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[57] ABSTRACT 
A multipassage diffuser having 2p passages comprises 
a leak-tight cylindrical enclosure closed by a top cover 
and a bottom end-wall, parallel porous tubes which 
are rigidly assembled in sectors between tube plates 
and through which the gas mixture flows, the tube sec-
tors being disposed at uniform intervals on the periph-
ery of the enclosure. The top tube plates are rigidly 
fixed to an annular header having the shape of a half-
torus and adapted to communicate with the tubes of 
the corresponding sector. 

Each passage is constituted by a plurality of 
juxtaposed sectors in which the mixture circulates in 
the same direction, the header being divided into p 
portions limited by radial partition-walls and each 
constituting two adjacent passages. 
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The diffuser is provided beneath the bottom end-wall 
with p-1 leak-tight chambers each adapted to open 
into two different portions of the header, and with two 
collector-chambers each fitted with a nozzle for 
introducing the gas mixture and discharging the 
fraction of the undiffused mixture. By means of a 
central orifice formed in the bottom end-wall the 
enclosure communicates with a shaft for discharging 
the diffused fraction of the gas mixture. 

7 Claims, 4 Drawing Figures 
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MULTIPASSAGE DIFFUSER 

This invention relates to a multipassage diffuser. 
In an installation for isotopic separation by gaseous 5 

diffusion, the separation stages comprise one or a num-
ber of diffusers within which the stream of isotopic 
mixture (for example uranium hexafluoride containing 
uranium-238 and uranium-235) is enriched in the light 
isotope of uranium as it passes through porous walls or 1 0 

so-called barriers. When these latter are tubular, said 
diffuser is designed in the form of a bundle of porous 
tubes enclosed within a cylindrical shell. The high-pres-
sure stream (isotopic mixture to be enriched) passes 
into the tubes at one end of the bundle; a fraction of 1 5 

said stream does not undergo diffusion and is collected 
at the other end of the bundle at a slightly lower level 
of pressure (medium pressure stream). That part which 
diffuses through the porous barriers and which is en-
riched in light isotope is sucked at low pressure by 2 0 

means of a compressor into the interior of a space 
formed between the tubes of the bundle. 

In diffusers of known types, there is only a single 
passage of the isotopic mixture. In other words, a bun-
dle of parallel tubes is mounted within the cylindrical 2 5 

shell and constitutes the diffusion barriers. The isotopic 
mixture is fed into one end of the bundle, the undif-
fused portion of the mixture is collected at the other 
end and the fraction which is enriched in the light iso-
tope is collected within the interior of the cylindrical 3 0 

shell. The number and length of the tubes which are 
placed in parallel so as to constitute said bundle are 
usually the result of economic optimization. For exam-
ple, the achievement of good separation performances 
entails the need for a high flow rate (and therefore a 3 5 

small number of tubes in parallel) without giving rise to 
prohibitive pressure drops. Moreover, the dimensions 
of the diffuser are not without influence on its cost 
price or on the possibilities of positional arrangement 
and installation inside buildings. The result which may 40 
thus be achieved is a diffuser of substantial overall 
length. This is clearly attended by a disadvantage in 
that the location of a diffuser of this type within build-
ings becomes a matter of difficulty. Furthermore, the 
rate of internal flow which decreases from the high- 4 5 

pressure inlet to the medium-pressure outlet progres-
sively as the diffusion process takes place cannot be 
maintained at each point at the most favorable level for 
the separation and the pressure drops. High bending 
moments and expansion stresses are also developed. 5 0 

Furthermore, the pipes which provide connections 
between the medium pressure outlet and the compres-
sor are of considerable length. 

The precise aim of the present invention is to provide 
a multipassage diffuser which overcomes the disadvan- 5 5 

tages mentioned in the foregoing. 
By a multipassage diffuser having n passages is meant 

a diffuser in which the gas mixture is not discharged to 
the exterior after having passed through a tube but is 
fed back into another tube and then into a following 6 0 

tube and so forth until it passes through the nth tube, 
whereupon the mixture is passed out towards another 
diffuser. 

