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MIXING APPARATUS AND BOTTOM RIBBON BLADE USED THEREIN

BACKGROUND OF THE INVENTION

5 Field of the Invention:

This invention relates to a mixing apparatus adapted for

viscous fluid contents and a bottom ribbon blade used therein.

Disqussion of the Background:
10 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
15 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

\\ 20 .  cylindrical wall 2 sy tﬁe horizontal struts 5, and a flat-shaped
\\ impeller blade 11 codnected to a lower end of the impeller shaft 4,
\\ with its éurface perpendidular to the bottom wall 3.
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vessel .wal |s for tenperature control in chenical reaction processes. FIGS

SA:and“SB Il lustrate a m xing apparatus of a conventional type, which

cohrpri ses a m xi ng vesse
of a sem-ellipsoid disposed at a | ower end of the cylindrical
i npel | er shaft 4, a plurality of horizonta
I npell er shaft 4, a pair of helical
side of the cylindrical

2 and a bottom wal |
_ wal | 2, an
struts 5 connected to the

ri bbon bl ades 6 supported to an inner
struts 5, and a

1 having a cylindrical wall

wal |l 2 by the horizontal

flat-shaped inpeller blade 11 connected to a | ower end of the inpeller

shaft 4,

s

Fr

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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Mﬂth‘lts surface perpendi cular to the bottomwall 3. = However, a drawback
ot t he” apparat us havi ng the above arrangenent resides in the fact that,
si'nce nmerely the flat-shaped inpeller blade 11 is di sposed in a | ower
regi on of the mixing vessel 1, the fluid cont ents in that region may be
circulated nmerely in a circunferential direction by a rotating notion of

t he

region of the bottom wall 3 merely by modifying the configuration of
. the helical ribbon blades 6 iﬁ éonventional manners.
Contrary to'the above arrangements, there has been
proposed a conventional mixing apparatus of another type in view of
5 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
10 relatively large space for the installation is required due to the
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
15 has a hemispherical shape, and a helical ribbon blade extends to
Fhe 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,
20 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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i npelTer blade 11, and consequently have poor nixing with the fluid
gghntents -in other regions of the mxing vessel 1, which may lead to
problens in mxing operations. To solve the above-noted drawback, two fl at
bl ades 12 are slantedly connected to both | cwer ends of the helical ribbon
bl ades 6 and are extended in proximty wth the center of the bottomwall 3
al ong an inner.surface of the bottomwall 3, as illustrated in FIGS. 6A and
6B, or the helical ribbon blades 6 extend to the center of: t he bottom wal |
3 as having substantially the sane ribbon w dth

Accordingly, it is an object of the presenﬁ invention to
provide a mixing apparatus which can uniformely and effectively mix
‘viscous fluid contents in a reiatively short period of time without
any regions of poor mixing of the fluid contents, in a mixing
5 ©  vessel having a relatively flat bottom wall of a semi-ellipsoid or

- dished shape.

SUMMARY OF THE INVENTION

10 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-

¥ _i5 ellipsoid, dished sﬁape, 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;

20 ' 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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and heljcal pitch thereof as illustrated in FIGS. 7A and 7B. The

appar atuses of these arrangenents solve the poor mxing of the fluid
contents in a circunferential region of the bottomwall 3. However, there
may be left a poor mixing region of substantial volume in a center region
of the bottomwall 3. Consequently, in the mXxing vessel 1 having a
relatively flat-shaped bottomwall 3, the poor mxing of the fluid contents
has not been solved in a lower region, particularly'in the center

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

5 substantially perpendicular to the bottom wall, and a lower edge of

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

A

to a‘logarithmic spiral curve at least for the cgntrally located
portion.

Further, a bottom ribbon blade of the present invention is

10 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

R 15 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

20 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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_.,reQ'Tgn. of the bottomwall 3 nerely bv ntdifying the configuration of the
hefical ribbon blades 6 in conventional manners. Contrary to the above
arrangenents, there has been proposed a conventional mn xing appar at us of
another type in view of the configuration of the bottomwall of the m xing
vessel in order to solve the above not ed drawback. A m xing apparat us of

this type

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
5 center of the mixing vessel, then are sucked again down to the

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

f_:-_'zh
G

-flow pattern sol&es Stagnation of the fluid contents in a bottom
region of the mixihg véésel, while éttaining uﬁiform mixing of the
fluid contents. When the rotational dirgction of the bottom ribbon

10 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.

15 ~ 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

20 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:

I
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dqnp??ges a circular-cone shared bottomwall having an acute apex angl e,

and the helical

However ,

Ay,

There has been further

ri bbon bl ades extend towards the center
in this arrangenent,

of the bottom wal |

al though a relatively | arge space for the
installation is required due to the configuration of the bottomwall,
amount of the fluid contents treated in the m xi ng vessel
substantially increase.

t he
does not

_ proposed a m xi ng appar at us
described in the U S. Patent No. 3,675,902, wherein a bottomwall has a
hem spherical shape, and a helical ribbon blade extends to '

FIG. 1A is a cross sectional view of one embodiment of the

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. 3A4;

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

view

view

view

view

view

view

view

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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t he EkLaI center of the mixing vessel, with its blade surface perpendicul ar
tsoran i nner surface of the hem spherical bottomwall. However, the
configuration of the bottomwall presents a drawback in view of the
instal | ation space as described above. In addition, such configuration is
not generally enployed for mxing vessels except where the highly
pressurized fluid contents are to be maintained in a vessel.

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
5 conventional mixing apparatus;

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

o in FIG. 7A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10
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
ﬁif 15  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

20 shown) .

