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9 (Claims. (C. 233-35) 

This invention relates to apparatus for causing two 
fluids, substantially insoluble in each other and of differ 
ent specific gravity, to flow countercurrently in contact 
with one another. More particularly, the invention re 
lates to an improved centrifugal apparatus for this pur 
pose. 
A centrifugal apparatus for this purpose, as made here 

tofore, comprises a hollow centrifugal rotor containing 
a series of mantles, usually cones or cylinders, which are 
concentric to the rotor axis and spaced from each other 
to form annular interspaces in the interior of the rotor, 
these interspaces being in communication with each other. 
The rotor also has an inlet for leading the relatively light 
fluid to an interspace at a relatively great distance from 
the rotor axis, another inlet for leading the heavy fluid to 
an interspace situated relatively near the rotor axis, an 
outlet for the light fluid from a chamber near the rotor 
axis, and an outlet for the heavy fluid from a chamber 
near the rotor periphery. 
Apparatus of the type described above are advantage 

ously used as extractors or evaporators. In extractors, the 
contact usually takes place between two liquids, and in 
evaporators between a gas or vapor and a liquid. As ex 
amples of extraction may be mentioned recovery of anti 
biotics from fungus worts and washing of gas with liquid. 
Certain washing processes, such as washing of paraffin 
recovered from mineral oils, and washing of soap with 
an electrolyte solution in the manufacture of soap, may 
also be included in this group. As examples of evapora 
tion may be mentioned concentration of black liquor 
from the making of paper pulp according to the sul 
phate method, and concentration of sugar juice. 

In Some cases, the mantles of such an apparatus have 
been perforated. This has caused the disadvantage that 
short cuts of radial flow are formed through the various 
mantle interspaces, so that the same good contact between 
the various fluids has not been obtained throughout the 
axial length of the mantle interspaces. 
The present invention has for its principal object to 

overcome this disadvantage and not only to secure good 
contact between the various fluids throughout the axial 
length of the mantle interspaces but also to bring about 
improved contact between the two fluids by causing them 
to sweep one another along a longer path than has been 
possible heretofore within a corresponding space in an 
apparatus of the above type. 

According to the invention, channels are formed in the 
annular interspaces provided by the concentric mantles, 
the channel in each interspace extending in the form of a 
spiral or screw in a direction from one end of the rotor 
to the other, as counted axially. This causes the various 
fluids to flow through the respective interspaces in their 
entire axial length, and along a screw-shaped path, be 
fore entering the next interspace. By providing the screw 
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shaped channel with a suitable pitch, the length of the 
channel may be made as much greater as desired than 
the axial length of the interspace, so that the channel 
length becomes in effect a multiple of the axial length. 
The treating effect depends substantially upon the tur 

bulence which the two fluids cause when they contact or 
sweep one another during the flow. In case of two 
liquids, a mixing of them is obtained in the boundary 
layer. The higher the speed gradients, the stronger the 
mixing effect and, therefore, the extracting effect. How 
ever, in the more peripheral parts of the rotor, the sepa 
rating effect is stronger due to the centrifugal force being 
greater there than in the central parts. This means that 
the mixing effect is more strongly counteracted by the 
centrifugal force in the peripheral parts of the rotor be 
cause the separating effect is greater there than in the 
central parts of the rotor. Consequently, the flow speeds 
of the two fluids must be kept proportionally higher in 
the peripheral parts of the rotor, if the treating effect de 
sired is to be attained. This can be obtained by reducing 
the channel throughflow areas toward the periphery of 
the rotor. The reduction of the channel area can, in prin 
ciple, be made in two ways. Either the distances between 
the mantles are reduced toward the periphery of the rotor, 
or the pitch of the screw-shaped channels in the inter 
spaces is reduced toward the periphery of the rotor. In 
practice, it is advantageous to combine both these meas 
ures. In that case, the throughflow area of a channel is 
given a size varying between 

A. 

r' and r 
4. 
2.5 

preferably between 
4. 4. 

r0, and r2 
in which A represents a constant and r the distance of 
the channel area from the rotor axis. 
When treating sludge-containing liquids, it may be de 

sirable to make the mantles in the form of cones with 
substantially the same cone angle, in order to facilitate 
sliding of the separated sludge along the mantle surfaces 
and out toward the periphery of the rotor. In such cases, 
the cones are inserted in the rotor in such a way that their 
narrow ends alternate with their wide ends at one and 
the same end part of the rotor, so that the sludge, as seen 
in an axial section through the rotor, will follow an in 
clined zigzag path out toward the periphery of the rotor. 
Also, in such cases it is desirable that the screw form of 
the channel in an interspace have such a pitch that the 
cross sectional area of the channel remains constant. The 
flow speeds will thus be unchanged throughout the inter 
Space. - 

