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MIXING APPARATUS AND BOTTOM RIBBON BLADE USED THEREIN

BACKGROUND OF THE INVENTION

Field of the Invention:

This invention relates to a mixing apparatus adapted for

viscous fluid contents and a bottom ribbon blade used therein.

Discussion of the Background:
Heretofore, helical ribbon impellers have been employed in

many mixing apparatuses due to their better abilities to mix

~viscous fluid contents up and down and to transfer heat through

vessel walls for temperature control in chemical reaction processes.
FIGS. 5A and 5B illustrate a mixing apparatus of a

conventional type, which comprises a mixing vessel 1 having a

cylindrical wall 2 and a bottom wall 3 of a semi-ellipsoid disposed

at a lower end of the cylindrical wall 2, an impeller shaft 4, a
plurality of horizontal struts 5 connected to the impeller shaft 4,

a pair of helical ribbon blades 6 supported to an inner side of the

cylindrical wall 2 by the horizontal struts 5, and a flat-shaped

impeller blade 11 connected to a lower end of the impeller shaft 4,

with its surface perpendicular to the bottom wall 3.

‘r'—*.

This Sheet Has Been Replaced

Hll\ll\ e




10 -

20

HoweVer, a drawback of the abparatus having the above
arrangement resides in the fact that, since merely the flat-shaped
impéller blade il is disposed in a lower region of the mixing
vessel 1, the.fluid contents in that region may be circulated
merely in a circumferential direction by rotating motion of the
impellgr blade 11, and copsequently have poor mixing with the fluid
contents-in other regions of the mixing vessel 1, which may lead to
problems in mixing operations. |

To solve the above-noted drawback, two flat blades 12 are
slantedly connected to both lower ends of the helical ribbon blades
6 and are extended in proximity with the cehte; of the bottom wall 3

aiong an inner surface of the bottom wall 3, as illustrated in

- FIGS. 6A and 6B, or the helical ribbon blades 6 extend to the center

of the bottom wall 3 as having the substantially same ribbon width

and helical pitch thereof as illustrated in FIGS. 7A and 7B. The

apparatuses of these arrangements solve the poor mixing of the fluid

contents.in a ciréumferential region of the bottom wall 3.
However, there may be left a poor mixing region of substantial
volume in a center region of the bottom wall 3.

Consequently, in the mixing vessel 1 having a relatively
flat-shaped bottom wall 3, the poor mixing of the fluid contents

has not been solved in a lower region, particularlylin the center
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region of the bottom wall 3 merely by modifying the configuration of

_ the helical ribbon blades 6 in conventional manners.

Contrary to'the above arrangements, there has been
proposed a conventional mixing apparatus of another type in view of
the configuration of the bottom wall of the mixing vessel in order
to solve the above-noted drawback. A mixing apparatus of this type
comprises a circular-cone shaped bottom wall having én acute apex

angle, and the helical ribbon blades extend towards the center of

the bottom wall. However, in this arrangement, although a

relatively large space for the installation is required due to fhe
configuration of the bottom wall, the amount of the fluid contents
treated in fhe mixing vessel does not substantially increaée.
There has been further proposed a mixing apparatus
described in the U.S. Patent No. 3,675,902, wherein a bottom wall

has a hemispherical shape, and a helical ribbon blade extends to

the axial center of the mixing vessel, with its blade surface

perpendicular to an inner surface of the hemispherical bottom wall.
However, the configuration of the bottom wall presents a drawback
in view of the installation space as described above. In addition,
such confiquration is not generally employed for mixing vessels
except that the highly pressurized fluid contents are to be

maintained in a vessel.
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Accordingly, it is an object of the present invention to

provide a mixing apparatus which can uniformely and effectively mix

‘viscous fluid contents in a relatively short period of time without

any regions of poor mixing of the fluid contents, in a mixing

vessel having a relatively flat bottom wall of a semi-ellipsoid or

- dished shape.

SUMMARY OF THE INVENTION

In accordance Qith the present invention, there is
provided a mixing apparatus comprising:

a vertically positioned mixing vessel including a
cylindrical wall and a bottom wall dispésed in a lower portion of
the cylindrical wall, wherein the bottom wall is of a semi-

ellipsoid, dished shape, or circular cone shape with an obtuse apex

.angle, and each of the convex surfaces of which is oriented

downwardly;

an impeller shaft vertically and coaxially aligned within
the mixing vessel;

at least one helical ribbon blade disposed within the
mixing vessel in such a manner as to be rotated by a driving means

through the impeller shaft; and

e —
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at least one bottom ribbon blade coﬁnected to a lower end
of the helical ribbon blade and disposed in proximity with the
bottom wall from its center to its periphery, wherein a centrally
located portion of the bottom ribbon bla&e has its surface
substantially perpendicular to the bottom wall, and a lower edge of
the bottom ribﬁon blade is formed in such a manner as to correspond
to a‘logarithmic spiral curve at least for the cgntrally located
portion.