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

Plurality of horizontal struts 5 with predetermined spacing from one
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Accordingly, it is an object of the present invention to provide a m xing
apparatus which can uniformy and effectively mx viscous fluid contents
Fn-a relatively short period of time wthout any regi ons of poor m xing of
the fluid contents, in a mxing vessel having a relatively flat bottom
wal | - of a. semi-ellipsoid or dished shape. SUMMARY OF THE | NVENTION | n-
accordance with the present invention, there is

another. Two strips of helical ribbon blades 6 are respectively
connected to outer ends of the horizontal steuts 5. Each helica}
ribbon blade 6 has a predetermined ribbon width and helical pitch
defining a helical surface, and is positioned in such e manner as to
5 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
10 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

é%? 15 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

20 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

_ﬂ_;,_————f——;";;~—
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provided a m xing apparatus conprising: a vertically positioned m xing
vessel including a cylindrical wall and a bottomwall disposed in a |ower

~ poition of the cylindrical wall, wherein the bottomwall is of a semi-

el i psoid, dished shape, or C|rcular cone shape with an obtuse apex angle,

and each of the convex surfaces of which is oriented downwardly; an

i npel l er shaft vertically and coaxially aligned within the nixing v?ssel;

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
5 which.is expressed by an exponential function in polar coordinates:
. T=Ie exp (-cf) in which_a general constant.c is set at the value of
Gt 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
10 ~ 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

5EJ -15 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
20 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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at..1'éast one helical ribbon bl ade di sposed within the m xing vessel in such
a.manner as to be rotated by a driving nmeans through the inpeller shaft;
and at | east one bottomribbon bl ade connected to a | ower end of the
helical ribbon blade and disposed in proximty with the bottomwall from
its center to its periphery, wherein a centrally '

within the mixing vessei 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

“‘ﬁﬁ'ﬁﬁ‘fi‘iirﬁﬂi fi
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| ocat’ed, portion of the bottomribbon blade has its surface substantially
perpendicular to the bottomwall, and a |ower edge of the bottomribbon

bi ade is formed in such a manner as to. correspond to a logarithm c spiral
curve at least for the centrally |located portion. Further, a bottomribbon
bl ade of the present invention is characterized in that it is di sposed in
proximty with a bottomwall of a m xing vessel froma center to a

peri phery of the bottomwall, wherein a centrally |ocated portion of-the
bottom ri bbon bl ade :

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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has its surface substantially perpendicular to the bottomwal I, and a | ower
edge of the bottomribbon blade is forned in such a manner as to correspond
to a logarithmic spiral curve at least for the centrally located portion
Wth the arrangenents defined above, when the bottomribbon blade is
rotated by the driving means in such a direction that the helical ribbon

bl ade moves the fluid contents upwardly along the cylindrical wall, the
fluid contents are sucked downwardly al ong the axial center of the mxing
vessel into the center region

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,
5 the bottom ribbon blade 7 is undesirably elongated, which consumes
a relatively large amount of power, and decreases the radial pumping
Qiﬁ ~ 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
10 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-

15 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'.

20 That is,.the fluid contents 8 are sucked into a center
region of the boﬁtom wall 3 from the above and are moved outwardly

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

i
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of the bottomwall, and discharged radially and outwardly along the 6

.botton1wal

contents,
t he rotation of the helical ribbon blade, turn to a center near a surface
of the fluid contents, go downwards al ong the axi al

10

15

20

This Sheet Has Been
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by the rotation of the bottoemribbon blade. The fluid
sent outwardly, are noved upwardly along the cylindrical wall bv

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

-

i
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cgntér”of the m xing vessel, and then are sucked again down to the bottom
wall by the rotation of the bottomribbon blade. Such a flow pattern sol ves
stagnation of the fluid contents in a bottomregion of the mxing vessel ,
while attaining uniformmxing of the fluid contents. Wen the rotational
direction of the bottomribbon blade is reversed, the fluid contents are

al so reversely circul ated, 'solving the stagnation thereof in the bottom
region of the mxing vessel in the sane manner as the above defined -fl ow

pattern.
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 7é is preferably
formed in such a manner as to correspond to the logarithmic spiral
5 curve which is expressed by the exponential function in polar

coordinates: r=r, exp (-cf), in which a general constant c is set

at a value of tangent 20° to t;nggnt 45° , provided that r, (meter)
expresses a length of r in §=0 rad.
Further, the mixing apparatus of the above embodiment
10 - employs two strips of the helical ribbon blades 6. However, instead
of that number, oﬁe Or more tﬁan 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
@i}: - 15 ' first embodiment, except that the 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
20 strips of helical ribbon blades 6, which means that the posts are
positioned on a bounéary layer between the upward and downward

fluid flow of the fluid contents 8, whereby flow resistance of the
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BRI EF DESCRI PTI ON OF THE DRAW NGS vari ous ot her objects, features-and
.attendant advant ages of the present invention will be nore fully
~appreC|ated as the same becones better understood fromthe follow ng

det ai | ed description when considered in connection with the acconpanying
drawi ngs in which like reference characters designate |ike or corresponding
parts throughout the several views and wherein:

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
5 radially extending struts 5. The impeller shaft 4 is cut or

discontinued below its connected'portion to the struts 5 such that

s 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
10 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

e 15 ribbon blades 7 are 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
20 10 can be omitted by ihcreasing the rigidity of the helical ribbon
" blades 6 per se, Howevg:, it is not economical to employ the

helical ribbon blades 6 having the fequired rigidity, since it may
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0.1 NQV 1996 FIG 1A is a cross sectional view of one enbodi nent of t he
present invention; FIG 1B is a cross sectional view taken along line |-I
fn FIG 1A FIG 2Ais a cross sectional view-of another enbodlnent of the
present invention; FIG 2B is a cross sectional view taken along line Il-11

increase the manufaéturing cost thereof.

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

5 the different configuration of the bottom wall 3 of this embodiment.

However, both of the bottom ribbon blades 7 of the first and

;'.-i!}i

o

.7 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
10 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

e
i
4!

Q;- 15 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

20 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 R,
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in FI'G, 2A; FIG 3Ais a cross sectional view of a further enbodi nent of
the present invention; FIG 3B is a cross sectional view taken along |ine
FT1-111 in FIG 3A; FIG 3Cis a cross.sectional view taken along line
IV-I1Vin FIG 3A. FIG 4Ais a cross sectional view of a further enbodi nent
of the present invention; :

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

5 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.