Although the present invention is applicable theoreti 
cally to an apparatus in which two or more interspaces 
are connected in parallel, it is preferable, in order to gain 
a good treating effect, that the interspaces communicate 
with each other in series so that a long treating path is 
obtained. In that case, the necessary communication 
openings are arranged at the ends of the mantles. In 
view of the increased flow resistance at the communica 
tion openings, it is desirable that the openings in a mantle 
end have at least the same total area as the cross sectional 
area of one channel. 



3,108,953 
3. 

A fluid discharging from the apparatus should, of course, 
be as free as possible from the other fluid. For this reason, 
clean-separating zones may be provided at the end of the 
flow path of each fluid. This can be obtained by an ar 
rangement in which the inlet for the light fluid opens into 
an interspace which is situated at a distance of one or 
more interspaces from the periphery of the rotor, while 
the inlet for the heavy fluid opens into an interspace situ 
ated at a distance of one or more interspaces from the 
rotor axis. In this way, the interspaces situated nearest 
the periphery and nearest the axis of the rotor, respectively, 
will serve as clean-separating chambers for the heavy fluid 
and the light fluid, respectively. 
The screw-shaped channels may be formed of spiral 

strips or bands which are arranged as flanges on the 
mantles, as by welding them to the inner or outer surfaces 
of the mantles. To facilitate manufacture and dismantling, 
however, it is desirable to insert bands of spiral or screw 
shape loosely in the annular interspaces and, possibly, to 
hook their ends to the mantles. In so doing, the band 
should by its width cover the entire distance between ad 
jacent mantles so that the various fluids must follow the 
channel. Otherwise, slots will be formed between the 
band edges and the mantle walls, through which slots a 
fluid following a mantle wall takes short cuts axially 
through the corresponding mantle interspace, from one 
end of it to the other. These short cuts will be located 
within one and the same fluid layer and therefore will not 
be useful to produce mixing of the various fluids. 

In order that the desired layer formation of the various 
fluids in the channels may take place in the manner in 
tended, it is preferable to provide the communication open 
ings with overflow outlets at a level located a distance into 
the respective interspaces, as reckoned radially. 
The desired treating effect is dependent upon the inti 

mate contact into which the two fluids come with one 
another. The interfluid contact can be enhanced by caus 
ing extra turbulences of them at certain points. This can 
be done by providing the spiral or screw-shaped members, 
which form the channels, with openings located in the 
central portion of the width of these members. The dif 
ferent fluids thus flow in opposite directions through such 
openings, with resulting turbulence-formation. The open 
ings provide short cuts, however, for the two fluids so 
that the effective channel path is shortened. This can be 
counteracted by reducing the pitch of the screw-shaped 
channels. 
A further measure for causing more intimate contact 

between the different fluids consists in making the inter 
spaces, at their end portions as counted axially, free from 
channel-forming screw-shaped members. That is, the 
spiral flanges, bands, or the like, start and terminate at a 
distance from the inner end walls of the rotor chamber. 
In the free spaces thus formed, a sliding of the two fluids 
takes place, owing to the rotation, whereby a good mixing 
of them is obtained. 
Another measure for obtaining more intimate intermix 

ing of the two fluids, and thus good contact between them, 
consists in providing the channels with projections throt 
tling the cross sectional area of the channels in the axial 
direction. This can be done by welding projecting plate 
pieces to the flanges, bands or other spiral members, which 
pieces stand out from the surfaces of these members. An 
improvement of the mixing effect is obtained if the pro 
jections extend obliquely in relation to the radial direction. 

