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The present invention relates to pneumatic drying meth 
ods of the kind wherein a divided material to be dried is 
suspended in and conveyed by a drying gas stream through 
a conduit at the outlet of which it is separated within an 
appropriate separator from the drying gas which may be 
partly returned to the inlet of the said conduit after hav 
ing been re-heated and/or mixed with hot gas. The dis 
advantage of these drying methods is the considerable, 
length which is to be given to the drying conduit for ob 
taining a dry product at the outlet thereof. This may be 
obviated by re-cycling a portion of the material from the 
outlet of the conduit in such a manner that an average 
particle of the material may have effected a plurality of 
passages through the conduit before leaving the drier. 
The re-cycling of the drying gas causes a marked in 

crease of the gas flow through the drying conduit, where 
by the latter should be given a relatively large diameter. 
The drying apparatus becomes cumbersome and the su 
perficial heat losses are high. In the case of sticky Sub 
stances which have a tendency to adhere onto the walls 
the drier has to be cleaned at frequent intervals, and this 
is quite a difficult operation in the case of the drying 
conduit. 

It is also difficult to re-cycle preferentially the still wet 
particles at the end of the drying conduits and therefore 
the residual moisture content of the treated material ex 
tracted from the separator is far from uniform. Finally 
the known pneumatic driers operate as homo-current ap 
paratus, viz. with the drying and the treated material 
flowing in the same direction, which is not a favourable 
condition for satisfactory thermic exchanges. 

it is an object of the present invention to provide a 
drying method which will avoid the above disadvantages. 
In accordance with this invention the drying gas stream 
in which the divided material to be treated is suspended 
passes upwardly through a re-cycling chamber in such a 
manner as to cause the formation within the said cham 
ber of re-cycling gas whirls comprising an ascending axial 
path and descending peripheral paths which carry with 
them some of the particles of material suspended in the 
gas which enters the chamber, while the gas which leaves. 
the upper portion of the said re-cycling chamber prefer 
entially carries along the dried particles towards a sep 
arator. 

in accordance with another feature of this invention 
the gas whiris within the re-cycling chamber are further 
imparted an angular motion about the vertical axis of the 
chamber by a substantially tangential admission into the 
said chamber of an additional quantity of drying gas in 
Such a manner that the gas which flows downwardly along 
the walls of the re-cycling chamber with particles of ma 
terial in suspension therein is caused to follow a spiral 
path which increases the time of contact between the gas 
and the particles and gives rise to centrifugal forces which 
act on the still moist and heaviest particles to prevent the 
same from being carried axially by the gas which leaves 
the re-cycling chamber. 
The re-cycling chamber may conveniently comprise an 

axial injector unit, preferably formed of a plurality of 
elements, and through which the drying gas stream is 
caused to pass. The upper element of this injector unit 
is preferably flaring upwardly in order to realize a pro 
gressive decrease of the velocity of the axially ascending 
gas Stream whereby the heavy particles (in practice those 
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2. 
which still contain a substantial percentage of moisture) 
are prevented from being carried along upwardly by the 
gas which leaves the re-cycling chamber. The selection 
between the heavy and the light particles may be adjusted 
by varying the distance between the upper end of the in 
jector unit and the outlet of the re-cycling chamber. 

Calibrated balls may be disposed in the re-cycling 
chamber where they are maintained in suspension in the 
air flow without being carried along by the air which 
leaves the said chamber. These balls stop and break the 
particles of the treated material, they improve the trans 
mission of heat between the hot air and the material and 
they further prevent the heaviest particles from being 
carried outwardly under the action of their kinetic energy. 
The invention further concerns an apparatus for the 

carrying into practice of the above mentioned drying 
proceSS. 

In the annexed drawings: 
FIG. 1 is a vertical section of a first embodiment of 

this invention, comprising a single re-cycling chamber 
with a multiple injector unit. 

FIG. 2 is a cross-section thereof taken along line 
- of FEG. I. 
FIG. 3 is a vertical section of another embodiment 

comprising two re-cycling chambers disposed in series. 
The pneumatic drier for divided material as illustrated 

in F.G. 1 comprises a main blower 2, which draws drying 
air from a hot air generator 2 and forces this air into a 
main conduit 3. This conduit 3 is connected through an 
upwardly directed axial nozzle 4 with the lower end of 
the conical lower portion 5a of a re-cycling chamber 5. 
The re-cycling chamber 5 is in turn connected by an ex 
haust conduit 6 with a conventional centrifugal separator 
7. As illustrated, conduit 6 opens axially in the upper 
end of chamber 5 and it is of course tangent with respect 
to separator 7. The air outlet of separator 7 is con 
nected with an exhaust blower 8, while the separated 
solid material is withdrawn by means of a conventional 
air-lock 9. A branch pipe G extends between the main 
air conduit 3 and a tangential air inlet 6a provided in 
the upper portion of the re-cycling chamber 5, as shown 
in FIG. 2. The air inlet of the main blower a supports 
an air-lock 2 on which is mounted a feed-hopper 13 
adapted to receive the material to be treated. 
The re-cycling chamber 5 comprises an inner axial 