10 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

15 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

20 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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FI.G. 4B is an enlarged partial plan view of FIG 4A;, FIG SAis a cross
sectional view of a conventional mxing apparatus; FIG 5B is a cross
sectional view taken along line V-V in FIG 5A; FIG 6A is a cross
sectional view of another conventional _

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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8.m xi.pg apparatus; FIG 63 is a cross sectional view taken along |ine
M-Vl in F-G 6A; FIG 7Ais a cross sectional view of yet another
con-ventional mixing apparatus; FIG 73 is a cross sectional view taken
along line VII-VIl in FIG 7A. DESCRI PTION OF THE PREFERRED EMBCDI MENTS

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

5 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

10 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

Q?i 15 ° is likeiy that the bottom ribbon blades 7, having such a large

width, obstruct smeoth suctionlof the fluid contents é 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
20 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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Ref ‘erring to the first enbodi nent of FIGS. 1A.and 13, a mixing vessel 1
conprises a cylindrical wall 2, a bottomwall 3 of a sem -ellipsoid which
is disposed at a | ower end of the cylindrical wall 2, and a top cover (not
shown) attached on an upper portion of the cylindrical wall.2. The m xing
vessel 1 is held such that the cylindrical wall is vertically positioned
relative to the ground. An inpeller shaft 4 is vertically and coaxially
aligned within the cylindrical wall 2 and its upper end is rotatably
connected to a driving neans  di sposed above the top cover (not

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
5 .caused by the impeller shaft 4, the struts 5, and the posts 9.
Testing conducted in order to determine the mixing effect
%ﬁ: 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
10 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
GEE 15 had an inner diametér 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.
20 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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shomm) On a |lower portion of the inpeller shaft 4 is connected a plurality
.of horizontal struts 5 with predeternined spacing fromone - 9 another.

Two strips of helical ribbon blades 6 are respectively connected to outer
ends of the horizontal struts 5. Each helical

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,
5 two pdsts 9 and two supporting rods 10.
After the corn sirup was poured into the mixing vessel 1
€;f 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
10 fluid contents uniformely. Then, anothef mixture, which had been
made by mixing 120.ml of 1 mol/{ sodium thiosulfate aqueous
solutiqn and 240 ml of raw corn sirup so as to adjust the mixture's
~ viscosity to about 50 pars, was poured on a surface of the contents
~within thé mixing apparatus operated at an impeller-rotational
ﬁii- 15 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
20 ten minutes within thé 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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ribbon bl ade 6 has a predetermined ribbon w dth and helical pitch defining
a helical surface, and is positioned in such a manner as to have a
predeterm ned clearance L froman inner surface of the cylindrical wall 2.
Two strips of bottomribbon blades 7 are respectively connected to |ower
ends of the helical ribbon blades 6, and are positioned in such a manner as
to define a clearance L' froman inner surface of the bottomwall 3, the

cl earance L' being substantially the same as the clearance L. Referring to
FIG 1B, a whole length of each bottom ribbon

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 hélical 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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blade J/ 1s defined by a startlng place 7a which is connected to the | ower
-end of a helical ribbon blade 6, a first mdway place 7b which is on the
way to a center of the bottomwall 3, a second m dway place 7c which is
closer to the center of the bottomwall 3, and a ribbon end 7d which is

still closer to the center of the bottomwall 3. Between the starting place
7a and the first mdway place 7b, an edge 7e of each bottomri bbon bl ade 7,
whi ch faces the bottomwall 3, lies on an inmaginary helical surface

ext ended domnmards froma helical ribbon blade 6, to which the bottom

ri bbon
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

5. blades 7 made in this manner can fully provide the above-described
mixing effects.

'Qgﬁ 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,

10 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

Q%ﬁ 15 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

20 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

. e
//,_.
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=blade 7 is connected. Between the first mdway place 7b and the ribbon end
a?d t e edge 7e is formed in such a nanner as to 10 correspond to a
l'ogarithmc spiral curve which is set at an angle of 30" relative to a
circunferential direction. Tha-is, the edge 7e between the first m dway
pl ace 7b and the ribbcn end 7d is fornmed

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
5 blades 6 are cut at its predetermined regions near the fixed
positions of ﬁhe fitting plates 13a, and the fitting plates 13a
q{; 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.
10 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
!ﬁfﬁ 15 fixed to the inner wall of the mixing vessel 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 ribbén blades 6 and
.extend to the lower region of the mixing vessel 1.
20 . In addition, means for driving the helical ribbon blades 6
can be_fully designed within the seope of the present'invehtion.

This specification is by no means intended to restrict the
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|n such a manner as to correspond to the logarithmc spiral curve which is
expressed by an exponential function in polar coordinates: r=[err] exp
([err]) in which a general constant ¢ is set at the value of tangent 30',
provided that [err] (nmeter) expresses a length of r in [err]=0 rad. A
surface of each bottomribbon blade 7 is fornmed as follows: At the starting
pl ace 7a, each bottomribbon blade 7 is on the helical surface defined by
the helical ribbon blade 6. Between :

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.

10
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t he sécond m dway place 7c and the ribbon end 7d, the bottomribbon bl ade 7
has its surface substantially perpendicular to the bottomwall 3. Between
the starting place 7a and the second n1dmay pl ace 7c, the bottomribbon
blade 7 has its surface gradually twisted in sueh—wwaTTTﬁ'tﬂst angl e

for a unit length of ribbon is substantially the portion
bet ween the two places. The first and second m'd\‘\g mmm 7c are
determ ned as described herein. First, a surface Ravengtthe predetern ned
cl earance L'

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

This Sheet Has Been Re

HII!IH U ﬁll




with respect to the inner surface of the bottomwall 3 is conceived
wi-thin'the m xing vessel 1. The helical surface defined by the heli cal
ri'bbon blade 6 is extended downwardly, and cr ossed—te—the—concerved
.surface. Then, a |line defined by crossing these t

cones to a curved line drawn fromthe starti ng pl qui‘“{ imwml“mrfl rst-
m dway pl ace 7b tomards the center of

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

5 45" relative to a circumferential direction.

Qf; 3. The mixing epparatus as set forth in claim 1 or 2,
wherein.said bottom fibbon blade,hes its surface gradually twisted
in such a way that a twist angle'for a unit length of ribbon is

10 substantially same threugh 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

(=% 15 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 cennected to sai& impeller.
shaft so as to be disposed above said surface of said fluid
contents;
20 a plurality of posts are respectively connected to

said_sﬁruts and extend vertically and axially inside of said mixing

vessel; and ~ ;/emas;“/“’;
N



the botton1mall 3.