In reference to the above-mentioned communication 
openings between the various interspaces, it has been as 
sumed that the two fluids pass through these openings at 
the same time in opposite directions. This causes, of 
course, a mixing of the two fluids. If it is desired, how 
ever, that the fluids flow into the various interspaces with 
out such a mixing effect, the communication openings may 
be made so that they open into the interspaces at a level 
which is situated a distance into the respective interspaces, 
as counted radially. 
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4. 
The invention is described more in detail below, refer 

ence being made to the accompanying drawings, in which 
FIG. is a vertical sectional view of the right-hand 

half of one embodiment of the invention; 
FIG. 2 is a similar view of another embodiment of the 

invention; 
FIG. 3 is an enlarged plan view of part of one of the 

spiral bands shown in FIG. 1; 
FIGS. 4 and 5 are enlarged detail views illustrating 

alternative arrangements of the spiral bands in FIG. 1, the 
bands being shown in edge view against parts of the cor 
responding surrounding mantles; 
FIG. 6 is an edge view of parts of spiral bands as seen 

from the rotor periphery, showing projections carried by 
the bands for increasing the inter-mixing of the different 
liquids; - 

FIG. 7 is a plan view of part of one of the spiral bands 
illustrated in FIG. 6, showing a modified arrangement of 
the projections; and 

FIG. 8 is a vertical sectional view of part of another 
embodiment of the invention, showing a different arrange 
ment of the communication openings between the various. 
mantle interspaces. 

In FIG. 1, the rotor is designated by reference numeral 
1. The rotor has a cover 2 retained by means of a lock 
ing ring 3 and is driven by a vertical hollow spindle 4. 
It is possible, however, to arrange the rotor and spindle 
for rotation about a horizontal axis. In the interior of 
the rotor, concentric mantles or cylinders 5 are secured 
at their ends to end parts 6 and 7, the spacing between 
adjacent mantles decreasing toward the periphery of the 
rotor. As shown, there are ten cylinders 5. The annular 
interspaces 8 formed by the cylinders communicate with 
each other by means of holes or communication openings 
9 situated at the end portions of the cylinders. 

In the following, it is assumed that an extraction 
process is carried out in the apparatus described, light 
liquid being fed into the rotor through a channel 10 
which is formed by the interior of a pipe i inserted 
concentrically in the hollow spindle 4. From the chan 
nel 10, the light liquid enters an interspace 12 between 
the lower end part 6 and a plate 13, where the liquid 
is brought into rotation by radially extending vanes, 
one of which is shown at 12a, and flows outward to a 
circular series of openings in end part 6 which lead to 
the second outermost of the interspaces 8, one of these 
openings being shown at 4. Heavy liquid is fed through 
a channel 15, which is annular in cross section and 
formed of cylindrical, concentric flanges on the cover 
2 and the upper end part 7, the channel 15 leading to 
the second innermost of the cylinder interspaces 8 through 
a circular series of openings in the end part 7, one of 
these openings being shown at 16. The two liquids 
now pass through the various interspaces 8 countercur 
rently, the light liquid in each interspace forming an 
inner cylindrical layer, and the heavy liquid an outer 
cylindrical layer. Through each hole 9, the liquids flow 
in opposite directions to one another so that the light 
liquid travels from interspace to interspace radially in 
ward, while the heavy liquid passes through the various 
interspaces radially outward. Finally, the light liquid 
is collected in a hollow space 17 formed within the inner 
most cylinder and is discharged through a channel 19 by 
means of radial vanes i8 arranged in the hollow space. 
In the innermost of the interspaces 8, as well as in the 
hollow space 17, a clean-separation of the light liquid 
takes place. The separating effect may be improved by 
replacing the vanes 18 with a set of conical discs (not 
shown). The heavy liquid, on the other hand, is clean 
separated by the time it has passed through the outer 
most of the interspaces 8 and through a space 20 situated 
between the outermost cylinder 5 and the periphery of the 
rotor. From the outer space 26, the heavy liquid passes 
the outer edge 21 of the plate 13 and fows inward 
through the interspace 22 formed between plate 13 and 
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the rotor bottom, and then out through the channel 23 
of annular cross section formed by the spindle 4 and the 
pipe 1. The interspace 22 may be provided with radial 
vanes, one of which is shown at 22a, leading the liquid 
inward toward the spindle 4. The inlets 10 and 15 and 
the outlets 19 and 23 may be hermetically connected 
though conventional sealing means to corresponding 
stationary pipe lines (not shown), whereby the liquids 
may be fed into the rotor by means of pumps producing 
the pressure desired in the feed lines. 
To prevent the interspaces 8 from being filled substan 