multiple injector unit formed of a number of successive 
downwardly flaring frusto-conical elements 24, 15 and 16 
with the Smaller end of each element engaged into the 
lower end of the next one and connected with the latter 
by means of appropriate radial arms. The third element 
16 is in one with an upwardly flaring upper element 17 
and the unit thus formed rests on lower hooks 18 which 
Support the larger end of the lower element 4, while the 
upper element 7 of the said unit is maintained by means 
of a lateral vertical rod 19 which is passed through the 
upper end of chamber 5 and is adjustably retained by 
nults 29. 
A sleeve 25 is slidably disposed within the inlet end 

of the exhaust conduit 6, the lower end of the said sleeve 
carrying a downwardly flaring member 22. This sleeve 
2 is suspended by means of appropriate inner arms to 
a vertically slidable rod 23 which is passed through the 
curved Wall of conduit 6 and which is itself attached 
to a vertical rack 24, the latter being in mesh with and 
adjusting pinion 25. 
A grid 26 is disposed in the restricted passage situated 

between the injector elements 16 and 17, and the grid 
normally supports balls 27 (which have been illustrated 
in FiG. 1 as lifted by the ascending air stream). 
The operation is as follows: 
Neglecting the branch pipe 10 and supposing the inlet 
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airlock 2 is at standstill, it will be appreciated that the 
main blower forces hot air from the hot air generator 
2 through the main conduit 3, the re-cycling chamber 
5, the exhaust conduit 6, the centrifugal separator 7 and 
the exhaust blower 3, the air fow being uniform along 
this path. it may therefore be said that conduits 3 and 
6 form a single pneumatic conveyor line whereon cham 
ber 5 is inserted. 
The air jet which issues vertically from nozzle 4 passes 

axially through the injector elements 14, 15, 16 and 17 of 
the multiple injector unit. Under the action of this air 
jet, this injector unit draws air from the periphery of 
chamber 5 and the air flow at the outlet of element 17 
is much greater than at the outlet of nozzle 4 or through 
conduit 3. Since the air flow through conduit 6 is equal 
to the flow through conduit 3, a substantial portion of 
the air issuing from element 17 is compelled to flow 
downwardly in the annular or peripheral space between 
the outer wall of chamber 5 and the axial multiple in 
jector unit. In other words the air whirls within chamber 
5 upwardly in the central portion and downwardly along 
the periphery thereof. 
Owing to the relatively small cross-section of the 

branch pipe 10, the additional air flow which enters the 
re-cycling chamber 5 through the lateral opening 10a 
does not substantially modify the above-described opera 
tion. But this tangential air admission causes the air 
to rotate in the annular space of chamber 5 about the 
multiple injector unit 14-17 and therefore the air flows 
in a spiral path from the upper end of the upper ele 
ment 17 towards the lower end of any one of the lower 
elements 14, 15 and 16, where it re-enters the injector 
unit under the sucking action of the latter. The said 
branch pipe 10 also supplies additional hot and dry air 
into the re-cycling chamber. Under the action of the 
ascending air flow, the balls 27 are lifted from their 
Supporting grid 26. Since the velocity of the air stream 
decreases along the upwardly flaring element 17 owing to 
the increase of the cross-sectional area thereof, these 
balls remain at a given level above grid 26, where they 
form a kind of more or less vibrating screen. 

If now the inlet air-lock 12 is started, the divided mate 
rial fails into the inlet 11 of the main blower 1 and it 
is carried along by the air which flows from the hot air 
generator 2. It is thus conveyed in the form of a sus 
pension from the said blower 1 into the injector unit. 
In the upper element 17 the particles of material meet 
the substantially stationary screen formed by the balls 27 
which stop and break the large particles, and prevent 
in any case these particles from issuing at a too high 
speed from the upper element 17. 
The particles of material are submitted to a selective 

action in the upper portion of the upper element 17. The 
heaviest particles, i.e. those with a very high moisture 
content, remain at the level where the balls 27 are sus 
pended in the ascending air stream until they are par 
tially dried. The partially dried particles reach the 
outlet of the upper element 17 at a very low speed and 
are carried along by the air stream which returns down 
wardly in the annular space between the injector unit 
and the wall of the re-cycling chamber. They follow 
a spiral path owing to the rotational movement of the 
air and they are re-cycled into the larger end of one of 
the lower elements 16, 25 or 4, it being noted that here 
again the re-cycling action is selective, the heaviest 
particles being maintained against the chamber wall by 
centrifugal action and being therefore preferentially re 
cycled into the lowermost element 14. The lightest par 
ticles which rise axially with the air stream through the 
upper element 17 are for the most part directly carried 
along by the outgoing air through the exhaust conduit 
6 and into the centirfugal separator 7 to be collected 
through the outlet air-lock 9. 