Further, a bottom ribbon blade of the present invention is
characterized in tﬁat it is disposed in proximity with a bottom
wall of a mixing vessel from.a center to a periphery of the bottom
wall, wherein a centrally located portion of the bottom ribbon blade
has its surface substantialiy perpendicu;ar to the bottom wall, and
a lower edge of the bottom ribbon. blade is formed in such a manner
as ﬁo correspond to a logarithmic spiral curve at least for the
?entrally located portion.

With the arrangements defined above, whén the bottom
ribbon blade is rotated by the driving means in such a direction
that the helicél ribbon blade moves the fluid contents upwardly
along the cylindrical wall, the fluid contents afe sucked downwardly
along the axial center of the mixing veséel into the center region

of the bottom wall, and discharged radially and outwardly along the
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bottom wall by the rotation of the bottom ribbon blade. The fluid

contents, sent outwardly, ére moved upwardlylalong the cylindrical.
wall by the rotation of the helical ribbon blade, turn to a center

near a surface of the fluid contents, go downwards along the axial
center of the mixing vessel, then are sucked again down to the

bottom wall by the rotation of the bottom ribbon blade. Such a -

-flow pattern solves Stagnation of the fluid contents in a bottom

region of the mixihg veésel, while éttaining uniform mixing of the
fluid contents. When the rotational dirgction of the bottom ribbon
blade is reversed, the fluid contents are also reversely
circﬁlated, solving the stagnation thereof in the bottom region of
the mixing vessel in the same manner as the above defined flow

pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advantages
of the present invention wili be more fully appreciated as the same
becomes better understood from the following detailed description
when conéidered in connection with the accompanying drawings in
which like reference characte;s designate liké or corresponding

parts throughout the several views and wherein:
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FIG.

1A is a cross

present invention;

FIG.

FIG. 1A;

FIG L

1B is a cross

2A is a cross

the present invention;

FIG.
in FIG. 2A;
FIG.
of the pfesenﬁ
FIG.
in FIG. 33;
FIG.
in FIG. 33;
FIG.
:of the present

FIG.

FIG.
apparatus;

FIG.
FIG. 5A;

FIG.

2B is a cross

3A is a cross
invention;

3B is a cross

3C is a cross

47 is a cross

invention;

sectional

sectional

sectional

sectional

sectional.

sectional

sectional

sectional

view

view

view

view

view

view

view

view

of one embodiment of the
taken along line I-I in
of another embodiment of
taken along line II-II

of a further embodiment
taken along line IIT-IIT
taken alonghline V-1V

of a further embodiment

4B is an enlarged partial plan view of FIG. 4A;

5A is a cross sectional view of a conventional mixing

5B is a cross sectional view taken along line V-V in

6A is a cross sectional view of another conventional
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mixing apparatus;

FIG. 6B is a cross sectional view taken along liﬂe VI-VI
in FIG. 6A;

FIG. 7A is a cross-sectional view of yet another
conventional mixing apparatus;

FIG. 7B is a cross sectional view taken along line VII-VII

in FIG. 7A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Réferring'to the first embodiment of_FIéS. 1A and 1B, a
mixing vessel 1 comprises a cylindrical wall 2, a bottom wall 3 of a
semi~ellipsoid which is'disposed at a lower end of the cylindrical
wall 2, and a top cover (not shown) attached on an upper portion of
the cylindrical wall 2.' The'mixing vessel 1 is held sﬁch that the
'cylindrical wall is vertically positioned relative to the ground.

An impeller shaft 4 is vertically and coaxially aligned
within the cylihdrical wall 2 and its upper end is rotatably
connected to a driving means disposed above the top cover (not
shown) .

On a lower portion of the impeller shaft 4 is connected a

Plurality of horizontal struts 5 with predetermined spacing from one

This Sheet Has Been Rei!aced

R




10

20

another. Two strips of helical ribbon blades 6 are respectively
connected to outer ends of the horizontal steuts 5. Each helical
ribbon blade 6 has a predetermined ribbon width and helical pitch
defining a helical surface, and is positioned in such e manner as to
have a predetermined clearance ﬁ from an inner surface of the
cylindrical wall 2. Two etrips of bottom ribbon blades 7 are
respectively connected to lower ends of the helical ribbon blades

6, and are positioned in such a manner as to-define a clearance L'
from en inner surface of fhe botfom wall 3, the clearance L' beiné
substantially the same as the clearance L.

Referring to FIG. lB( a whole length of each bottom ribbon
blade 7 is defined by a starting place 7a which is.connected to the
lower end of a helical ribbon blade 6, a first midway place 7b
which is on the way to a center of the bottom wall 3, a second
midway place 7c which is cioser to the center of the bottoﬁ wall 3,
and a ribbon end 7d which is still closer to the center of the
bottom wall 3. Between the starting place 7a and the first midway '
place 7b, an edge 7e of each bottom ribbon blade 7, which faces the
bottom wall 3, lies on an imaginary helical surface extended
downwards from a helical ribbon blade 6, to which the bottom ribbon
blade 7 is connected. Between the first midway place 7b and the
ribbon end'7d;)the edge 7e is.formed in such a -manner as to
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correspond to a logarithmic spiral curve which is set at an angle
of 30° relative to a cirqumferential direction. That is, the edge
7e between the first midway place 7b and the ribbon end 7d is formed
.in such a manner as to éorrespond to the logarithmic spiral curve

which is expressed by an exponential function in polar coordinates:

. r=r, exp (-cf) in which a general constant c is set at the value of

tangent 30°, provided that r, (meter) expresses a length of r in §=0
rad.