tially with only one of the liquids or the other, which 
may impair the efficiency of an extraction made in the 
rotor, overflow outlets for one or both of the liquids 
may be arranged near the holes 9 So that a certain layer 
thickness for one or both of the liquids is obtained in 
each interspace 8. For this purpose, annular flanges 24 
may be provided on the inside or the outside, or both, 
of the various cylinders along their peripheries. As 
shown, a flange 24 extends into each interspace 8 from 
each of the bordering cylinders 5, so that the heavy 
liquid must flow over an inwardly extending flange 24 
just before reaching a hole 9, and the light liquid must 
flow over an outwardly extending flange 24 just before 
reaching a hole 9. 
In order to intensify the extraction, a long path of 

contact is established between the liquids by means of 
spiral bands 25 inserted in the cylinder interspaces 8 
and extending in the form of screws along the cylin 
drical surfaces of the cylinders from their upper to their 
lower end portions. Because the separating effect exerted 
by the centrifugal force upon the liquids increases toward 
the periphery of the rotor, the cross sectional area of 
the spiral or screw-shaped channels 26 formed by the 
bands 25 must be made smaller in the outer interspaces 8 
so that the flow speed of the liquids is higher, if it is 
desired to attain an equally intensive mixing of the liquids 
and thereby an equally good extraction in all the inter 
spaces. This is so because the forces acting to mix the 
liquids are increased through the speed gradients thus 
increased between the liquids, whereby a counteractant is 
obtained to the increased separating effect. The reduced 
spacing between the outer cylinders makes the channel 
area smaller, but in addition to this the channel area can 
be further reduced by reducing the pitch of the screw 
shaped bands. Bands may be inserted in the chamber 
20, in the same manner as the bands 25 in the inter 
spaces 8. 
The embodiment shown in FIG. 2 is suitable for treat 

In this 
embodiment, which is essentially similar to the embodi 
ment according to FIG. 1, the cylinders 5 are replaced 
by slightly conical mantles 27. The wide and narrow 
ends of these mantles are alternately engaged with the 
same end part 6a or 7a, so that the sludge (which is 
assumed to be heavier than the heavy liquid) will be en 
trained by the heavy liquid flow along a generally zig 
zag path along the surfaces of the mantles 27 from 
the inlet holes 6 in the end part 7a and out to the 
holes 9 in the outermost mantle. From the latter, the 
sludge is carried along the inside of the rotor wall 
to the edge 2i and is discharged with the heavy liquid 
through the outlets 22, 23. With the conical mantles 27 
as shown, the sludge path along the inner Surfaces of 
the mantles is in a radially outward direction through 
out, thus facilitating outward flow of the heavy sludge. 
As it is desirable to keep the flow speed in one and 

the same mantle interspace 8a fairly equal, the pitch 
of the corresponding spiral band 25a must be varied 
owing to the conicity of the mantles 27. More partic 
ularly, this pitch must be varied so that it becomes smaller 
in the wider part of the respective interspace, whereby 
the channel area 26a in one and the same interspace is 
substantially constant. 
The communication openings 9 are distributed around 
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6 
the peripheries of the mantles. By providing these open 
ings in sufficiently large number, the Sum of the areas 
of the openings may be made at least as large as the 
cross sectional area of one of the channels 26a which they 
connect. This ensures that the channels 26a in the vari 
ous interspaces will merge with each other without a 
throttling effect. 
As shown in FIG. 3, each spiral band 25 may be pro 

vided with radially extending slots 28 permitting the 
liquids to take short cuts from a channel convolution 
to the next one lying above or below. The purpose 
of this is to intensify the extraction process by further 
mixing up of the liquids. The reduction of the path 
of inter-liquid contact, which is the result of these slots, 
may be counteracted by a corresponding reduction of 
the band pitch. 

In FGS. 4 and 5, we have shown two alternatives as 
regards the extension of the spiral or screw-shaped bands 
25 to the rotor end parts. In FIG. 4, the bands 25 are 
shown extending up to the upper end part 7, whereby 
they will contribute to bringing the liquid, which enters 
the corresponding interspace 8, into rotation. As shown 
in FIG. 5, however, the portion of the interspace 8 near 
the upper end part 7 is free from bands. The purpose 
with the latter measure is to cause sliding of the liquids 
entering an interspace, so that an increased mixing and 
an intensified extraction are obtained. 
The bands 25 in FIG. 6 are shown with attached pro 

jections 29 extending over the whole or part of the band 
width and secured to the flanges, preferably through Weld 
ing, by means of flanges 30 on the projections. The 
projections thus throttle the channel throughflow area, 
as counted in the axial direction of the rotor, so as to 
cause an increased mixing of the liquids. 