The multipassage diffuser having 2p passages is char-
acterized in that said tubes are grouped together in 6 5 

sectors each having a plurality of tubes, each tube of 
any one sector being inserted at one end in a perforated 
plate, the tubes of any one sector being coupled in 
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rigidly fixed relation by means of clamping members 
uniformly spaced in height, said sectors being disposed 
at uniform intervals on the periphery of said enclosure, 
the top perforated tube plates being rigidly fixed to an 
annular header having the shape of a half-torus limited 
by the mid-plane thereof, said header being provided 
with an orifice opposite to each tube plate for providing 
a communication between said header and the tubes of 
the corresponding sector, the bottom tube plates being 
rigidly fixed to the bottom end-wall of said enclosure, 
said bottom end-wall being provided with orifices op-
posite to each bottom tube plate, each passage being 
constituted by a plurality of juxtaposed sectors in which 
the mixture circulates in the same direction, said 
header being divided into p portions limited by radial 
partition-walls, each portion containing the orifices 
corresponding to the sectors being intended to consti-
tute two adjacent passages, said diffuser being also 
provided beneath the bottom end-wall thereof with p-1 
leak-tight chambers having top walls constituted by 
said bottom end-wall, each chamber provided with 
orifices corresponding to the sectors associated with 
two adjacent passages being such as to open at the top 
portion thereof into two different portions of the 
header, and two collector-chambers having top walls 
which are also constituted by the bottom end-wall of 
said enclosure, a communication being established 
between each collector-chamber and the sectors of one 
of the two remaining passages, each collector-chamber 
being fitted with a nozzle respectively for introducing 
the gas mixture and discharging the fraction of the 
undiffused mixture, said bottom end-wall being further 
provided with a central orifice for putting the interior 
of said enclosure into communication with a shaft for 
discharging that fraction of the gas mixture which has 
diffused. 

In other words, each passage comprises a certain 
number of sectors («, in the case of the first passage, n2 
in the case of the second passage, . . . n2p in the case of 
the passage of order 2p) and each sector comprises a 
certain number of tubes (mlA in the case of the first 
sector of the first passage, m l i 2 in the case of the second 
sector of the first passage . . . mJtl in the case of the 
sector of order j of the passage of order i). All the tubes 
of any one passage are mounted in parallel between a 
portion of header and a leak-tight chamber or a collec-
tor-chamber and the passages are mounted in series by 
•means of portions of header and leak-tight chambers. 

A more complete understanding of the invention will 
in any case be gained from the following description of 
a number of embodiments of the invention which are 
given by way of example without any limitation being 
implied, reference being made to the accompanying 
drawings, wherein: 

FIG. 1 is a diagrammatic view of a multipassage dif-
fuser; 

FIG. 2 is a vertical sectional view of a diffuser having 
two passages; 

FIG. 3 is a horizontal sectional view of the same 
diffuser, this view being taken along the plane A—A of 
FIG. 2; 

FIG. 4 is a detail view showing the connection of two 
diffusion barriers. 

There is shown in FIG. 1 a diagrammatic developed 
view of a multipassage diffuser having 2p passages. A 
represents the developed cylindrical enclosure of the 
diffuser. Bi, B 2 . . . B4p represent the sectors which are 
each constituted by m parallel porous tubes. Each pas-
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sage has two sectors (rc, = n2 . . . rc2p = 2). These sectors 
are disposed at uniform intervals on the periphery of 
the cylindrical enclosure A. Each sector comprises a 
top tube plate and a bottom tube plate which are not 
shown in FIG. 1. The top tube plates are rigidly fixed to 5 

the manifold or header C and this latter has the shape 
of a half-torus which is limited by its central plane. 
Each tube of the sectors opens into the header C by 
means of tube plates. The bottom tube plates are rigidly 
fixed to the bottom end-wall D of the cylindrical enclo- 1 0 

sure in which are formed peripheral orifices (not 
shown) corresponding to each tube plate and a central 
orifice E which puts the interior of the enclosure A into 
communication with a shaft F for the discharge of the 
diffused mixture. The lower ends of the sectors B t and 1 5 