A surféce of each bottom ribbon blade 7 is formed as
follows:

At'the starting place 7a, each bottom ribbon blade 7 is on
the helical surface defined by the helical ribbon blade 6. Between
the second midway place 7c and the ribbon end 7d, the bottom fibbon
blade 7 has its surface substantially pe;pendicular to the bottom
wall 3. ﬁetween the starting place 7a and the second midway place
7c, - the 5ottom ribbon blade 7 has its surface gradually twisted in
such a way that a twist angle for a unit length of ribbon is
substantially same through the portion between the two plaqes.

The first and second midway places 7b and 7c are
determined as described herein.
First,la.surface having the predetermined clearance L'

with respect to the inner surface of the bottom wall 3 is conceived -
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within the mixing vessel 1. Thg helical surface defined by the

helical ribbon blade 6 is-extended aownwardly, and crossed to the

conceived surface. Then, a line defined by crossing these two

different surfaces, comes to a curved line drawn from the starting
5 place 7a through the first midway place 7b towards the center of

the bottom wall 3. An angle of the curved line relative to the

circumferential direction, when projected on a horizontal plane,
gradually increases from 0' at the starting plaée 7a to 90° as the
curved line approaches the center of the bottom wall 3. To smoothly
10 connect the curved line to the logarithmic spiral curve having a
predetermined angle to the circumeferential direction, fhe curved
line is connected at a place where the angle of the curved line
relative to the pircumferential direction is equal to that of the

logarithmic spiral curve. Whereby, the first midway place 7b is

~.

G 15 determined.

The second midway place 7c¢ is determined with
consideration of the twist angle for a unit length of ribbon. 1In
this embodiﬁent, each bottom ribbon blade 7 is twisted about 90°
from the starting pléce 7a where the surface of the bottom ribbon

20 -blade 7 is almost horizontal, to the second midway place 7c¢ where
the surface iS almost vertical, while the distance between the two

Places along the edge 7e is determined to be a litﬁle over five

i
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times as much as the width of the bottom ribbon blade 7. That is,
the twist angle for a unit length of ribbon is selected to a value
about 15' per one ribbon width.
If the distance developed from the starting place 7a to
5 the second midway place 7¢ is extremely short, the bottom ribbon
‘blade 7 is hardly made by_simply twisting_a.flat plate of steel or
the like in a ‘simple manner. ;p:addition, such steep twist of the
__bottom ribbon blade 7 may caﬁse dis£urbance for the fluid flow to
smoothly change its direction along ﬁhe bottom ribbon blade 7.
10 On the contrarf, if the distance.betﬁéen the starting
Pplace 7a and the second midway place 7c as defined above is greatly
elongated, an angle of the Surface of the bottom ribbon blade 7.
relative to the bottom wall 3 becomes considerably sméller except

for a short length of the bottom ribbon blade 7 from the starting

15 place 7a. Accordingly, it may lower inherent advantages of the
?bttom ribbon blade 7, that is, it may decrease radial pumping of
the fluid contents.B by the bottom ribbon blaﬁe 7. The distance
betwéen the starting place 7a and the second midway place 7c, as
above defined, is determined with cdnsideration of these problems.

20 Further, the angle of the logarithmic spiral to the .

circumferential direction is preferably set so as to be in the range

of 20° to 45, since if that angle is set over that range, the
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configuration of_the bottom ribbon blade 7 becomes similar to that
of the conventional mixing apparatus as illustrated in FIG. 5,

which causes the poor mixing of the fluid contents 8 in the center
region of the bottom wall 3. If the angle is set below that range,
the bottom ribbon blade 7 is undesirably elongated, which consumes

a relatively large amount of power, and decreases the radial pumping
of the fluid céntents 8 albng the béttom wall 3.

In this embodiment, a flow pattern of the fluid'contents 8
is formed as follows, in order to solve the problem of the poor
mixing.

When the impeller shaft 4 is rotated in suéh a manner as
to orient the pumping direction of the helical ribbon blades 6
upwardly (in the direction of arrows of FIG. 1A), the fluid conten;s
8 are moved radially by the bottom ribbon blades 7 in the same-
manner as that they are moved in the axial direction of the mixing
vessel.l by the rotation of the helical ribbon blades 6, since the
bottom ribbop blades.?7 corresponding to the loéarithmic spi;al curve
are disposed with their surfaces substantially pérpendicular to the
bottom wall 3 of the ﬁixing vessel 1 thrbugh the clearance L'.

