orlfice opening u'p int~ a.cane or c~~ at the 
' . . . ~ 

bottom of the throat of the gas injector. 

Figure 5 (a) illustrates an expanding gas jet exiting the orifice and contacting the 

wall of the throat with a free expansion zone proximate the orifice, while Figure S (b) 

shows the orifice opening out into a cone or chamfer to eliminate the free expansion 

zone ofFigure 5 (a). 

Figure 6 schematically illustrates, in partial cross ~ection, of another embodiment 

ofa gas injector and grid of the inv~ti~·n . 

.. 

Figures 7 (a) and 7 (b) respectively schematically illustrate a side view and a top 

· pian view of an embodiment ofa short cyli~drical gas distrib~tion grld.'~. 

Figure 8 is a perspective of an arcuate, pyramidal spacer for eliminating flat areas · 

on the top of the grid. 

Figure 9 is a top plan view of a portion of a grid showing the location of the 

pyramidal spacer. 

Figure 10 is a simplified cross-sectional schematic of a slurry hydrocarbon 

synthesis reactor containing a gas distributing grid of the invention. 

DETAILED DESCRIPTION 

Referring to Figure 1, a gas injector of the invention 10 is illustrated as an 

integral part of a slurry reactor gas distributor grid 30 comprising a horizontal, disk-
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shaped steel plate 32, shown in partial form, which contains a plurality of gas injectors 

horizontally arrayed across the tray and extending vertically therethrough, of which only 

the one, 10, is shown for the sake of convenience. The top and bottom ·of the grid or 

plate are indicated at 34 and 36. The gas injector 10 extends vertically through the plate 

and comprises a cylindrical bore 14 defined by peripheral wall 16 which opens into a 
throat 20 through an orifice 12 which is the upper end of bore 14. The orifice opens up 

into throat 20 by means of shoulder or chamfer 18. While shoulder 18 is shown as 

horizontal and flat which means that orifice 12 is a sharp-edged orifice, in one 

embodiment it opens upward and outward from the perimeter of the orifice to the inner 

throat wall 22 as is explained below. In the latter case, the angular opening or chamfer 

extending from the orifice inhibits unrestricted expansion of the gas jet exiting the orifice 

up into the throat. Throat 20 is a cylindrical bore defined by a peripheral wall 22. Gas 

passes through bore 14 and emerges out of the upper end of the bore, which is the 

orifice, into throat 20 as a oone shaped, expanding gas jet which is illustrated in Figure 5 

and explained in detail below. Passage of the gas through the bore reduces its pressure, 

so that the gas pressure in the throat is less than that upstream of the bore (e.g., in the 

plenum below the grid). The gas jet entering the throat has an included angle ranging 

from about 10-20 degrees and more typically 15-20.degrees, as is known by those 

skilled in the art. The velocity of the expanding gas jet is reduced as it passes ~p 

through the first expansion zone or throat 20. The aspect ratio or length to diameter 

ratio of throat 20 is sized to permit the desired velocity reduction of the jet and, at the 

S!lDle time, insure that the expanding gas jet contacts the peripheral inner wall 22 of the· 

throat, before it exits the throat at 24 and enters up into the second gas expansion zone 

or cone 30. In general, the aspect ratio will be at least 2 to insure that the expanding gas 

jet contacts the wall of the throat. On the other hand the maximum aspect ratio should 

not be larger than 8 or 10, to prevent throat plugging by the slurry solids, in the event of 

a reduction in gas flow. In the event of a reduction of the upstream gas pressure or a 

temporary cessation of the gas flow, the injector will fill up with the slurry solids an4 it 

has been detennined that an aspect ratio greater than about 8 or I 0 can prevent the gas 

from pushing out the solids when the pressure is restored, thereby plugging the injector 
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and rendering it inoperable. It is also preferred that the expanding gas jet contact the 
throat wall sufficiently upstream of the throat exit to provide a factor of safety which ~ 

can range anywhere from about 25 % to about 75 % of the throat length. As mentioned 
above, this contacting is an essential feature of the gas injector of the invention to insure ~ 

