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This invention relates‘to the treatment’ of 
materials having a ‘low degree of natural ?uidity 
an-dmore particularly is concerned with a method 
and apparatus for increasing the ?uidity of a body 
of such material.- 7 ' ~' ‘ ~ 

Materials, such as cement in‘ bulk,'do not nor 
mally ?ow easily'and'when stored, for instance 
in a bin, their. ?uidity must be appreciably 
increased before they can be‘ drawn from the bin 
and caused to ?ow readily. into bags, ‘etc; This 
‘can best be accomplished. by introducing air into 
the body of material and at the same time agitat 
ing the body by stirring. ‘Of course, most pow 
dered materials, such as cement,'contain a quan 
tity of occluded air, and in some cases stirring 
of them alone, that is without the addition of‘air, 
is suf?cient to increase their ?uidity to a point 
at which they are readily ?owable. . 

Heretofore, rotary stirrers which have been 
‘employed for stirring a body of material in a con 
tainer to increase its ?uidity have required a large 
starting torque, the need for such a torque dimin 
ishing as the ?uidity of the material increases 
due to the stirring. Hence, the stirrers must be 
driven from sources of power much greater than 
are necessary to maintain a stirrer in operation 
after it has been started, or in the alternative, 
the stirrers must be maintained in operation from 
the :time thematerialrenters the container, and 
cannot be‘ permitted to stop while there is still 
a substantial ‘amount of material in the container. 
This dii?culty has ‘been largely overcome by the 
method and apparatus‘of this invention and the 
starting torque required is decreased in some 
cases by more than half. “ 
According to the, method of the invention, the 

?uidity ‘of a body ofzmaterial .is increased by agi 
tating only a portion of the body until the ?uidity 
of that portion hasbeen substantially increased, 
and then, while continuing‘ to agitate-that por 
tion, agitating another portion until its ?uidity 
has likewise been substantially. increased; and 
repeating these operations until the ?uidity of 
substantially the Whole body of material has been 
increased; If 'su?icient occluded'air to permit 
substantially increased ?uidity is not ‘contained 
by the body of material, as is ,oftentthe case, 
additional air may be injected; into itxbefore 
and/or during the agitation.‘ This air may be 
injected across the entire cross-sectional area'of 
the body of material all‘ at the‘same time'or may, 
in the alternative, be injected progressivelyinto 
the various portions of the body of' material as 
they are progressively agitated. Additionally, 
once the body of material has reached the'desired. 
degree of ?uidity it may be there. maintained 
solely by the continued injection of air. ' 
A number of different types of apparatus are 

contemplated by this invention for carrying out 
the above method. Broadly, each of these 
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includes a novel rotatable stirring means, and 
WhendesirabIe, means ‘in combination with the 
stirring means for injecting compressed air into 
the body of material. The stirring means com 
prises a rotatable shaft and a plurality of stirring 
arms mounted on‘the shaft, each arm having at 
least a portion which is swingable outwardly from 
the shaft whereby vthe distance of its outer end 
from the shaft - may be varied.’ Such stirring 
means is thereby capable of agitating'portions of 
varying‘size of a body of material in which it is 
located. . I I _ 7 

‘Several forms of apparatus by which. the 
method of thisinvention may be carried out will 
be more speci?cally described in connectionwit 
the accompanying drawing in which: ' 

Fig.‘ 1 is a sectional'view of one form of appara 
tus, - I , 1 a _' , 

Fig; 2 is'a section on line 2-2 of Fig. 1, 
Fig.‘ 3 is a partial plan view of a modi?ed form 

of stirring arm, ‘ i ,_ I '- - ' ‘r 

r Fig. 4-. is a‘se'ction on line 4-4‘ of Fig.v 3, and . y g 

- Figs. '5 and 6 are, respectively, elevationand 
plan views of another modi?ed form of stirring 
arm. . , ‘ ' 7' 

y .- clnsFig. 1 is'illustrated'a containerv Iil;_having a 
‘substantially conical bottom I [:and supported by 
a frame [2. 'Material, such as dry cement, may 
be fed into the container through a pipe I3 and 
may be withdrawn from the container through 
an outlet (not'shown). in bottom‘ H. A plurality 
of compressed air inlets M are mounted'in bot 
tom II and are provided with compressed-air 
through pipes I5, amanifold l6 and a pipe H 
connecting manifold I6 to a source‘ (not shown)-. 
The number of. inlets I4 is great enough. so that 
compressed air may .be injected substantially 
throughout the cross-sectional-area of a body of 
material in containerv I0. "If desirable, ‘means 
may be provided for selectively opening and clos 
ing inlets I 4'whereby air may be provided to per 
tions of the body of material of varying size. 
A shaft 18, supported in bearings l9 and 20 