It is to be noted that in actual practice the air which 
fiows through the branch conduit 10 only contains a very 

5 

O 

4 
small annount of material, since this conduit opens almost 
at 90 near the outlet of the main blower, i.e. in a zone 
in which the still moist and heavy particles pass at a 
relatively high speed and are not readily deviated laterally 
in front of the opening of the said conduit. 
The invention finally realizes the following advantages: 
(1) The drying air is re-cycled within the re-cycling 

chamber 5 wherein the volume of whirling air may be 
considerable without the main blower , the main conduit 
3, the exhaust conduit 6 and the centrifugal separator 7 
having to be designed for such a volume, as in the 
known constructions. 

(2) The re-cycling of the material to be dried is selec 
tive and therefore the dried product is uniform as to its 
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residual moisture content which may be quite low, the 
proportion of undried particles collected in the cen 
trifugal separator 7 being practically negligible. 

(3) The moist material is almost entirely located with 
in the re-cycling chamber 5 which may be easily cleaned 
in the case of Sticky substances. As to the main conduit 
3, it may be as short as desired, in such a manner that 
a single opening may permit an easy access to its inner 
Surface. 

(4) The Successive accelerations and decelerations in 
parted to the particles improve heat-exchange between 
the drying air and the material under treatment and 
enhance the drying effect. 
The adjustment of the sleeve 21 by means of the ad 

justing pinion 25 acts on the selection of the particles at 
the outlet of the upper element 17. Owing to its par 
ticular mounting the injector unit 14, 15, 16 and 17 is 
free to vibrate to a certain degree under the action of the 
air stream, which prevents the particles from sticking on 
the walls of the successive elements. 

It will be not that the material under treatment is al 
Ways Suspended in the drying air. 
The number of elements of the multiple injector unit 

may vary. With divided materials in the form of lumps 
the main blower 1 may be used as a grinder, its outlet 
being vertically disposed directly below nozzle 4 in order 
that the bits of material of too large dimensions may re 
turn into the blower under the action of their weight. 
On the contrary in the case of substances which could 
be damaged by impact against the vanes of the blower, 
'or which could damage the said vanes, the material to 
be dried may be introduced between the blower and the 
recycling chamber, either into the main conduit 3, or 
preferably into the lower end of the recycling chamber 
5. immediately above nozzle 4, as for instance by means 
of an endless screw as indicated in broken lines in FIG. 
1. It will be noted that with this latter disposition the 
material under treatment does no more pass through 
conduit 3 or branch pipe 10, which may be of advantage 
in the case of particularly sticky products. 
The exhaust blower 8 may be suppressed or, conversely, 

it may be so provided as to ensure by itself the air flow 
through the apparatus, blower 1 then being dispensed 
with. 
The embodiment of FIG. 3 is more particularly adapted 

for very sticky substances which require to reduce to a 
minimum the surfaces with which the material under 
treatment may come into contact. For this purpose the 
Inultiple injector unit of the embodiment of FIG. 1 has 
been Suppressed, the re-cycling whirling movement of 
the drying air and of the particles suspended therein being 
only ensured by the action of the axial air jet which 
passes upwardly through the re-cycling chamber, and in 
order to obtain a sufficient total re-cycling in spite of the 
absence of any kind of injector, the apparatus has been 
provided with two re-cycling chambers 28 and 29 dis 
posed in vertical succession. These chambers are of bi 
conical shape. The balls 27 are disposed within the upper 
chamber 29 and their retaining grid 26 is situated at the 
(restricted point of junction of chambers 28 and 29. The 
branch pipe 0 is divided into two portions 10' and 10' 
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which cpen respectively into chambers 28 and 29, their 
Cutlet being somewhat directed upwardly, as shown. 
The exhaust blower 8 is powerful enough for ensuring 
the air flow through the apparatus, which dispenses with 
the main blower i of the embodiment of FIG. 1. The 
dryer of F3. 3 further comprises an additional re-cycling 
air pipe 38 which connects the outlet of the exhaust 
blower 8 with an additional nozzle 35 disposed within 
the nain nozzle 4 and co-axially with respect to the latter. 
When the exhaust blower 8 is in operation, the drying 

air is drawn through the main nozzle 4 under the com 
bined action of the negative pressure created by the blow 
er and of the injector effect of the additional inner nozzle 
31 which receives air under pressure. 
The air jet which rises through both chambers causes 