That is,.the fluid contents 8 are sucked into a center

region of the bottom wall 3 from the above and are moved outwardly

~ along the inner surface of the bottom wall 3 by the rotation of the

o
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bottom ribbon blades 7. Then, the fluid contents 8 smoothly change
their direction from radially to upwardly in the peripheral region
of the bottom wall 3 without any serious diverging flow, since the
bottom ribbon blades 7 are gradually twisted and smoothly connected
to the helical ribbon blades 6 there. Afterwards the fluid contents
8 are moved quardly along the inner surface of the cylindrical

wall 2 by the rotation of the helical ribbon blades 6, turn into

the axial center in proximity with the surface of the fluid contents

8, are moved downwardly along the axial center of the mixing

vessel, and are sucked again by the bottom ribbon blades 7. Thus,
without any regions of the poor mixing, uniform and effective
mixing of the fluid contents 8 can be attained through such
sequential flow pattern.

In the above embodiment, the bottom wall 3 of the mixing

vessel 1 has a sémi—eliipsoid shape. However, a dished shape, or

circular cone-shape with an obtuse apex angle may be employed.
Such configuration can save an installation space for the mixing
vessel 1 which becomes considerably larger when a circular cone-
shape bottom with an acute apex angle is employed for the bottom
wall 3 to avoid the poor mixing problem.

_ Fﬁrther, in the above embodiment, the edge 7e of each _

bottom ribbon blade 7 is formed in such a manner as to correspond to

-
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the logarithmic spiral curve, the anéle of which.is set at 30
relaﬁive to the circumferential direction. However, it may be set
at a range of from 20° to 45° . That is, the edge 7e is preferably
formed in such a manner as to correspond to the logarithmic spiral
curve which is expressed by the exponential function in polar
coordinatee: r=ro, exp (jcﬂ), in which a general constant c is set
at a value of tangent 20° to tengent 45° , provided that rokmeter)
expresses a length of r in §=0 rad.

Further, the mixing apparatus of the above embodiment
employs two strips of the helical ribbon blades 6. However, instead

of that number, one or more than three strips of the helical ribbon

blades 6 can be disposed within the mixing vessel 1.

Referring to the second embodiment of FIGS. 2A and 2B, the
mixing apparatus has substantially the same arrangement as the
fifst embodiment, except thatlthe bottom wall 3 is formed in a
circular cone configuration with an apex angle of 120°.

Two_strips of the helical ribbon blades é are connected to
a plurality of posts 9 such that the central axis of each of the
posts 9 passes through a periphery near the inner edges of the two
strips of helical ribbon blades 6, which means that the posts are

positioned on a boundary layer between the upward and downward

fluid flow of the fluid contents 8, whereby flow resistance of the
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ppsté 9 against tﬁe upwardly and downﬁardly circulating fluid flow
becomes minimal.

The impeller shaft 4, which is rotated.by the driving
means (not shown), is connected to each of the posts 9 by means of
radially extending struts 5. The impeller shaft 4 is cut or
discontinued below ité connected'portion to the struts 5 such that
the impeller shaft 4 and the struts 5 are not sunk into the fluid
contents 8.

The bottom ribbon blades 7, disposed along the bottom wall
3, are respectively connected to lower ends of the posts 9 by means
of supporting rods 10. .The supporting rods 10 extend towards the
axial center of the mixinélvessel 1 and are connected at their ends
to one another for the purpose of increasing the mechanical
strength thereof. Inner side or upper side edges of the bottom
ribbon blades 7 aré supported by the supporting rods 10. In this
regard, the posts 9 may be bent inwardly to suppor£ the bottom
ribbon blades, and may be connected at their ends to one another so
as to function as the supporting rods 10.

In fhis arrangement, the posts 9 and the supporting rods

10 can be omitted by ihcreasing the rigidity of the helical ribbon

" blades 6 per se. However, it is not economical to employ the

helical ribbon blades 6 having the required rigidity, since it may
is Sheet Has Been RTlac.ed
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increase the manufaéturing cost thereof. .

The bottom ribbon blades 7, in accordance with this
embodiment, are formed'in é configuration slightly different from
that of the first embodiment, for the purpose of corresponding to
the different configuration of the bottom wall 3 of this embodiment.

However, both of the bottom ribbon blades 7 of the first and
second embodimentg are basically formed in the same design manner.

That is, between the starting place 7a and the first
midway place 7b, an edge 7e of each bottom ribbon blade 7, which
faces the bottom wall 3 has the predetermined clearance L' with
respect to the inne; surface of the bottom wall 3 and lies on the
imaginary helical surface ektendéd downwards from a helical ribbon
blade 6 to which the bottom ribbon blade 7 is connected. In
additioh, the edge 7e between the first midway place 7b and the
ribbon end 7d has the predetermined clearance L' to the bottom wall
3, and is formed in such a manner as to correspond to the
logarithmic spiral curve which is set at an angle of 30° relative to
the circumferential direction'as in the first embodiment. That is,
as described in the first embodiment, the edge 7e between the first
midway place 7b and the ribbon end 7d is formed in such a manner as
to correspond to the logarithmic spiral curve which is expressed by

the exponential function in polar coordinates: r=r, exp (-cf) in
| This Sheet Has Been

HIIIIH T

17



10

15

20

which a general constant c is.set at the value of tangent 30°,
provided that r, (meter) expresses a length of r in §=0 rad.