An angle of the curved line relative to the c

;rcunferentlal di ection, when pr0jQQLQQ_QE~§7E9;%Q8332| pl ane, gradually
increases fromO[err] at the starting place s the curved line
approaches the center of the bottcm i"mmn hly connect the curved
line to the logarithmc spiral curv ”ﬂﬂ;mﬂmmﬂﬂerm ned angle to the

circuneferentia
the angle of the curved line relative to the circunferential
to that of the logarithm c spiral

equal

direction, the curvéd fine i%s conmrected at a pl ace where

direction is
the first

curve. As a result,

m dway place 7b is

5

10

15

AP
1Y

20

two strips of said helical ribbon blades are

disposed within said mixing vessel, and inner edges of said helical

" ribbon blades are respectively connected to said posts in such a

manner as to be rotated by said driving device through said impeller

shaft.

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.

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.

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,
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



dg_t ernj ned. The second midway place 7c is determned with consideration of
the twist angle for a unit length of ribbon. In this enbodi nent, each '
bottom ri bbon blade 7 is twi sted about 90 fromthe starting place 7a where
the surface of the bottomribbon blade 7 is alnost horizontal, to the

second mi dway place 7c where the H mﬂuu”im”ﬁn vertical, while the
di stance between the two places a _ ,is-deternined to be a
little over five et oM s e o .

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

5 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

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;

15 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
20 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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1,2 figes as much as the width of the bottomribbon blade 7. "That is, the
twi st angle for a unit length of ribbon is selected to have a val ue of
about 15[err] per one ribbo ' . -st-ance devel oped-frcmthe
starting place 7a to the seco ' c is extrenely short, the
bottom ri bbon blade 7 is har ”“l“HmIm ﬂ%ﬁl twsting a flat plate of
steel or T ¢ L KM os ox :

ribbon blades are respectively connected to said posts in such a
manner as to be rotated by said driving device through said impeller

shaft.

5 11. The mixing apparatus as set forth in claim 4,

wherein a ribbon width is 10 to 20 percent of a diameter of said

éff helical ribbon blades and a helical pitch is 100 to 150 percent of
said diameter of said helical ribbon blades.

10 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.

G 1 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.

20 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
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the Iike in a sinple manner. In addition, such steep twi st of the bottom
Jlbbon bl ade 7 may cause dlstu flom/to smoot hly change
itfs direction along the tom ri bbon bl ade 7 he ntrary, if the

di stance between the startl ng plljﬂﬂlﬂm"jmllmlﬂ “[acond m dvvay pi ace 7c as
defined above is greatly el ongat he surface of the bottom
ribbon blade 7 relative to the bottomwal [ 3°becones consi derably small er

except for a short length of the bottomribbon blade 7 fromthe starting
pl ace 7a. Accordingly, it may | ower inherent advantages of the

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 bottom ribbon
5 blade, which is connected to said helical ribbon blade, is

substantially the same as a ribbon width of said helical ribbon

Q;f 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

10 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

Q~i 15 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.
20
17. The-mixing apparatus as set forth in claim 6,

wherein a ribbon width for a starting place 6f'said bottom ribbon

il




bott.ér'n.ri bbon bl ade 7, that is,_it may decrease radial punping of the fluid

contents 8 by the botton1r|bbon bl ade ce between the starting
pl ace 7a and the second m dway p”m defined, is determ ned
Wi th consideration of these prob ”m" me angl e of the logarithmc
spiral to the circunferential dir&ctior i s psef ably set so as to be in

the range of 20" to 45, since if that ‘angle is set over that range, the

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
5 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 ribboh
10 blade, which is connected to said helical ribbon bladé, 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 perceﬁt of a diameter of said

3 15 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

20 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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REPLACENENT SHEET 0 1 JUL 1999 13 configuration of the bottomribbcn bl ade
Z ‘betohes sinilar to that of the conventional m Xi ng appar atus as
ilMustrated in FIG 5, which causes the poor mxinc of the fluid contents 8

in the center region of the bottomwall 33—+ —the—angte TS Set bel ow t hat

‘range, the bottomri bbon bI.ade 7 is undesi rTﬁi\i‘!ﬁ“ﬁmﬂhﬁfum\m ch cor:surres

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,
5 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
10 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.

v 15
: 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
20 baffle is disposed inside of said helical ribbon blade and extends

vertically to a lower region of said mixing vessel.
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"'-'a. rel ativelv large anount of power, and decreases the radial punping of the
L §14Ui® Contents 8 along the bottomwall 3. In this enbodinent, a flcw
ﬁpattern of the fluid contents 8 is fofﬁﬁa‘5§‘f6rrows——+ﬂ—order to solve

t‘he probl em of poor nixing. Wen t aft 4 is rotated in
such a manner as to orient the punping GH@ elical ribbon
= blades 6 upwardly (in the direction of arfows @ , the fluid
Z contents 8 are noved radically along the bottomwall 3 by the bottom
23. A blade 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
5 of said bottom ribbon blade has its surface subsﬁantially
perpendicular to said bottom wall, and a lower edge of said bottom
@fﬁ ribbon blade is formed in such a manner as to correspond to a

logarithmic spiral curve at least for its centrally located portion.

10 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
ﬁji 15 -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
20 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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ri bbon bl ades 7 in the same nanner as that they are noved in the axial

dirrection of the mxing vessel 1 along cylindrical wall 2 by the rotation
of .t he helical ribbon blades 6, since the bottomritbben—-btades—+

corresponding to the logarithmc spiral curve di sposed with their
surfaces substantially perpendicular to the bo iﬁwn Hu r"tlme m xi ng
vessel 1 through the clearance L'. That is, 8 are sucked
into a center region of the bott om wal | 3 fr0ﬁ1the above and are noved
outwardly al ong the inner surface W the bottomwall 3 by the rotation of

t he

2%. The blade as set 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

5 same through a portion between a starting place and a second midway

place of said bottom ribbon blada.
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bottom ri bbon bl ades 7. Then, the fluid contents 8 smoothly change their
“di-rection fromradially to upwardly in the peripheral region of the bottom
wal | 3 without any serious diverging flow, since the bottomribbon blades 7
are gradually twi sted and snoothly connected to the helical ribbon blades 6
there. Afterwards the fluid contents 8 are noved upwardly al ong the inner
surface of the cylindrical