In FIG. 6, it has been assumed that the projections 
29 extend in the radial direction of the rotor. A de 
sired improved mixing of the liquids may be obtained, 
however, of the projections 29, as shown in FIG. 7, are 
arranged to extend obliquely in relation to the radial 
direction. The dash-dotted line 31 in FIG. 6 indicates 
the boundary surface between the two liquids, while 
the arrows show how one liquid or the other is deflected 
by the projections 29. This disturbance of the liquid layer 
formation contributes to the mixing of the liquids. 

In case of a low surface tension between the two 
liquids, too intensive a mixing, as at the mantle ends, 
may cause formation of an emulsion which is difficult 
to separate. In FIG. 8, we have shown an embodiment 
for avoiding such mixing and emulsion formation as the 
liquids pass from one interspace 8 to the next. In the 
embodiments described above, the different liquids must 
pass one another in opposite directions through the holes 
9, while being mixed with one another. More exactly, 
when the hole size is moderate, one liquid passes through 
certain holes 9 and the other liquid through the other 
holes, one liquid passing through a layer of the other 
liquid after it has passed through a hole. If it is de 
sired to avoid this, the holes 9 are caused to open at 
a level (as counted radially) which is displaced a distance 
into the next interspace, as by means of pipe sockets 32 
or the like. Because the pipe sockets 32 extend alternately 
from one side and the other of a mantle 5, either liquid 
will pass to the corresponding liquid layer in the adja 
cent interspace without being mixed with the other liquid 
to any substantial degree. The effect of this arrange 
ment is improved by maintaining fixed liquid levels in 
the interspaces 8 by means of the flanges 24 mentioned 
earlier. 

According to the invention, it is also possible to intro 
duce into the apparatus a third fluid which is soluble 
in one or both of the other fluids. The supply of the 
third fluid should take place in a mantle interspace situ 
ated between those interspaces into which the other fluids 
are introduced. 

It may finally be mentioned that in treating sludge 
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containing liquids, it may be desirable to facilitate re 
moval of the sludge from the rotor by providing the 
rotor wall with outlet nozzles (not shown), as in cen 
trifugal separators. 
We claim: 
1. In a centrifugal apparatus for flowing two fluids 

of different specific gravity in contact with each other 
countercurrently, the combination of a hollow rotor hav 
ing opposite end portions and a series of mantles dis 
posed between said end portions concentrically to the 
rotor axis and spaced radially from each other to form 
a series of annular interspaces terminating at said end 
portions, said interspaces including innermost and outer 
most interspaces and intermediate interspaces, the rotor 
defining four separate passages, namely, a light fluid inlet 
passage leading directly only to an outer one of said 
intermediate interspaces, a heavy fluid inlet passage lead 
ing directly only to an inner one of said intermediate 
interspaces, a light fluid discharge passage leading di 
rectly from said innermost interspace and a heavy fluid 
discharge passage leading directly from said outermost 
interspace, the rotor having additional passages at one 
end portion connecting each alternate interspace to the 
next Outer interspace and also having additional passages 
at the other end portion connecting each said alternate 
interspace to the next inner interspace, the rotor mantles 
being substantially imperforate between each said addi 
tional passage and the remote end portion of the rotor 
whereby the interspaces are interconnected in series 
through said additional passages, and spiral members dis 
posed in said annular intermediate interspaces with the 
turns of said members extending generally radially of 
the rotor axis to form channels spiralling screw-fashion 
around the rotor axis from one of said end portions to 
the other, whereby each fluid flows in countercurrent in 
tercontacting relation to the other fluid through the in 
termediate interSpaces by way of said spiral channels and 
thence to its corresponding discharge passage by way of 
an interspace which is substantially free of the other 
fluid. 

2. Apparatus according to claim 1, in which the 
throughflow area of each channel has a size varying be 
Ween 

4. 4. 
r0 and r26 

in which A represents a constant and r the distance of 
the channel area from the rotor axis. 

3. Apparatus according to claim 1, in which the 
throughflow area of each channel has a size varying be 
tWee 

A. 

r0.5 and r2 
in which A represents a constant and r the distance of 
the channel area from the rotor axis. 

4. Apparatus according to claim 1, in which the man 
tles are cones, each spiral channel in each interspace hav 
ing a varying pitch to provide the channel with a sub 
stantially constant throughflow area. 