The surface of each bottom ribbon blade 7 is also forﬁed
in the same manner as in the first embodiment. Each bottom ribbon
blade 7 and the respective helical ribbon blade 6 are on £he same
helical surface at the starting place 7a, and the bottom ribbon
blade 7 has its surféce perpendicular to the bottom wall 3 between
the second midway place 7c and the riﬁbon end 7d which is
positioned near the center of the bottom wall 3.

Further, between the starting place 7a and the second
midway place 7¢, each bottom ribbon blade 7 has its surface
gradually twisted in such a way that a twist angle for a unit length
of ribbon is substantiall& same between the two places.

As described above, when the impeller shaft 4 and the

struts 5 are formed in such a manner as not to obstruct the upwardly

,and downwardly éirculating flow of the fluid contents 8, the smooth

fluid flow in the axial direction of the mixing vessel 1 can
readily be attained in proximity with the axial center of the mixing
vessel 1. In addition, when each post 9 passes through a periphery
near the inner edges of thg helical ribbon bladés.6, moré
particularly, when it is positioned on a boundary léyer-betwéEn the

upward and downward fluid flow of the fluid contents 8, flow
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resistance of the posts 9 against the upwardly and downwardly
circulating fluid flow can become minimal. Consequently, the.mixing
speed of the fluid contents 8 can be substantially improved.
To further improve the mixing speed of the fluid contents
5 8, the relationship between the ;ate of vertically circulating flow

and the ribbon width and helical pitch of the helical ribbon blades

6 was investigated by computer simulations of flow, and it has béen
found that the maximum rate of vertically circulating flow can be |
attained whén the ribbon width is 15 to 25 percent of the diameter

10 of the helical ribbon bladgs 6, and the helical pitch is 100 to 125
Percent of the diameter of the helical ribbpn blades 6. Therefore,
in this embodiment, the ribbon width of the helical ribbon blades 6
is formed so as to be 15 percent of the diameter of the ﬁélical

ribbon blades 6 and the helical pitch is formed so as to be

.’".:
{-

Ui

15 substantiallj equal to the diameter of the helical ribbon blades 6.

, Further, the relationship between mixing time required to

uniformely mix ﬁhé fluid contents 8, and the ribbon width and
hélical pitch of the helical ribbon blades 6 was investigated in
mixing apparatuses having érrangement similar to the apparatus of
20_ this eﬁbodiment, and it has been found that a condition where the
mizxing time becomes minimal, can be attained when the ribbon width

is 10 to 20 percent of the aiameter of the helical ribbon blades 6
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and the helical pitch is 100 to 150 percent of the diameter of the
helical ribbon blades 6. Accordingly, the helical ribbon blades 6
of this embodiment employ a ribbon width which is wider than that
of the first emBodiment s0 as to follow the most preferable
condition found in this result.

To correspond to the ribbon width of the helical ribbon
blades 6, the bottom ribbon blades 7 of this embodiment are formed -
such that the Qidth thereof is-wider than that of the first
embodiment around the circumferential periphery of the bottom wall
3. However, each bottom ribbon blade 7 gradually reduces its width
as it comes closer to the center of the bottom wall 3, and
consequently becomes on the order of 60 percent of the width of the
etarting place 7a, since, if the bottom ribbon blades 7 extend to
the center of the bottom wall 3, maintaining the initial width, it

is 1likely that the bottom ribbon blades 7, having such a large

width, obstruct smooth suction of the fluid contents 8 to the

vicinity of the inner surface of the bottom wall 3 at the central
portion thereof, rather than attaining the inherent advantages of
the bottom ribbon blades 7 so as to promote the radial pumping of
the fluid contents 8'along the bottom wall 3.

The rate of vertically circulating flo& can be increased

by selectively employing a preferable ribbon width and helical
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pitch of the helical ribbon blades 6 in such a manner as to improve
power efficiency relating to the circulating flow.rate. Tﬁis can
further improve mixing speed, in conjunction with the above
described effect which is attained by reducing flow resistance
.caused by the impeller shaft 4, the struts 5, and the posts 9.

Testing conducted in order to determine the mixing effect
of the mixing apparatuses of the present invention as described
above, will now be discussed.

Mixing time required to uniformely mix corn sirup ﬁith its
viscosity about-SO Pé-s in the respective apparatuses of the first
and,secopd embodiments of the present invention, and the |
conventional apparatus of fIGS. 5A and 5B, was measured and
compared with one another. Each mixing vessel 1 of the apparatuses
was made of transparent synthetic resin and the cylindrical wall 2

had an inner diameter of 400mm. The bottom wall 3 was of a semi-

,ellipsoid with a depth of 100mm and was attached to the cylindrical

wall 2. All the helical ribbon blades 6 used had a diameter of
380mm, a helical pitch of 380mm, a clearance L of 10mm and a height
of 400mm.