ABSTRACT OF THE DISCLOSURE

MIXING APPARATUS AND BOTTOM RIBBON BLADE USED THEREIN

.A mixing apparatus includes a bottom ribbon blade adapted
for viscous fluid contents. The mixing apparatus includes a
.vertically positioned mixing vessel'(l) including a cylindrical
wall (2) and a bottom wall (3) disposed on a lower portion of the
cylindriéal wall wherein the bottom wall is of a semi-ellipsoid
shape, dished shape, or circular cone shape with an obtuse apex
angle and each of the convex surfaces of which is oriented
downwérdly. An impeller shaft (4) is verticélly apd coaxially:
aligned within the mixing vessel and a helical ribbon bléde (6) is
disposed within the mixing vessel in such a manner as to be rotated
by a driving mechanism via the impeller shaft. A bottam ribbon
blade (7) is connected 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
Tribbon blade has its surface substantially perpendicular to the
bottom wall, and a lower edge of the bottom ribbon blade is fqrmed
in such a manner as to correspond t6 a logarithmic spiral curve at

least for its centrally located portion.
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wal |."2 by the rotation of the helical ribbon blades 6, turn into the axial
.eenter in proximty with the surface of the fluid contents 8, are noved
‘downwardly al ong the axial center of the mxing vessel, and are sucked
again by the bottomribbon blades 7. Thus, w thout the occurence of any
regi ons of poor mxing, uniformand effective mxing of the fluid contents
8 can be attained through such sequenti3l flow pattern. In the above
enbodi ment, the bottomwall 3 of the m xing vessel 1 has a sem -ellipsoid
shape. However, a dished shape, or F |G 1A '

.5\ & A 53' 1
& — 2= :——\6

6— :
il I
N |
” | s T
- : = ==\ [/
I ':"'Q.f'ﬂ I
i Lt
| |




circular cone-shape with an obtuse apex angle may be enpl oyed. Such
configuration can save an installation space for the mxing-vessel | which
becones considerably | arger when a circul ar cone- shape bottomw th an
acute apex angle is enployed for the bottomwall 3 to avoid the poor m xing
problem Further, in the above enbodi neft, the edge 7e of each bottom

ri bbon blade 7 is forned in such a manner as to correspond to

FIG.2A
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the Tagarithmc spiral curve, the angle of which is set at 30" relative to
the circunferential 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 logarithmc spiral curve which is expressed by the
exponential function in polar coordinategd: r=[err] exp ([err]), in which a
general constant c is set at a value of tangent 20' to tangent 45",

ah of r-in [err]=0 rad.

provided that [err](neter) expresses




Further, the mixing apparatus of the above enbodi ment enploys two strips of
t.he helical ribbon blades 6. However, instead of that nunber, one or nore

than three strips of the helical ribbon blades 6 can be disposed within the
m xi ng vessel 1. Referring to the second enbodi nent of FIGS. 2A and 2B, the
"m xi ng apparatus has substantially the s arrangenment as the first _
enbodi nent, except that the bottom wall is formed in a circular cone

configuration with an apex angle of 1 rt. A Two strips of the helical
ri bbon bl ades 6 are connected to Foi@Z,A
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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 neans that the posts are positioned on a
boundary | ayer between the upward-and downward fluid flow of the fluid -

contents 8, whereby flow resistance of tﬁe 16

FIG.5A
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post-$’,9- agai nst the upwardly and downwardly circulating fluid fl ow becones,

m:himal . The inpeller shaft 4, which is rotated by the driving neans (not

. shown), is connected to each of, the posts 9 by neans of radially extending
struts 5. The inpeller shaft 4 is cut or discontinued belowits connected

portion to the struts 5 such that the inpeller shaft 4 and the struts 5 are

not sunk into the fluid contents 8. The bottomri bbon bl ades 7, disposed

al ong the bottom wal |

F1G.6A
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3. are respectively connected to | ower ends of the posts 9 by neans of
supporting rods 10. The supporting rods 10 extend towards the axial center
pf< the 'm xi ng-vessel 1 and are connected at their ends to one another for

t he purpose of increasing the nechanical strength thereof. |nner side or
upper side edges of the bottomribbon blades 7 are supported by the
supporting rods 10. In this regard, the posts 9 nmay be bent inwardly to
support the bottomribbon bl ades, and nfy be connected at their ends to one
anot her so as to function as the supporting rods 10.

FIG.7A
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“I'n thi-s arrangerrent the posts 9 and t he supporting rods Témcan be~omtted -
by. i‘ncr.easirg—he t4re-jyettcpl ri bbon bl ades 6 per se. jwever ,
it is not E§ghﬁﬁ?kﬁpgpb§ Eﬁmﬁg h@nhehp,al ri bbon bl ades 6 having the

required r{Fgleperiptioni: fegedi 4 .niP28ed ¢35 herease the manuf acturing cost
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TITLE OF THE INVENTION

MIXING APPARATUS AND BOTTOM RIBBON BLADE USED THEREIN

BACKGROUND OF THE INVENTION

Field of the Invention:

This invention relates to a mixing apparatus adepted for

viscous fluid contents and a bottom fibbon blade used therein.

Discussion of the Background:

Heretofore, helical rigben impellers have been eﬁployed in
many mixing apparatuses due to their better abilities to mix
viecous_fluid contents up and down and to transfer heat through
vessel walls for temperature control in cﬁehlcal feactlon processes.

FIGS. 5A and 5B illustrate a mixing apparatus of a
conventional type, which comprises a mixiﬁg 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.