located at opposite ends of the container, extends 
centrally through the container and may be 
rotated from a source, of power, such as an elec-v 
trio motor (not sho-wn),-through driveishaft‘? 
and gears 22 and‘23. A plurality of spaced stir 
ring arms 24 ‘are pivotally' secured toshaft 18 by 
collars 25 ‘having yokes 26,‘ each‘ yoke receiving 
the inner end of ‘an arm 24 which is-s'ecured to 
it by a pin 27. ~ Each arm 24 is received, out 
w‘ardlyof its inner-end, between a pair of rods 28, 
which are parallel toshaft i8, and a pair of cross 
bars 23 supported between the rods. Rods 28 are 
supported by pistons 30 contained in cylinders 3| 
which are secured to shaft l8 by brackets 32 out 
side the upper end of container l0. Cylinders 3| 
may be providedwith compressed ai'r'below pis 
tons 30 through an inlet pipe 33, hollow, upper 
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end 34 of shaft ‘l8; andpipes 35‘connecting the 
cylinders with hollow end 34 of- shaft l8. A‘cover 
plate 36 closes the opening in the upper end of 
container H] through which shaft l8 and rods 28 
pass. - , I 

In this apparatus the stirring arms are nor-_ 
mally in the position shown inFig. 1. When it 
is desired to withdraw material from container 
l0, compressed air is usually ?rst injected into 
the material through inlets I4 after which the 
stirring means is actuated with the stirring arms 
in the positions shown. When the inner'portion 

4 
increasing the effective stirring length of the 
arm. » . . 

Figs. 5 and 6 show another modi?ed type of 
‘ stirring arm comprising two parts 48 and 49, part 
.48 being keyed to shaft l8 and part 49 being piv 
otably secured to the outer end of part 48 by a 

of the body of material, that is that portion of , 
the body capable of being stirred by the arms 
24 in the position shown; has become suf?ciently 
?uid, compressed air is' admitted gradually to 
cylinders 3| thereby raising pistons 30 and rods 
28. Thus stirring arms 24 are pivoted upwardly 
about pins 21 and progressively larger portions 
of the body of material are affected by the stir 
ring arms and have their ?uidity increased until 
the arms reach the dotted line positions at which 
point'substantially the whole body of material 
within the container is being agitated. If de 
sired, when the proper degree of ?uidity of the 
material is reached the stirring apparatus may 
be shut off, and the supplying of air to cylinders 
3| discontinued, and the increased ?uidity of the 
material maintained solely by the continued in 
jection of air through inlets I4. When the stir 
ring apparatus is thus shut off, arms 24 descend, 
under their own weight, to their original posi 
tions to be ready for subsequent use. ‘ 
The admission of compressed air- to cylinders 

3|‘ may,'if desired, be initiated automatically, 
when the ?uidity of the initially stirred portion 
of the material has reached the desired degree, 
by incorporating in the driving means for shaft 
l8 means for admitting air to inlet pipe 33 re 
sponsive to the decrease in power consumption of 
the driving means incident to an increase in ma 
terial ?uidity. Furthermore, the compressed air 
supplied to cylinders 3| may be supplied from the 
same source as that supplied to inlets |4, whereby 
if the supply to inlets I4 is interrupted the supply 
to cylinders 3| is interrupted, and arms 24 may 
descend to their lower position so that stirring 
may‘ be begun again immediately when com 
pressed air is again available. Also inlet ‘pipe'33 
may be provided with a valve operated in re 
sponse to ‘the operation of the driving means for 
the stirring apparatus, whereby if the driving 
means fails, the supply of air to cylinders 3| is 
shut off and the arms 24 are allowed to descend. 
In Figs. 3 and 4, a'modi?ed-stirring arm‘ is 