The helical ribbon blades 6 of ihe conventional apparatus
of FIG. 5A and the first embodiment, and the bottom ribbon blades_7

of the first embodiment had a width of 40mm. The bottom ribbon
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blade 7 of the second embodiment was mﬁdified in a configuration
corresponding to the semi-elliptic bottom wéll 3. The bottom
ribbon blades 7 and the helical ribbon blades 6 of the second
embodiment had a width of 60mm and were supported by two struts 5,
two pdsts 9 and two supporting roﬁs 10.

After the corn sirup was poured into the mixing vessel 1
until the surface thereofléeachéd a position that was Sbmm below
the upper end of the helical ribbon blades 6, it was colored by
adding 100 ml of 0.5 mol/{ iodine aqueous solution and'by mixing the
fluid contents uniformely. Then, anothef mixture, which had been
made by mixing 120.ml of 1 mol/{ sodium thiosulfate aqueous

solution and 240 ml of raw corn sirup so as to adjust the mixture's

~ viscosity to about 50 Pass, was poured on a surface of the contents

~within the mixing apparatus operated at an impeller-rotational

speed of 20 rpm, and a mixing time for decolorizing the corn sirup,
was measured.
As a consequence, in the conventional apparatus of FIG.
57, the corn sirup was decolorized in five to six minutes in the
cylindrical wall 2, however not perfectly decolorized even after
ten minutes within the bottom wall 3.
~ On the contrary, in the apparatus of the first embodiment,

the corn sirup was decolorized in five minutes both within the

.—/—__.‘
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cylindrical wall 2 and the bottom wall 3, and the;e remained no
regions where the deéolorization was substantially delayed. In the
apparatus of the second embodiment, the corn sirup was decolorized
in two and a half to three minutes bqth within the cylindrical wall
5 2 and the bottom wall 3.
In each test, the impgller shaft % was rotated such that
e the helical ribbon blade 6 moved the corn sirup upwardly near the
cylindrical wall 3. Impeller power consumed for the mixing was
respectively 107_W ih the conventional apparatus of FIG. 5a, 110 W
10 in the apparatus of the first embodiment, and 125 W in that of the
second embodiment. o
Accordingly, it has been found that the apparatuses of thé
first and second embodiments can effectively mix the contents

without any regions of the poor mixing, in the bottom wall 3. In

15 adaitidh, it has been further found that the apparatus of the
second embodiment can shorten the mixing time by 40 to 50 percent.
as compared to the conventional apparatus of FIG. 5A, while

controlling the impellef power consumption required for.the mixing
to an increase of 3 to 17 percent, which leads to efficient mixing
20 operations.

Furthe; advantages in view of the method for making the

bottom ribbon blades 7 reside in the fact tha£ each of them has a
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shape which can be exactly developed on a flat plane, that is, each
bottom ribbon blade 7 can readily be made by twisting a flat steel
plate cut out according to ﬁhe exactly developed shape which is
obtainable through geometrical calculations. The bottom ribbon
blades 7 made in this manner can fully provide the above-described
mixing effects.

In the above embodiments of the present invention, the
bottom ribbon blades 7 and the helical ribbon blades 6 are
preferably diéposed in series within the mixing vessel 1. However,
it is not necessary to dispose both blades in series in such é case
that the bottom ribbon blade 7 is newly disposed together with an
alreédy existing impeller blade. _It is essential to dispose the
bottom ribbon blade 7 in proximity with the bottom wall 3 from its
center to its periphery, where the bottom ribbon blade 7 has its
surface substantially perpendicﬁlar to the bottom wall 3. Thus,
the bottom ribbon blade 7 can be applied over a wide range of_mixing
apparatuses in order to solve the poor mixing of the fluid contents
8 in the lower region of the mixing vessel 1.

To improve the mixing efficiency, a baffle means may be
disposed in a preferable position within the mixing vessel 1. FIGS.
3A and 3B iliustrate baffles 13, each of £hem compriéing a fitting

plate 13a of a substantially trapezoidal configuration in plan, and
J—

—

e

This Sheet Has Been Reflaced

[TLTEL

2 4



10

15

20

a baffie plate 13b vertically connected on an edge of a top end of
the fitting platé 13a. Other end of the fitting plate 13a is fixed
to the inner wall of the mixing vessel 1. To position the baffle
plates 13b inside the helicai'ribbon blades 6, the helical ribbon
blades 6 are cut at its predetermined regions near the fixed
positions of ﬁhe fitting plates 13a, and the fitting plates 13a
passes therethrough. 1In this émbodiment, the helical ribbon blades
6 are preferably cut by its devgloped length of equal to or less
than 20 percent in order to avoid lowering of mixing efficiepcy.
FIG. 3C illustrates the bottom ribbon blades 7, each of which has
an edge formed in'such a manner as to correspond to the logarithmic
séiral curve a§ that of the other embodiment. .