B2 open into an inlet collector-chamber G for the sup-
ply of the gas mixture and the upper ends of said sec-
tors communicate with the portion H, of the header C. 
The sectors B3 and B4 communicate on the one hand 
with the portion H, and on the other hand with the 2 0 

leak-tight chamber J,; the sectors B7 and B8 communi-
cate with the portion H2 and with the chamber J2 and so 
forth up to the sectors B4p_3 and B4p_2 which communi-
cate with the portion Hp and with the chamber Jp.!. 
Finally, the sectors B4p.i and B4p communicate with the 2 5 

portion Hp and with the outlet collector-chamber K for 
the discharge of the undiffused gas mixture. Between 
the inlet collector-chamber G and the outlet collector-
chamber K, the gas mixture has thus carried out 2p 
passages within the diffuser, p passages being in the 3 0 

direction of upward flow and p passages being in the 
direction of downward flow. Each passage takes place 
within two sectors having m tubes. 

As has been mentioned earlier, each passage can 
comprise a different number of sectors and each sector 3 5 

can comprise a different number of tubes. By making a 
suitable choice of these two numbers, the desired use-
ful cross-sectional area may be obtained in the case of 
each passage. 

In fact, the useful cross-sectional area of the passage 4 0 

of order i is given by the formula: 

j = n, 
5f = 2 mj i 

j = 1 45 

where s represents the cross-sectional area of a tube 
and miA represents the number of tubes of the sector of 
order j of the passage of order i. 

This is of considerable interest by reason of the fact 5 0 

that part of the gas stream has diffused across the gase-
ous wall between the two ends of the tubes of one and 
the same passage. There is therefore a lower rate of 
flow at the outlet of a tube than at the inlet. By progres-
sively reducing the useful cross-sectional areas Sf from 5 5 

one passage to the next, it is possible to maintain opti-
mum operating conditions throughout the diffuser. 

In the following description, consideration is given to 
the particular case of a double-passage diffuser for the 
sake of enhanced simplicity of the detail drawings. 6 0 

Accordingly, we have p = 1 and n = 3. 
The diffuser essentially comprises a sub-diffuser unit 

2, an enclosure 4 which is fixed on said unit 2 and 
sectors of the tube bundle such as the sectors 6a, 6b 
and so forth which are disposed within said enclosure 4 . 65 

The sub-diffuser unit 2 has the design function of 
supporting the complete diffuser assembly and serves 
at the same time as gas-flow distribution box. The sub-

300 16 

diffuser unit comprises a first shell 8 of frusto-conical 
shape which delimits in the central portion thereof a 
chimney or shaft 10 for establishing a connection be-
tween said unit and the interior of the enclosure 4. The 
unit 2 additionally comprises two peripheral chambers 
12 and 14 (or collector-chambers) which are limited 
internally by the shell 8 and by a second inclined shell 
16; said chambers are limited externally by a cylindri-
cal shell 18 and by inclined walls such as those desig-
nated by the reference numerals 20 and 22. The cham-
bers 12 and 14 are each joined to a nozzle designated 
respectively by the reference numerals 24 and 26 and 
welded to the outer shell 18. The sub-diffuser unit 2 is 
limited at the top portion thereof by a plate 28 pierced 
by a central orifice 30 which provides a communication 
between the shaft 10 and the interior of the enclosure 
4 and by peripheral orifices such as those designated by 
the references 32a . . . 32d which serve as means of 
communication between the chambers 12 and 14 and 
the sectors 6a . . . 6d. 

The enclosure 4 has a main cylindrical portion 34 
which terminates in a top domical cover 36 and in a 
bottom coupling-flange. The enclosure 4 is rigidly fixed 
to the sub-diffuser unit 2 by means of bolts such as the 
bolt 40 which are engaged in the flange 38 and in the 
top plate 28 with interposition of a seal between these 
two elements, said seal having been omitted from the 
figures. 