the formation in each one of a whirling motion of the 
air contained therein, this air rising axially with the 
axial jet and returning downwardly along the wall of each 
chamber. The additional tangential air inlets 3' and 
8' determine general rotational movement of the whiri 

ing air about the vertical axis of the drier. 
In each chamber the particles are submitted to the 

action of gravity (taking into account their vertical 
velocity at the point under consideration), to the action 
of the air flow and to centrifugal force. The lightest 
particles, i.e. those which are relatively dry, are carried 
along from the chamber by the outgoing air, while the 
other ones whirl within the chamber until they have lost 
their moisture content. The upper chamber 29 being 
larger in diameter, the selective effect due to centrifugal 
force is more marked and therefore the centrifugal sep 
arator 7 only receives dry or practically dry particles. 
The balls 27 whirl with the air within the upper chamber 
29 but owing to their weight they are not liable to be 
carried along into the exhaust conduit 6 and they remain 
in the lower portion of the chamber. As in the preced 
ing embodiment they stop and break the particles and 
prevent them from rising through the chamber at a too 
high velocity. 

It will be appreciated that the embodiment of FIG. 3 
could comprise a main blower as in the case of FIG. 1, 
also that the additional re-cycling air pipe 30, the main 
role of which is to supply air under pressure to the inner 
nozzle 3i in order to increase the velocity of the air jet 
through chambers 28 and 29, could be dispensed with, 
more particularly when such a main blower is provided 
between the main nozzle 4 and the heat generator 2. 

claim: 
1. A pneumatic drier comprising means to form a 

stream of relatively hot and dry drying gas; means to in 
troduce into said stream a divided material to be dried 
in the form of substantially discrete particles; a sub 
stantially vertical cylindrical chamber having a lower 
end and an upper end and a lateral wall; outlet means 
connected with the upper end of said chamber Substan 
tially axially thereto; a nozzle opening axially into the 
lower end of said chamber said nozzle receiving said 
stream with said divided material introduced thereinto 
to produce in said chamber an ascending jet of drying 
gas with said particles in suspension therein; a convergent 
divergent injector unit of the Venturi type disposed sub 
stantially axially within said chamber and spaced from 
the lateral wall of said chamber to determine a substan 
tially annular intermediate space between said injector 
unit and said lateral wall; said injector unit having a 
convergent lower element situated above said nozzle, but 
vertically spaced therefrom, and a divergent upper ele 
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6 
ment situated below said outlet means to receive said gas 
jet, to cause same to draw gas from the peripheral zone 
of said chamber and thus to determine a downward re 
cycling flow of gas and particles in said substantially an 
nular intermediate space, and means to separate the dried 
particles from the gas issuing from said outlet means. 

2. In a p12curatic drier as claimed in claim 1, an addi 
tional gas inlet tangentially disposed in the upper portion 
of said chamber; and means to supply to said additional 
inlet hot and dry drying gas substantially free from 
Suspended particles to cause whirling motion of the down 
Ward recycling flow of gas and particles issuing from the 
divergent upper element of said convergent-divergent 
injector unit and to enhance drying of the particles in 
said downward flow. 

3. In a pneumatic drier as claimed in claim 1, means to 
vary the distance between the divergent upper element 
of said convergent-divergent injector unit and said out 
let nieans. 

4. In a pneumatic drier as claimed in claim 1, said out 
let means being in the form of a conduit having a sub 
stantially vertical inlet portion opening in the upper end 
of said chamber; a sleeve slidable in said inlet portion 
of said outiet means; and means to vary the vertical dis 
tance between the lower end of said sleeve and the di 
vergent upper end eleinent of said convergent-divergent 
injector unit. 

5. In a drier as claimed in claim 1, means to loosely 
support said convergent-divergent injector unit within 
said re-cycling chamber to permit same to vibrate under 
the action of the drying gas. 

6. In a drier as claimed in claim 1, said convergent 
divergent injector unit comprising a plurality of succes 
sive nested convergent elements disposed above each other 
with intermediate annular gas passages, each element hav 
ing a lower inlet end and an upper outlet end of smaller 
diameter than said inlet end and the diameter of the 
outlet end of said successive convergent elements increas 
ing from the lowermost to the uppermost one; and an 
upper divergent element having a lower inlet end and an 
upper outlet end of larger diameter than said last-named 
inlet end, said divergent element having its inlet end di 
rectly connected with the outlet end of the uppermost of 
said convergent elements to form therewith a Venturi. 

7. In a drier as claimed in claim 1, said upper divergent 
element of said convergent divergent injector unit hav 
ing a lower inlet end and an upper outlet end of larger 
diameter than said inlet end, a grid at the lower end of 
said upper divergent element; and balls supported at rest 
by said grid to be floatingly lifted at a given level within 
said divergent element under the action of the ascending 
flow of drying gas through said element. 
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