5. Apparatus according to claim 1, in which said addi 
tional passages form between each interspace and an 
adjacent interspace a throughflow area of at least the 
Same area as the throughflow area of an adjacent 
channel. 

6. In a centrifugal apparatus for flowing two fluids 
of different Specific gravity in contact with each other 
countercurrently, the combination of a hollow rotor hav 
ing opposite end portions and a series of mantles disposed 
between said end portions concentrically to the rotor 
axis and spaced radially from each other to form a 
Series of annular interspaces terminating at said end 
portions, the rotor defining four separate passages, 
namely, a light fluid inlet passage leading to an outer 
interspace located at a substantial distance from the 
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S. 
rotor axis, a heavy fluid inlet passage leading to an in 
terspace located nearer said axis than said outer inter 
space, a light fluid discharge passage leading from an 
interspace near the rotor axis, and a heavy fluid dis 
charge passage leading from an interspace near the rotor 
periphery, the rotor having additional passages at one 
end portion connecting each alternate interspace to the 
next outer interspace and also having additional passages 
at the other end portion connecting each said alternate 
interspace to the next inner interspace, the rotor man 
tles being substantially imperforate between each said 
additional passage and the remote end portion of the 
rotor whereby the interspaces are interconnected in series 
through said additional passages, and spiral members 
disposed in said annular interspaces with the turns of 
Said members extending generally radially of the rotor 
axis to form channels spiralling screw-fashion around the 
rotor axis from one of said end portions to the other, 
said spiral members having openings forming short-cut 
paths between adjacent turns of said spiral channels. 

7. In a centrifugal apparatus for flowing two fluids 
of different specific gravity in contact with each other 
countercurrently, the combination of a hollow rotor hav 
ing opposite end portions and a series of mantles dis 
posed between said end portions concentrically to the 
rotor axis and spaced radially from each other to form 
a series of annular interspaces terminating at said end 
portions, the rotor defining four separate passages, namely, 
a light fluid inlet passage leading to an outer interspace 
located at a substantial distance from the rotor axis, 
a heavy fluid inlet passage leading to an interspace lo 
cated nearer said axis than said outer interspace, a light 
fluid discharge passage leading from an interspace near 
the rotor axis, and a heavy fluid discharge passage lead 
ing from an interspace near the rotor periphery, the 
rotor having additional passages at one end portion con 
necting each alternate interspace to the next outer inter 
space and also having additional passages at the other 
end portion connecting each said alternate interspace to 
the next inner interspace, the rotor mantles being sub 
stantially imperforate between each said additional pas 
sage and the remote end portion of the rotor whereby 
the interspaces are interconnected in series through said 
additional passages, spiral members disposed in said an 
nular interspaces with the turns of said members ex 
tending generally radially of the rotor axis to form chan 
nels spiralling screw-fashion around the rotor axis from 
one of said end portions to the other, and projections 
on said spiral members extending into said channels for 
throttling their throughflow areas. 

8. Apparatus according to claim 7, in which each of 
said projections extends obliquely relatively to an in 
tersecting radius from the rotor axis. 

9. In a centrifugal apparatus for flowing two fluids of 
different specific gravity in contact with each other 
countercurrently, the combination of a hollow rotor hav 
ing opposite end portions and a series of mantles dis 
posed between said end portions concentrically to the 
rotor axis and spaced radially from each other to form 
a series of annular interspaces terminating at said end 
portions, the rotor defining four separate passages, 
namely, a light fluid inlet passage leading to an outer 
interspace located at a substantial distance from the rotor 
axis, a heavy fluid inlet passage leading to an inter 
space located nearer said axis than said outer interspace, 
a light fluid discharge passage leading from an inter 
space near the rotor axis, and a heavy fluid discharge 
passage leading from an interspace near the rotor pe 
riphery, the rotor having additional passages at one end 
portion connecting each alternate interspace to the next 
outer interspace and also having additional passages at 
the other end portion connecting each said alternate 
interspace to the next inner interspace, the rotor man 
tles being substantially imperforate between each said 
additional passage and the remote end portion of the 
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rotor whereby the interspaces are interconnected in series 
through said additional passages, and spiral members 
disposed in said annular interspaces with the turns of 
said members extending generally radially of the rotor 
axis to form channels spiralling screw-fashion around 
the rotor axis from one of said end portions to the 
other, the radial spacing between said mantles and the 
pitches of the respective spiral members being corre 
lated to provide the spiral channels with cross-sectional 
areas which decrease toward the rotor periphery. 
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