The tube bundle is constituted by a plurality of sec-
tors 6a, 6b and so forth (four of which are shown in 
FIG. 1 and three of which are shown in FIG. 2), provi-
sion being made in this embodiment for a total of six 
sectors. Each sector comprises a plurality of columns of 
the type designated by the reference numeral 42. Each 
column is constituted by a plurality of porous tubes 
such as the tubes 44 and 44 ' which are joined together 
in end-to-end relation as shown in FIG. 3. Two consec-
utive porous tubes 4 4 , 4 4 ' are joined together by means 
of a clamping sleeve 46 which extends beyond the 
extremities of the tubes 44. A leak-tight and continuous 
tube of porous material is thus obtained. 

Each column 42 of a given sector is fastened at the 
lower end to a tube plate such as the sector which is 
designated by the reference 48a in the case of the sec-
tor 6a and which is pierced by orifices such as those 
bearing the reference 50. These orifices of the tube 
plate 48a open into the orifice 32 of the corresponding 
plate 28. The tubes 42 are inserted in the tube plate or 
welded. Similarly, the columns 42 are rigidly fixed at 
the upper ends thereof to a second top tube plate 52a 
in the case of the sector 6a. The connection between 
the columns and the tube plates is clearly leak-tight. 

At the level of each coupling sleeve 46, the columns 
of a given sector are held together by means of clamp-
ing flanges such as the flange 54 shown in FIG. 3. The 
columns of a given sector are thus uniformly distrib-
uted within a circular ring sector. 

A special system designated by the reference 56 
serves to endow the tube bundle with rigidity at the 
level of each clamping member 54. Said device com-
prises two coupling members 58 and 60 which are 
rigidly fixed to the clamping members 54 and 54 ' of 
two juxtaposed sectors. Each coupling member 58 and 
60 has an orifice 62 and 64, the common axis of which 
is disposed on a radius of the cylinder 34. A rod 66 is 
capable of displacement within the orifices 62 and 64 
and the head 68 of said rod is applied against the wall 
34 of the enclosure 4 by means of a spring 69. The 



3,982,911 

15 

devices 56 are mounted between the consecutive sec-
tors and placed at different levels of connection of the 
tubes 44 which constitute the columns 42. 

The heads 68 of the devices 56 are capable of longi-
tudinal sliding motion along the wall 34. In conse- 5 
quence, the systems 56 ensure that the tube bundles are 
maintained in position in the radial direction while 
permitting expansion of the columns 42. 

The top tube plates 52 are joined to a floating header 
70 (or manifold). Said floating header has the shape of 1 0 
a circular half-torus which is limited by its midplane 
and is provided with a flange 72 and 74 both on its 
internal periphery and on its external periphery. The 
floating header 70 is connected to the tube plates 52 by 
means of screws such as the screw 76. The floating 
header 70 aforementioned has two functions. It serves 
on the one hand to recover the undiffused stream 
which flows out of the first-passage columns towards 
the inlets of the second-passage columns and serves on 
the other hand to secure the top tube plates 52 of the 
tube bundle so as to form a rigid assembly. 2 0 

The operation of the diffuser is as follows. The isoto-
pic mixture to be treated (high-pressure stream) is 
introduced into the peripheral chamber 14 through the 
nozzle 26. The isotopic mixture passes through the 
first-passage sectors, that is to say through the sectors 25 
6c, 6d in the case of the figure, and through a third 
sector which is not shown in FIG. 1. Part of the isotopic 
mixture which is enriched in the light isotope passes 
through the tubes 42 and again reaches the interior of 
the enclosure 4. This part of the stream is discharged 30 
through the low-pressure shaft 10. The part of the flux 
which has not diffused is collected by the floating 
header 70 and directed to the inlets of the second-pas-
sage sectors (sectors 6b, 6a and a third sector which is 
not illustrated). The isotopic mixture passes through 3 5 
the columns 42 of said sectors. The undiffused portion 
of the stream is collected in the peripheral chamber 12 
and is discharged at medium pressure through the noz-
zle 24. The diffused portion of the stream again reaches 
the enclosure 4 and is discharged at low pressure 
through the shaft 10. 4 0 

It has been assumed in the foregoing description and 
in the accompanying drawings that the diffuser is in the 
vertical position. As is readily apparent, it may be 
found necessary to employ the diffuser in an oblique or 
horizontal position and it would clearly not constitute 45 
any departure from the scope of the invention to make 
use of the diffuser in such a position. 