sufficient gas velocity proximate the wall 22 at the throat exit 24, to prevent slurry 
weeping down the side of the cone from entering the throat. This also results in a more 
uniform horizontal gas velocity profile flow across the top or exit 24 of the throat. 
Throat 20 opens into the radially upward and outward extending second gas expansion 
zone 30 at the horizontal, circumferential flow diverting means illustrated as an annular 
shoulder 26. Zone 30 is -a cone-shaped, and more specifically frusto-conical as defined 
by the frusto-conical peripheral wall 28 cut into the upper portion of the tray. In zone 
30,-the gas velocity is further reduced down to a level where it will not cause catalyst 
particle attrition, yet still be high enough to suspend the solids in the slurry and, in the 
case of a slurry reactor, p~vide a gas flow rate sufficient to achieve the desired reactor 
output. In the case ofinjecting synthesis gas into a slurry hydrocarbon synthesis reactor, 
the gas flow rate required for efficient hydrocarbon synthesis is· typically greater that that 
required for catalyst suspension. The expanding gas jet contacts the slurry in zone 30_ 
and breaks up into bubbles which rise up through the slurry. Slurry weeping down along 
the interior of the cone along wall 28 reaches shoulder 2~ which imparts a radially 
inward direction and velocity to it and, as a consequence, the slurry is directed into the 
gas steam flowing up out of the throat exit 24. This lifts the downflowing slurry back 
up and into the siurry body above, while minimizing seeping of the slurry down into the 
throat where it will be attrited. It has been found that the use of the shoulder can result 
in as much as a twenty fold reduction in catalyst attrition. While it is believed that the 
most efficient cross-section of the orifice, throat and cone is circular, it is possible that in 
same cases one or more of these elements will have a cross-section other than circular. 
In the case of a cross-section other than circular, the diameter is taken as the equivalent 
diameter which is the square root of the cross-sectional area divided by pi, and the 
equivalent diameter is used in determining the aspect ratio of the throat. 
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Figure 2 illustrates an embodiment of the invention similar to that of Figure 1, 

but differs in that the bore and throat are a single, cylindrically shaped and externally 

threaded assembly 40 screwed into a mating threaded bore in the tray, indicated by 

screw threads 58. The bore 44, bore wall 46, orifice 42, throat 50 and wall 52 are 

identical to those shown in Figure 1. However, the inner portion of the top 54 of 

cylinder 40 fonns the flow diverting shoulder at the junction of the throat and cone. 

Assembly 40 screws up into the tray to where it meets with annular shoulder 56 at the 

bottom of the cone. That portion of the top of the cylinder 40 which does not contact 

the shoulder 56 fonns the annular flow diverting means. Thus, in this embodiment the 

orifice and throat assembly are reinovably or detachably attached to the tray for facile 

replacement. Other embodiments will be apparent to those skilled in the art, such as a 

replaceable orifice assembly briefly illustrated in Figure 3 and the like. Thus, in Figure 3, 

a replaceable orifice assembly 58 is screwed up into a mating bore.at the bottom of 

throat 20. Figure 4 illustrates still another embodiment in which the bore 14 of Figure 1 

opens up into throat 20 by means of a chamfer or cone shaped wall 15. In this 

embodiment, the expanding gas jet exiting u.p out of orifice 12 is prevented from freely 

expanding out to the throat wall 22 proximate to the orifice 12 as it does in the 

embodiment of Figure 3, by the cone or chamfer. This is illustrated in Figures 5 (a) an~ 

5 (b ). Thus, in Figures S (a) and 5 (b) an expanding, conical gas jet indicated ~s two 

wavy lines having an included angle a., exits orifice 12 and 12' and contacts the inner, 

cylindrical wall 22 of throat 20 at 25. In Figure 5 (a), space 11 surrounding the sharp­

e_dged orifice 12 permits free expansion of part of the gas jet. Free expansion of the gas 

jet exiting orifice 12' is prevented by the cone or chamfer shaped wall 13 in the 

embodiment of Figure S (b ). It has been observed that the presence of a cone or 

chamfer proximate the orifice prevents perturbations in the gas flow at the outer 

periphery of the expanding gas jet and also enables the gas to more easily blow out 

solids that may have filled up the throat during a lowering or cessation of the gas 

pressure upstream of the orifice. The cone angle should be determined experimentally 

for each case, but, in general, it will have an included angle less than the angle of repose 

of the solids in the slurry, to prevent slurry solids build-up on the interior cone wall. 
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Generally, the included angle will be less than 140 degrees and in some embodiments, 

will be less than 90 degrees. 