REPLACEMENT SHEET
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*The bottom ri bbon blades A dance with this enbodi nent, are forned
in a configuratiofps Ltﬁnﬁﬁgﬁ]SHEEB t fromthat of,iinLJULLiL_QﬂDQQLH%ﬂt
for the purpose off"Go% olthe different conflguratlon of the

"Bottomwal | 3 of t}hils enb wever, both of t Wﬂhﬁn‘imb bl ades

7 of the first an e
desi gn manner. Th
pl ace 7b, an edge
wal | 3 has the pre

A edstarti pl ace 7a n1dmay
e of each botton1r|bbon | ade 7, which faces € bottom
t-erm-aee—ctearance LI with

However, a drawback of the apparatus having the above
arrangement resides in the-fact that, since merely the flat-shaped
impeller blade 11 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

impeller blade 11, and consequently have poor mixing with the fluid

RartN

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 ribb;n blades .
.6 and are extended in proximity with the center of the bottom wall 3
along 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 illus£rated in FIGS. 7A and 7B. The
apparatuses of these arrangements solve the poor mixing of the fluid
contents.iﬁ a circumferential region of the bottom wall 3.
However, there may be left a poor mixing region of substantial
volume in a center region of ﬁhe 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, particularly in the center



‘respect to the inner surface of the bottomwall 3 and lies on the L%aglnary

heli‘cal surface extended downwards froma helical
-the bottomribbon-blade 7 {5 _connected. In additio

‘the first mdway place 7b ind the ribbon end 7d ha

clearance L' to tH®& liged and is formed i
correspond to the If ral curve which
: direction as in th

(D5

he predetern1ﬁed
ucd) \NOWIE9Er asito

et at an angl bf  30°

Whi ch
ween

relative to the ci

—

- i +st—enbodl ment § That
i's, as descrlbed in the first enbodlnent .3t he edge |7e bet ween Lhe_L+Ast

region of the bottom wa11‘3 merely by modifying the configquration of
the helical ribbon blades 6 in éonventional manners.

Contrary to the above arrangements, there has been
proposed a conventional mixing apparatus of another type in view of
the configuration of ﬁhe 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 an 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 the
configuration of the bbttom wall, the amount of the fluid contents
treated in the mixing vessel does not substantially increase.

There has been further propoéed a mi#ing 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

perpendiculér 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 configuration is not generally employed for mixing vessels

except that the highly pressurized fluid:contents are to be

maintained in a vessel.



correspond to the logarithmc spiral curve which is e
function in polar coordinates: r=[err]
~which a general cbnsgant c |s set- at the val ue of

[err] (meter): expré@

..exponenti al

Accordingly, it is an object of the present invention to
provide a mixing apparatus which can uniformely and effectively mix
viscous fluid cqnteqﬁs in A relatively short period of time without
any regions of poor mi#ing 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 with the present invention, there is

provided a mixing apparatus comprising:

a vertically positioned mixing vessel including a
cylindrical wall and a bottom wall disposed 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 cbtuse 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



The surface cf each bcttcmribbon blade 7 is also forned in the sanme manner

as i'n the first enbodipepte—tach bottomribbcn blade 7 and the respective
zhelical ri bbopgBhadens Q§§HE? e sane helical 'surface at the starting

-pl ace 7a, and|fBe=RANEY +56bnl bl ade 7 has its surface perpendicular to

t he bottom walil hejs¢cond m dway place 7c and the ribbcn end 7d
whi ch i's posit}li dne@ ¢genter of the bottomwall 3. Further, between

at least one bottom ribbon blade connected 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 blade has its surface
substantially perpendicular to the bottom wall, and a lower edge of

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

l‘!'!‘

L to a logarithmic spiral curve at léast for the centrally located
portion. ' -
Further, a bottom ribbon blade of the present invention is
characterized in that 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 surfacé“substantially perpendicular to the bottom wall, and
a lower edge of the bottom ribbon blade is formed in such a manner
- as to correspond to a logarithﬁic spiral curve at least for the
gentrally located portion. |
With the arrangements defined above, when the bottom
ribbon blade is rotated by the driving means in such a direction
that the helical ribbon blade moves the fluid contents upwardly
along the cylindrical wall, the fluid contents are sucked downwardly
along £he axial center of the mixing véssel into the center region

of the bottom wall, and discharged radially and outwardly along the



gradual ly twisted in such the way that a twist angle for a unit length. of
ri-bbon.i s substantially sanme between the two places ,AS.Qescrlb bove,
when the inpeller shaft 4 and the struts 5 are fofpm NTEﬁbﬁh”ﬁ ner as

‘not to obstruct the upwardly and downwardly circu M/Of the fluid
contents 8, the smooth fluid flowin the axial dite tlogiﬁ; ng
vessel | can readily be attained in proximty wtf W centEr of the
m xi ng vessel 1. In addition, when each post 9 pags phery

near the inner edges of the helical riQ?on bl ades E;;EELEL——-—*"“"

bottom wall by the rotation of the bottém ribbon blade. The fluid
contents, sent outwardly, are moved upwardly along the cylindrical
wall by the roéation 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 soives stagnation of the fluid contents in a bottom
region §f the mixing vessel, while attaining uﬁiform mixing of the-
fluid contents. When the rotational direction of the bottom ribbon
blade is reversed, the fluid contents are also reversely
circﬁlated, solving thé stagnatiop thereof in the bottom region of
the mixing vessel in the same manner as the above defined flow

pattern.

- BRIEF DESCRIPTION OF THE DRAWINGS

V;rious other objects, features and attendant advantages
of the present invention will Se more fully appreciated as the same
becomes better understood from the following detailed description
when considered in connection with the accompanying drawings in

which like reference characters designate like or corresponding

parts throughout the several views and wherein: ,,————"”'fﬂfa—”’ﬂﬂ’—
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particularly,

when it

be substantially inproved.
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FI1G.

Consequent |y,

1A is a cross

present invention;

FIG.

FIG. 1A;

FIG.

1B is a cross

2A is a cross

the present invention;

FIG.
in FIG. 22;

FIG.
of the present

FIG.
in FIG. 3A;

FI1G.
in FIG. 3a;

FIG.

,0of the present

FIG.

FIG.
apparatus;

FIG.
FIG. 53;

FIG.

2B is a cross

3A is a cross

invention;

3B is a cross

3C 'is a cross

42 is a cross

invention;
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sectional
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sectional

sectional

sectional

sectional

sectional
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the m xi ng speed of t

view

view

view

view

view

view

view

view

is positioned on a boundary |aver between the_«pmard
and -downward fluid flow of the fluid contents 8, ;

.the posts 9 against the upwardly and downwardly circ
“becone m ni nal

cﬁﬁ? - e of
~1L%£ A % 15 can
hel fl uid contentjs 8 can
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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 III-IIX

taken along line IV-IV

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 1s a cross sectional view taken along line V-V in

6A is a cross sectional view of another conventional



To further |rrprove the m xi ng speed of the fluid contents 8, the

rel’ationship |
W dth and heli
‘conmput er si mul
of vertically
to 25 percent
helical pitch
bl ades 6. Th

.
-‘-L

EC &@ﬁg *f vertically circulating flow and the ribbon
° E f hel i cal ribbon bl ades 6 was imvesti gated by

affi ons of flom1 apd it has been fgggg_ngl__Lng_ﬂBXLﬁun1rata
cijr aiNOV 96l ov Fan be- attained en the ribbon wdth is 15

off the dianeterf{of the helical ri bbmgy.haﬂweem ﬁepdt he
r

is 100 to IZ5 perfgent of the di anete 1 bbon
erefore. in this epbodinent 8the ribbq

ri bbon bl ades:

helical
6

mixing apparatus;

FIG. 6B is a cross sectional view taken along line 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

& 7 in FIG. 7A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the first embodiment of FIGS. 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 such that the

Icylindrical wall is vertically positioned relative to the ground.