The advantages of a diffuser as hereinabove de-
scribed can clearly be seen from the figure. By virtue of 
the fact that a plurality of passages are available for any 50 
given diffusion surface, the diffuser has a smaller 
height. The floating header permits free expansion of 
the columns in the lengthwise direction whereas this 
would not be possible if provision were made for a top 
tube plate rigidly fixed to the enclosure as in the diffus- 5 5 
ers of the prior art. Furthermore, the arrangement of 
the columns in sectors permits much easier positioning 
and repair of the porous barriers. 

In fact, disassembly of the sectors is a very simple 
operation since the top tube plates are bolted onto the 6Q 
underface of the floating header and since the bottom 
tube plates are bolted onto the bottom end-wall of the 
cylindrical enclosure. It is in any case possible to re-
place the bolts by any other mechanical connection 
means of a demountable type. 

What we claim is: 6 5 

1. A multi-passage diffuser for isotopic separation of 
air isotopic mixture comprising a leak-tight cylindrical 
enclosure cover closing the top of said enclosure, an 

end-wall closing the bottom of said enclosure, a plural-
ity of parallel rectilinear tubes in said enclosure of 
porous material through which the isotopic mixture is 
circulated, parallel to an axis of said enclosure, means 
for grouping said tubes together in sectors each sector 
having a plurality of tubes, top and bottom perforated 
tube plates for each sector receiving the ends of the 
tubes of the sector, clamping members uniformly 
spaced along the tubes of each sector rigidly coupling 
the tubes of each sector, said sectors being disposed at 
uniform intervals around the interior periphery of said 
enclosure, a floating annular header in said enclosure, 
said top perforated tube plates being rigidly fixed to 
said annular header, said header being a half-torus, an 
orifice in said header opposite each of said top tube 
plates establishing communication between said header 
and said tubes of the corresponding one of said sectors, 
said bottom tube plates being rigidly fixed to said end-
wall of said enclosure, orifices in said end-wall opposite 
each of said bottom tube plates, passages constituted 
by a plurality of juxtaposed sectors in which the mix-
ture circulates in the same direction, radial portions in 
said header dividing said header into portions, each of 
said portions containing said orifices corresponding to 
said sectors constituting two adjacent passages, leak-
tight chambers beneath said end-wall, top walls for said 
chamber constituted by said end-wall, orifices for each 
of said chambers corresponding to said sectors of two 
adjacent ones of said passages opening into two differ-
ent portions of said header, two of said chambers being 
collector-chambers, each of said collector-chambers 
communicating with said sectors of one of the two 
remaining passages, a nozzle for each of said collector-
chambers for introducing the isotopic mixture and for 
discharging the fraction of the undiffused mixture, a 
central orifice for said end-wall opening into the inter-
ior of said enclosure and a shaft connected to said 
central orifice for discharging the diffused fraction of 
the isotopic mixture. 

2. A diffuser according to claim 1, wherein the num-
ber of tubes constituting one of said passages progres-
sively decreases from one of said passages to the next of 
said passages in the direction of circulation of the isoto-
pic mixture. 

3. A diffuser according to claim 1, wherein each of 
said tubes comprises a plurality of tube-sections of 
porous material in end-to-end relation and sleeves rig-
idly coupling said sections together, said sleeves having 
an external diameter larger than the external diameter 
of said tubes. 

4. A diffuser according to claim 1, wherein said tubes 
of any one of said sectors are spaced at uniform inter-
vals within a circular ring and said sectors have the 
same shape. 

5. A diffuser according to claim 1, wherein said 
clamping members engage said tubes at the level of 
each of said coupling sleeves. 

6. A diffuser according to claim 1, including a space 
between two consecutive ones of said sectors, elastic 
keying means in each of said spaces, each of said de-
vices having a portion rigidly fixed to said clamping 
members of two consecutive ones of said sectors and a 
portion moving in a radial direction of said enclosure 
and elastic means applying said movable portion 
against said enclosure. 

7. A diffuser according to claim 1, including de-
mountable mechanical connection means rigidly secur-
ing said top and bottom plates respectively to said float-
ing header and to said end-wall. 