Referring now to Figure 6, a gas injector of the invention is shown being similar 

in most respects to that ofFigure 1, except it is riot ati integral part ofa gas distribution 

tray. In this embodiment, the gas injector is a separate unit which is attached, by 

suitable means (e.g., screw threads) not shown, to a mating bore 72 extending through 

the tray from top to bottom. Thus, turning to Figure 6, gas injector 60 comprises a 

cylindrical bore 62 which defines orifice 64 at ·its downstream end. Orifice 64 opens up 

into a larger diameter cylindrical bore 66 which is the throat or first expansion zone. 

Bore 66 opens up into a second, hollow, conical expansion zone 70 by means of annular 

shoulder 68, which is the slurry radial flow diverting means. The angle of the cone is 

less than the angle of repose of the solids in the slurry, to prevent solids accumulation on 

the inner cone wall. In this embodiment, even when a plurality of such injectors are 

horizontally arrayed across the surface of the tray, for each injector there will be an 

annular, flat surface on top of tray 32 below the cone, indicated at 74 for injector 60. In 

the case where the slurry solids comprise catalyst particles which deactivate when not in . 

contact with the uprising gas, this space and the area 76 above 74 bound at the top by 

the cone is a dead space, in which catalyst particles will accumulate and deactivate. 

Hence, in such cases an embodiment similar to that of Figures I or 2 i_s preferred, unless 

other means are used to block off the dead space or pass gas through it to prevent 

c_atalyst accumulation. 

Figures 7 {a) and 7 (b) respectively schematically illustrate a side view and a top 

plan view of an embodiment of a short cylindrical gas distribution grid or tray according 

to the invention, in which the grid contains a plurality of gas injectors of the invention 

horizontally arrayed across and extending through the grid in a manner similar to that 

shown in Figure 1. However, in this embodiment the grid is formed of two separate -

circular, or disk-shaped plates 82 and 84, assembled and held together by suitable means 

such as screws or bolts (not shown). Upper plate 82 of the grid contains a plurality of 
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conical cavities 86 extending therethrough which make up the second gas expansion 

zone for each injector. Lower plate 84 contains respective c6ncentric mating throat and 

orifice caviti~ indicated briefly as 88 and 90, extending through it and being coaxial 

with the longitudinal axis of each cone as shown. The throat diameter is smaller than the 

bottom of each respective and ~~ing conical cavity in the top plate 82, so that the 

annular shaped flow diverting shoulder 92 is fonned when the top and bottom plates are 

joined to form the completed grid. The top plan view is shown in greater detail in 

Figures 7· (b) and 9 explained below. No matter how close each cone is to its adjoining 

neighbors, there must be a flat space on top of the tray between the cones which is 

indicated as 96 in Figure 7 (b ). This space, on which catalyst will settle and deactivate, 

is readily reduced and even eliminated by an arcuate, pyramidal spacer 94 illustrated in 

perspective in Figure 8 and in plan view in Figure 9. In the embodiment shown, the top 

of the spacer is slightly flat and suitable means, such as a rounded top screw (not 

shown) is used to fasten the spacer onto the flat spaces. Figure 9 shows more detail for 

the spacer and. for the plan view of the injectors. 

Figure I 0 is a simple cross-sectional schematic of a slurry HCS reactor useful_ in 

the pr~cess of the invention containing a gas distribution grid of the invention which is. 

that illustrated in Figure 7. Turning to Figure 10, there is shown a slurry HCS reactor 

100 comprising a cylindrical shell 102 containing a slurry I 04 within, which is supported 

by a gas distribution grid 106 of the invention of the type illustrated in Figure 7, except 

~hat for the sake of simplicity the gas injectors are not shown in great detail. The grid 

comprises one or more circular metal plates horizontally disposed over the plenum space 