shown and comprises a part 40 adapted to be 
?xedly secured to shaft I3 and carrying on its 
outer end a drum 4| secured to it by a weld 42. 
Asecond part 43 of the arm is pivotably secured 
topdrum 4| by a bolt 44 which extends'through 
the druin at a right angle to the longitudinal ex 
tent of the arm. A spring 45 surrounds drum 4| 
and has one end 46 enteringa hole in the wall 
of the drum andits other end 41 secured to part 
43. Spring 45 urges part 43 toward its solid line 
position in abutment with part 40 as shown in 
Fig. 3. When the arm is rotated by shaft |8 in 
the direction indicated by the arrow in Fig. 3, the 
initial resistance of the material being stirred is' 
great enough to cause part 43 to be moved to the 
dotted line position against the action of spring 
45, but as the fluidity of the material increases 
due to stirring, spring 45 causes part 43 to pivot 
outwardly toward'the solid line position thereby 
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bolt 50. Stops 5| and 52 are provided on part 
48 adjacent bolt 50 to limit the movement of 
part 49. In the- operation of a stirring apparatus 
employing this type of stirring arm, shaft I8 is 
?rst rotatedv in a counter-clockwise direction as 
indicated by arrow 53 in Fig. 6; The resistance 
of the material being stirred causes part 49 of 
the arm to assume the dotted line position 
against stop 52 and thus the effective length of 
the stirring arm is the length of part 48. When 
the vfluidity of the portion of the body of mate 
rial thus being agitated has increased to the de 
sired degree the rotation of shaft I8 is reversed 
to a clockwise direction as indicated by arrow 
54. This reversal causes part 49 of the arm to 
‘be pivoted outwardly to the solid line position 
against stop 5|. The effective stirring length of 
the arm is thus increased and a larger portion 
of-the body of material is agitated. 

' The various stirring arms described may be of 
any desired cross-sectional size or shape and, for 
instance, may resemble propeller blades so as to 
produce vertical currents in the container, 
whereby effective mixing of horizontal‘ layers of 
material in the container may be ensured. 

I claim: ' 
l. A method of increasing the fluidity of a 

body of material which comprises injecting com 
pressed air into a portion of the body of mate 
rial, agitating said portion of the body until its 
?uidity is substantially increased, and progres 
sively repeating said steps of air injection and 
agitation with additional portions of the body 
of material surrounding the portions of the body 
previously agitated until the?uidity of substan 
tially the whole body is increased. ' 

‘ 2. A method of increasing the fluidity of a body 
‘of material which comprises injecting . com 
pressed air, into a portion of the body of mate 
rial, agitating said portion of the body until its 
?uidityis substantially increased, and, then while 
continuingthe air injection into and the agita 
tion' of said portion, progressively injecting air 
into additional portions of said body of material 
surrounding the portions of the body previously 
agitated and progressively agitating said addi 
tional portions until the ?uidity of substantially 
the whole body is increased. ' 

3. Apparatus for increasing the ?uidity of a 
body of material which comprises means for 
injecting compressed air into the body, and 
rotatable means for stirring said body, said rotat 
able means including a rotatable shaft and a 
plurality of stirring arms mounted on said shaft, 
each stirring arm comprising two parts one of 
which parts is secured at one end to the rotat 
able shaft and'extends outwardly therefrom a 
substantial distance to stir a substantial portion 
of the body of material when rotated by the 
shaft, the other of said parts being pivotably 
secured to the outer end of said ?rst part and 
being movable from an inner position in which 
it is angularly disposed with respect to said ?rst 
part to an outer position in which it forms an 
outwardly extending extension of said ?rst part. 

4. Apparatus for increasing the ?uidity of a 
body of material which comprises a container for 
saidbody of material, means for injecting com 
pressed air into the ‘bottom of the container, and 
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rotatable means supported substantially central 
ly in the container for stirring the material, the 
rotatable means including a rotatable shaft and 
a plurality of stirring arms mounted on said 
shaft, each stirring arm comprising two parts 
one of said parts being movable with respect to 
the other of said parts to effect adjustment of 
the overall length of the arm. 

5. Apparatus for‘increasing the ?uidity of a 
body of material which comprises a container 
for the body of material, rotatable means sup 
ported substantially centrally in the container 
for stirring the material, said rotatable means 
including a rotatable shaft and a plurality of 
stirring arms mounted on the shaft, each stir 
ring arm comprising two parts one of which 
parts is secured at one end to the rotatable shaft 
and extends outwardly therefrom a substantial 
distance to stir a substantial portion of the body 
of material when rotated by the shaft, the other 
of said parts being pivotably secured to the outer 
end of said ?rst part and being movable from 
an inner position in which it is angularly dis 
posed with respect to said ?rst part to an outer 
position in which it forms an outwardly extend 
ing extension of said ?rst part, means for rotat 
ing said shaft, and a plurality of compressed air 
inlets located in the bottom of the container and 
being adapted to be opened for injection of com 
pressed air over an area corresponding to the 
cross-sectional area being swept by the stirring 
arms at any instant. 