Further; FIG. 4A and 4B illustrate the baffles 13 of
another arrangement, each of which comprises the ;itting plate 13a
fixed to the inner wall of the mixing wvessel 1 above the helical
ribbon blades 6, and the baffle plate 135, an upper portion of
which is connected to the fitting plate 13a. Whereby, the baffle

plates 13b are disposed inside of the helical ribbon blades 6 and

.extend to the lower region of the mixing vessel 1.

In addition, means for driving the helical ribbon blades 6

can be fully designed within the scope of the present'invehtion.

This specification is by no means intended to restrict the
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present invention to the preferred embodiments set forth therein.
Various modifications to the inventive mixing apparatus and the
bottom ribbon blade 7 used therein, as described herein, may be made

by those skilled in the art without departing from the spirit and

5 scope of the present invention.
(%iﬂ
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= 15
20
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Claims

WHAT IS CLAIMED AS NEW AND DESIRED TO BE SECURED BY LETTERS PATENT OF
THE UNITED STATES IS:

1. A mixing apparatus for being driven by a driving
5 device, comprising:

a vertically positioned mixing vessel including a
cylindrical wall and a bottom wall disposed in a lower portion of
said dylindfical wall, wherein said bottom wall is of one of a seﬁi—
-ellipsoid; a dished shape, and a circular cone shape with an obtuse

10 apex angle, each of convex surfaces of which is oriented downwardly;
an impeller shaft vertically and coaxially aligned
within said mixing vessel and connected to said driving device;

at least one helical'ribbon blade disposed within
said mixing vessel in such a manner as to be rotated by said driving

15  gevice through said impeller shaft; and
' at least one bottom ribbon blade connected to a
lower end of said helical ribbon blade and disposed in proximity
with said bottom wall from its centef to its periphery, wherein a
'centrallf located portioh of said bottom ribbon blade has its

20 surface substantially perpendicular to said bottom wall, and a

lower edge of said bottom ribbon blade is formed in such a manner as

to correspond to a logarithmic spiral curve at least for its

N
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centrally located portion.

2. The mixing apparatus as set forth in claim 1,
wherein said logarithmic spiral curve is set at an angle of 20° to

45" relative to a circumferential direction.

3. The mixing épparatus as set forth in claim 1 or 2,
wherein said bottom fibbon blade,h#s its surface gradually twisted
in such a way that a twist angle'for a unit length of ribbon is
substantially same thrbugh a portion between a starting place and a

second midway place of said bottom ribbon blade.

4. The mixing apparatus as set forth in claims 1 or 2,
wherein said impeller shaft vertically and coaxially aligned in said

mixing vessel extends above a surface of fluid contents placed

within said mixing vessel and is connected to said driving device;

a plurality of struts are cbnnected to said impeller.
shaft so as to be disposed above said surface of said fluid
contents;

a plurality of posts are respectively connected to
said_sﬁruts and extend vertically and axially inside of said mixing

i

vessel; and



_

A O G

two strips of said helical ribbon blades are
disposed withiﬁ said mixing vessel, andlinner edges of said helical
- ribbon blades are respectiveiy connected to said posts in such a
manner as to be rotated by said driving device through said impeller

5  shaft.

e ' 5. The mixing apparatus as set forth in claim 4,
wherein a central axis of each of said posts passes through a

periphery near said inner edges of said helical ribbon blades.

10
6. ‘The mixing apparatus as set forth in claim 4,
wherein said bottom ribbon blades are respectively connected to
lower ends of said posts by means of supporting rods.

15 7. The mixing apparatus as set forth in claim 5,
wherein said bottom ribbon blades are respectively connected to
lower ends of said posts by means of supporting rods.

8. The mixing apparatus as set forth in claim 3,
20 wherein a ribbon width is 10 to 20 percent of a diameter of said

helical ribbon blades and a helical pitch is 100 to 150 percent of

‘said diameﬁer of said helical ribbon blades.

N tin
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9. The.mixing apparétus as set forth in claim 3,
wherein a ribbon width for a starting place of said bottom ribbon
blade, which is connected to said helical ribbon blade, is
substantially the same as a ribbon width of said helical ribbon
blade, and a ribbon width for a ribbon end of said bottom ribbon
'51adé ié one of substantially the same as said ribbon width of said
helical ribbon.blade and less than 15 percent of a diameter of said

helical ribbon blades.

10, The mixing apparatus as set forth in claim 3,
wherein said impeller shgff vertically and coaxially dligned in said
vessel.extends above a surface of fluid contents placed within said
mixing vessel and is connected to said driving device;

a plqrality of struts are connected to said impeller
shaft so as to be disposed above said surface of said fluid
contents;

a.plurality of posts are respectively connected to
said struts and extend verticglly and axially insidé of said mixing
vessel; and

the two strips of said helical fibbon blades are

disposed within said mixing vessel, ahd inner edges of said helical
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ribbon blades are respectively connected to said posts in such a
manner as to be rotated by said driving device through said impeller

shaft.

11. The mixing apparatus as set forth in claim 4,
wherein a ribbon width is 10 to 20 percent of a diameter of said
helical ribbon blades and a helical pitch is 100 to 150 percent of

said diameter of said helical ribbon blades.