108 which supports the slurry above and which contains a plurality of the gas injectors 

horizontally arranged across the flat horizontal surface of the grid and extending· 

vertically therethrough. The outer periphery of the grid forms a seal with the inner 

surface of the reactor .. The hollow space or plenum I 08 under the grid is both a gas 

reservoir and a damper to smooth out fluctuations in the feed gas pressure. The syngas 

feed enters the reactor in the plenum space 108 via feed line I 07 and is distributed up 

into the slurry I 04 through the gas injectors extending through the grid. The small 
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circles represent gas bubbles and the solid circles the catalyst particles. A filtration 

means simply illustrated by box 110 immersed in the slurry separates the liquid 

.hydrocarbon products of the synthesis reaction :from the catalyst particles, with the 

liquid being Withdrawn via line 112 and passed to further processing and upgrading. A 

liquids and solids disengaging space 114 in the top of the reactor collects the gas 

products of the hydrocarbon synthesis reaction and the unreacted syngas and passes 

them out of the reactor as tail gas via line 116 to further processing and product 

recovery and upgrading. ·By way of an illustrative, but non-limiting example, for a thirty 

foot diameter reactor, the grid may contain as many as ten thousand gas injectors with a 

pressure drop of up to about twenty pounds per square inch across each injector. 

It is understood that various other embodiments and modifications in the practice 

of the invention will be apparent to, and can be readily made by, those skilled .in the art 

without departing from the scope and spirit of the invention described above. 

Accordingly, it is not intended that the scope of the claims appended hereto be limited to 

the exact description set forth above, but rather that the claims be construed as 

encompassing all of the features of patentable novelty which reside in the present 

invention, including all the features and embodiments which would be treated as 

equivalents thereof by those skilled in the art to which the invention pertains. 

-~----------
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CLAIMS: 111111111111111111111111111111 
* C L M s * 

1. A gas injection method which comprises passing a gas through a pressure 

reducing zone to form an expanding gas jet which is passed through 8: first expansion 
. . . . ' . . ' . 

zones having an entrance and an..exit, in which it expands Jllld, coJ:ltacts the inner wall of 

said zone, thereby providing more gas flow at the outer peJ'.iphery of said jet which then 

exits said ·first zone and is passed through a second expansion zone, having an entrance 

and an exit, in which said jet continues to expand and exits said second zone, wherein 

said gas jet entering said first zone is not permitted to freely expand proximate the 

entrance of said first zone and wherein said second zone entrance is proximate said first 

zone exit. 

2. A gas injector employing the_ gas injection method. of claim 1 in which said 

first gas expansion zone comprises an elongated, hollow conduit having a longitudinal 
. . 

axis, open at both ends and having a pressure reducing bore at said entrance end and 

with the other, exit end opening into the bottom end -entrance of said second gas 

expansion zone, said second zone comp~sing an upward and outward extending, hollow 

conduit having a longitudinal axis, open at both ends and having a flow diverting means 

located proximate the junction of said first and second gas expansion zones for · 

imparting a radially inward flow direction to fluid flowing from said second towards said 

first zone. 

3. A gas injector according to claim 2 wherein said bore has a diameter smaller 

than that of said first expansion zone. 

4. A gas injector according to claim 3 wherein said flow diverting means 

comprises an annular shelf whose outer periphery is adjacent the inner wall at said 

bottom of said second expansion zone. 

THIS SHEET HAS BEEN 
REPLACED 
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5. A gas injector according to claim 4 wherein the longitudinal axes of said 

orifice and said first and second expansion zones are all coincident. 

6. A gas injector acc0rding to Claim 5 wherein said bore':and first zone are 

cylindrical and wherein said z0ne..is-fiusfo.:.conical, with its smaller end proximate the 

junction between said zones. 

7. A gas distribution grid comprising a plurality of gas injectors according to 

claim 6 horizontally arrayed across, and extending through, an otherwise gas and liquid 

impervious tray. 

8. A grid according to claim 7 wherein the aspect ratio of said first zone of said 

injectors is greater than 2:1 and wherein at least a portion of each said gas injector is an 

integral part of said tray. 

9. A grid according to claim 8 wherein said tray comprises a top plate fastened 

to a bottom plate and wherein said second zone of each said injector is an integral part · 

of said top plate. 

10. A grid according to claim 9 wherein said second zone does not extend 

above the top surface of said top plate and wherein flat space eliminators are present on 

flat surfaces at the top of said grid. 

.----.:_______ 
! ------
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