6. In an apparatus for increasing the ?uidity 
of a body of material, rotatable stirring means 
comprising a rotatable. shaft and a plurality of 
stirring arms mounted on the shaft, each stir 
ring arm comprising two parts one of which 
parts is secured at one end to the rotatable shaft 
.and extends outwardly therefrom a susbtantial 
distance to stir a substantial portion of the body 
of material when rotated by the shaft, the other 
of said parts'being pivotably secured to the outer 
end of said ?rst part and being movable from 
an inner position in which it is angularly dis 
posed with respect to said ?rst part to an outer 
position in which it forms an outwardly extend 
ing extension of said ?rst part. 

7. A method of increasing the ?uidity of a body 
of material which comprises agitating a substan 
tially cylindrical portion of the body coaxial with 
the body and extending substantially through 
out the length of the body, and, after the ?uidity 
of said portion has been increased, and while 
continuing to agitate said portion, agitating an 
additional annular portion of the body sur 
rounding the cylindrical portion thereof previous 
ly agitated. 

8. A method of increasing the ?uidity of a 
body of material according to claim 7 which in 
cludes the step of continuously injecting com 
pressed air into the body of material. 

9. A method of increasing the ?uidity of a 
body of material which comprises agitating a 
substantially cylindrical portion of the body co— 
axial with the body and extending substantially 
throughout the length of the body, and after the 
?uidity of said cylindrical portion has been in 
creased progressively agitating additional an 
nular portions of the body surrounding the por 
tions thereof previously agitated. 

10. A method of increasing the ?uidity of a 
body of material which comprises injecting com 
pressed air into a cylindrical portion of the body 
coaxial with the body and extending substan 

10 

20 

25 

30 

35 

40 

50 

60 

65 

70 

6 
tially throughout the length of the body, agi 
tating said cylindrical portion of the body until 
its ?uidity is substantially increased, and, then 
while continuing the air injection into and the 
agitation of said cylindrical portion, injecting air 
into an additional annular portion of the body 
surrounding said cylindrical portion and agi 
tating said annular portion until its ?uidity is 
substantially increased. . 

11. In an apparatus for increasing the ?uidity 
of a body of material, rotatable stirring means 
comprising a rotatable shaft, a plurality of stir 
ring arms secured to the shaft, each of said arms 
comprising a ?rst part ?xedly secured to the 
shaft and a second part pivotably secured to the 
outer end of the ?rst part and movable to in 
crease or decrease the effective length of the 
composite arm, and spring means incorporated 
in the pivot connection of the two parts of each 
arm, said spring means urging the second part 
toward its outermost position at which the effec 
tive length of the composite arm is greatest. 

12. In an apparatus for increasing the ?uidity 
of a body of material, rotatable stirring means 
comprising a rotatable shaft, a plurality of stir 
ring arms mounted on the shaft, each stirring 
arm comprising two parts one of which parts is 
secured at one end to the rotatable shaft and 
extends outwardly therefrom a substantial dis 
tance to stir a substantial portion of the body 
of material when rotated by the shaft, the other 
of said parts being pivotably secured to the outer 
end of said ?rst part and being movable from 
an inner position in which it is angularly dis 
posed with respect to said ?rst part to an outer 
position in which it forms an outwardly extend 
ing extension of said ?rst part, and a pair of 
stops mounted on the ?rst part of each arm to 
limit the pivotal movement of the second part. 

13. Apparatus according to claim 12- in which 
the pivot connection between the two parts of 
each arm permits free angular movement there 
between and con?nes such angular movement 
to the plane surface described by rotation of said 
?rst part of each arm, and in which the stop on 
said ?rst part limiting pivotal movement of said 
movable part toward said shaft is so positioned 
on said ?rst part that upon rotation of the com 
posite arm in the body of material in the direc 
tion of the displacement of said movable part 
from its extended position said movable part will 
be moved by said material toward its extended 
position. whereby during rotation of the shaft 
in one direction the second part of each arm 
assumes its limiting outward position and during 
rotation of the shaft in the opposite direction 
said movable part assumes its limiting inward 
position. 

JOHANNES EISNER. 

REFERENCES CITED 
The following references are of record in the 

?le of this patent: 

UNITED STATES PATENTS 

Number Name Date 
609,270 Flaherty _________ __ Aug. 16, 1398 
655,552 Gorton ___________ -_ Aug. 7, 1900 
697,579 Wehmeier et a1. ____ Apr. 15, 1902 

1,218,623 Brillhart ________ __ Mar. 13, 1917 
1,615,386 Jackson _________ __ Jan. 25, 1927 
1,616,547 Pontoppidan ______ __ Feb. 8, 1927 
2,292,897 Nielsen __________ __ Aug. 11, 1942 