12. The mixing apparatus as set forth in claim 5,
wherein a ribbon width is 10 to 20 percent of a diameter of said
helical ribbon blades and a helical pitch is 100 to 150 percent of

said diameter of said helical ribbon blades.

13. The mixing apparatus as set forth in claim 6,
wherein a ribbon width is 10 to 20 percent of a diameter of said
helical ribbon blades and a helical pitch is 100 to 150 percent of

said diameter of said helical ribbon blades.

14. The mixing apparatus as set forth in claim 7,
wherein a ribbon width is 10 to 20 percent of a diameter of said

helical fibbon blades and a helical pitch is 100 to 150 percént of

This Sheet Has Been Replaced

R




5

10

oz 15
20

* [+ L M S *

said diameter of said helical ribbon blades.

15. The mixing apparatus as set forth in claim 4,
wherein a ribbon width for a starting place of said bot;om ribbon
blade, whiéh is connected to said helical ribbon blade, is
substantially the same as a ribbon width of said helical ribbon
blade, and a ribbon width'for a ribbon end of said bottom ribbon
blade is one of substantially the same as said ribbon Qidth of s;id
helical ribbon blade and less than 15 percent of a digmeter of said

helical ribbon blades.

16. The mixing'apparatus as set forﬁh in claim 5,
wherein a ribbon width for a st#rting place of séid bottom ribbon
blade, which is connected to said helical ribbon blade, is
substantially the same as a ribbon width of.said helical ribbdn

. blade, and a ribbon-width for a ribbon end of said bottom rilbon _
blade is one of substantially the same as said ribbon width of said
helical ribbon blade andlless than 15 percent of a diameter of said

helical ribbon blades.

17. The mixing apparatus as set forth in claim 6,

wherein a ribbon width for a starting place 6f'said bottom ribbon
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blade, which is cénhected_to said helical ribbon blade, is
substantially the same as a ribbon width of said helical ribbon -
blade, and a ribbon width for a'ribbon end of said bottém ribbon
blade is one of substantially the same as said ribbon width of said
helicél ribbon blade and less than 15 percent of a diameter of said

helical ribbon blades.

18. : The mixing apparatus as set forth in claim 7,
wherein a ribbon width for a starting place of said bottom ribbon
blade, which is connected to said helical ribbon blade, is

substantially the same as a ribbon width of said helical ribbon

blade, and a ribbon width for a ribbon end of said bottom ribbon

blade is one of substantially the same as said ribbon width of said
helical ribbon blade and less than 15 percent of a diameter of said

helical ribbon blades.

19. The mixing appafatus as set forth in claim 8,
wherein a ribbon width for a starting place of said bottom ribbon
blade, which is connected to.said helical ribbon blade, is
substantially the same as a ribbon width of said helical ribbon
blade, and a ribbon wi&th for a ribbon end of said bottom ribbon

blade is one of substantially the same as said ribbon width of said
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helical ribbon blade and less than 15 percent of a diameter of said

helical ribbon blades.

20. The mixing apparatus as set forth in claim 1,
wherein at least one baffle is disposed inside of said helical

ribbon blade.

21. The mixing apparatus as set forth in claim 20,
wherein said baffle includes a fitting plate, one end of which is
fixed to an inner wall of said mixing vessel, and a baffle plate
connected to the other end of said fitting plate and disposed inside
of said helical ribbon bladé, wherein said helical ribbon blade is
cut at predetermined positions for positioning of said fitting plate

in said mixing vessel.

: 22. The mixing.apparatué as set forth in claim 20,
wherein said baffle includes a fitting plate, one end of which is
fixed to an inner wall of said mixing vessel and a baffle plate
connected to the other end of said fitting plate such that said

baffle is disposed inside.of said helical ribbon blade and extends

vertically to a lower region of said mixing vessel.
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23. Alblade for a mixing vessel which comprises:
at least one bottom ribbon blade disposed in
proximity with a bottom wall of a mixing vessel from a center to a
periphery of said bottom wall, wherein a centrally located portion
of said bottom ribboq blade has its surface subsﬁantially
perpendicular to said bottom wall, and a lower edge of said bottom
ribbon blade is formed in such a.manﬁer as to correspﬁnd to a

logarithmic spiral curve at least for its centrally located portion.

24, The blade as set forth in claim 23, wherein an upper
end of said bottom ribbon blade is connected to a helical ribbon

blade.

25. The blade as sét forth in claim 23 or 24, wherein
-said logarithmic spiral curve is set at an angle of 20 to 45°
'relative to a circumferential direction.

26. The blade as set forth in'claims 23 or 24, wherein
said bottom ribbon blade has its surface gradually twisted in such
a way that a twist angle for a unit length of ribbén is
substantially Same through a portion between a starting place and

second midway place of said bottom ribbon blade.
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27. The blade as sat forth in claim 25, wherein said
bottom ribbon blade has its surface gradually twisted in such a way
that a twist angle for a unit length of ribboen is substantially
same through a portion between a starting place and a second midway

place of said bottom ribbon blada.

d
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