3

An impeller shaft 4 is vertically and coaxially aligned

within the cylindrical 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



is formed so as to be 15 percent of the dianeter of the helical' ribbon
bl-adés+6 and the helical pitch is forned so as to be substantlaLI equal to
the diameter of the helical ribbon blades 6. Furihe p.?f wils hi p

between mixing time required to uniformy mx th ?hAﬁh Sidlid=s and the

ri bbon width and helical pitch of the helical ribbdn blades 6 wal

I nvestigatéd in m xi ng apparatuses having arrang nt gvﬂnﬁ tp fhe

apparatus of this enbodinent, and it has been foynd t at a condi k Stﬁhere
on

the m xing tine becones mnimal; can be atéained

another. Two strips of helical ribbon blades 6 are respectively
connected to outer ends of the horizontal St;uts's. Each helical
ribbon blade 6 has a predetermined ribbon width and helical pitch
defining a helical surface, and is positioned in such a manner as to
have a predetérmined Cclearance L from an inner surface of the
cylindrical wall 2. Two strips 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 an inner surface of £he bottom wall 3, the clearance L' being

substantially the same as the clearance L.

Referring to FIG. 1B, 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
e : midway place 7c¢ which is closer to the cen;er of the bottom wall 3,

and a ribbon end 7d which is still closer to the center of the
bottom wa11:3. 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



is 10 to 20 percent of the dianeter of the heli c‘mﬁfﬁi e bl adesgh'fﬁ 20

and-the helical pitch is 100 to 150 percent of t :
_ri bbon bl ades 6 Accordlngly, the heti cal ribbonjblades 6 of thi

“enbodi nent enp

e e

et er.. ol hel i cal

y ' aThis Shbed Hasmeekt Replbiach is wi der {hén @ RAOWTI96he| f§ r st
milr preferable :

10

correspond to a logarithmic spiral curve which is set at an angle

of 30 relative to a circumferential direction. That is, the edge
7e between the first midway place 7b and the ribbon end 74 is formed
in such a manner as to correspond t§ the logarithmic spiral curve
which is expressed by an exponential function inm polar coordinates:
r=r. exp (-c¢cfd) in which a general constant ¢ is set at the v;lue of
tangent 30°, provided that r.(meter) expresses a length of r in §=0

rad. . -

A surface 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 ribbon
blade 7 has its surface substantially pe;pendicular to the bottom
wall 3. .éetween the starting place 7a and the second midway place
7c, the ﬁottom ribbon blade 7 has its surface gradually twisted in
such a wa; that a twist angle foﬁ a unit length of ribbon is
substantially same through the portion between the two places.

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

with respect to the inner surface of the bottom wall 3 is conceived



condition found in this result. To correspond to the ribbon width of the
helircal ribbon blLades_6__the bottamri bbon bl ades 7 of thIS enbodlnent are
f ormed such that the mndth thereof i s-wi der than (

‘embodi ment ar ound di al periphery o 3 YAV St
However, each bott ﬂ 7 gradually reddcds its width a
cl oser to t he cent mwal |l 3, and cons qugntNQVB@%b

order of 60 percent of the width of t he startlng ce 7a, since
bottom ri bbon bl ades 7 extend to -

tt comes
s|on the
ifi the

within the mixing vessel 1. Thg helical surface defined by the
helical ribbon blade 6 is extended downwérdly, 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
place 7a through the first midway place fb 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
connect the cﬁrved line to the logarithmic spiral curve having a
predetermined angle to the circumeferential direction, the curved
line is connected at a place where the angle of the curved line
relative to the gircumferential direction is equal to that of the
logarithmic spiral curve. Whereby, the first midway place 7b is
Lo determined.

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

I3



the center of the bottomwall 3, maintaining the initial width, it is

l'i-kety.that the bottomribban des 7, having sueh—&—LaLge—mdeh_-obstruct

snmoot h suctionfg e ' SHEET nts 8 to the vicin of t he |nner surface
of the bottom W&kl

al portion thereof’ h fai ni ng
the inherent advant ages of the b_ ttom ri bbon bl ades I nmote the
radi al punpi ng {of t0€1NOWﬂﬁ”bort nts 8 along the bot e rate of

vertically circuljating flow ¢ e increased by selectively enploying a
preferable ribbpn~wdth and hel i dal 12

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
aboui 15 per one ribbon width.

If the distance developed from the starting place 7a to
the second midway place 7c¢ 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 caﬁs; disﬁurbance for the fluid flow to .

smoothly change its direction along the bottom ribbon blade 7.

On the contrary, if the distance between the staréing
place 7a and the second'midway place 7¢c as defined above is greatly
elongated, an angle:of the surface of the bottom ribbon blade 7
relative to the bottom wall 3 becomes considé;ably smaller except
for a short length of the bottom ribbon blade 7 from the starting

%_7 place 7a. Accordingly, it may lower inherent advantages of the
bottom ribbon blade 7, that is, it may decrease radial pumping of
the fluid c$ﬁtents 8 by the bottom ribbon bléde 7. The distance
between the starting place 7a and the second midway place 7c¢, as -
above defined, is detérmined witﬁ consideration of these problems.

Further, the angle of the logarithmic spiral to the
circﬁmferential 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



21 pitch of the helical ribbon blades 6 in such a manner as to inprove
power -efficiency relating_tg Lhejcirculating flowrate. This can further

. nprove m xing (Eﬂmﬁggqn ion with the above*deseffbed—eiiecL_mh|ch
"i's attained by F ijst ance caused by: t?ﬂs@ﬁ&?&é r ft 4, the

M |1 i

13

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 f£luid contents 8 in the center
region of the bottom wall 3. If the angle is set below that range,
the bottom ribﬁon blade 7 is undesirably elongated, which consumes

a relatively large amount of power, and decreases the radial pumping

.;--r-' .

of the fluid contents 8 along the bottom wail 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 such a manner as
t0 orient the pumping direction of the helical ribbon blades 6
upwardly (in the direction of arrows of FIG. 1A), the fluid contents

8 are moved radially by the bottom ribbon blades 7 in the same

-’

ie-' manner as that they are moved in the axial direction of the mixing
| , vessel 1 by the rotation of the helical ribbon blades 6, since the
bottom ribgon blades.?7 corresponding to the 1o§arithmic spiral curve
-are disposed with their surfaces substantially perpendicular to the
bottom wall 3 of the'mixing vessel 1 through the clearance L'.
That is, the fluid contents 8 are sucked into a center
region of the bottom wall 3 from thé above and are moved outwardly

along the inner surface of the bottom wall 3 by the rotation of the
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bottom ribbon blades 7. Then, the fluid contents 8 smoothly change
their direction f£rom 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 smoothiy connected
to the helical ribbon blades 6 there. Afterwards the fluid content§
8 are moved upwardly along the inner surface of the cylindrical
s . wall 2 by the rotation of the helical ribbon blades 6, turn into
the axial center in proximity with the surface of the fluid conteits
8, are moved downwardly along the axial center of the mixing
vessel, and are sucked again by the bottom ribbon Eladés f. 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-ellipsoid shape. However, a dished shape, or
: circular cone-shape with an obtuse apex angle may be employed.
Such confiéuration can save an installation space for the mixing
vessel 1 which becomes considerably larger when a circular cone-
sﬁape bottom with an acute apex angle is employed for the bottom
wall 3 to avoid the poor mixing problem.
'Further, 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 angle of which is set at 30°
relative to the circumferential direction. However, it may be set
at a range of from 20° to 45°'. 'That is, the edge 7é is preferably
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 wﬁich a general constant c is set
= at a value of tangent 20' to tgngent 45’ , provided that r, (meter)
expresses a length of r in §=0 rad. _ y

Further, the mixing apparatus of the above embodiment
employs two strips of the helical ribbon blades 6. Howevér, 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 hés substantially the same arrangement as the
first embodiment, except that the bottom wall 3 is formed in a
circular cone configuration with an apex ;ngle of 120°.

-Two'strips of the helical ribbon blades 6 are connected to
a plurality of posts 9 such that the central axis of each of ﬁhe
pqsts 9 passes through a periphery near the inner edges of the two
strips of helical ribbon blades 6, which meané 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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posts 9 against the upwardly and downwardly 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 its connected portion to the struts 5 such that

S the impellér shaft 4 and the struts 5 are not sunk into the fluid
contents 8. | ' | -

The bottom ribbon blades 7, disposed along the bpttom wall
3, are respectively connected to lower ends of the po#ts 9 by means
of supporting rods 10. The supporting rods 10 extend towards the
axial center of the mixing'vessel 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 are supported by ﬁhe supporting rods 10. In this

regard, the posts 9 may be bent inwardly to support the bottom

ribbon bla&es, and may be connected at their ends to one another so
as to function as the supporting rods 10,

In this arrangement, the posts 9 and the suppbrting rods
10 can be omitted by increasing the rigidity of the helical ribbon
bladés 6 per se. Hoﬁevgr, it is not economical to employ the

helical ribbon blades 6 having the required rigidity, since it may
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increase the manufacturing cost thereof.

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

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

That is, between the sfarting place 7a and the first -
midway place 7b, an edge 7e of each bottom ribbon blade 7, which
faces the bottoﬁ wall 3 has the predetermined clearance L' with
respect to the inner surface of the bottom wall 3 and lies on the
imaginary helical surface extended downwards from a helical ribbon
blade 6 to which the bottom ribbon blade 7 is connected. In
addition, the edge 7e between the first midway place 7b and the
ribbon end 7d has the predetermined clearance L' to the bottpm wall
3, and is formed in such a manner as to correspond to the
logarithmié-spiral curve which is set at an angle of 30° relative to
the'circgmferential direction as in the fifst embodiment. That is,
as described in the first embodiment, the edge 7e between ;he 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=x, exp (-c§) in
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which a general constant c is set at the value of tangent 30°,
provided that r.(metér) expresses a length of r in §=0 rad.

The surface of each bottom ribbon blade 7 is also formed
in the same manner as in the first embodiment. Each bottom ribbon
blade 7 and the respective helical ribbon blade & are on the same
helical surface at thé 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 ribbon end 7d which is -
positioned near the center of the bottom wa11'3.

Further, between the starting place 7a and the second
midway place 7c, 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 substantiallf 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.upwafdly
:and downwardly circulating flow of the.flﬁid contents 8, the smoqth
£luid 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. 1In addition, when each post 9 passes through a periphery
near the inner edées of the helical ribbon blades 6, moré
particularly, when it is positioned on a boundary layer between 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 coﬁtents
8, the relationship between the rate of vertically circulating flow

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

ST

6 was investigated by computer simulations of flow, and it has been
found that the maximum rate of vertically circulating flow can be-
attained when ﬁhe ribbon width is 15 to 25 percent of the diameter
of the helical ribbon blades 6, and the helical pitch is 160 to 125
percent O0f the diameter of the helical ribbon blades 6. Therefore,
in this embsdiment, the ribbon width of the helical ribbon blades 6
is formed so as to be 15 percent of the diameter of the helical
ribbon blades 6 and the helical pitch is formed so as to be
ét_v substantially equal to the diameter of the helical ribbon blades 6.
. Further, the relationship between mixing time required to
uniformely ;ix the fluid contents 8, and the ribbon width and
helical pitch of the helical ribbon blades 6 was investigated in
mixing apparatuses having arrangement similar to the apparatus of
this ehbodiment, and it has been found that a condition where the
mixing time becomes minimal, can be attained when the ribbon width

is 10 to 20 percent of the diameter of the helical ribbon blades 6



cylindrical wall 3. | npel | er_power consumed for the mxing was
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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 émbodiment so 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 closér to the center of the bottom wall 3, and
consequently becomes on the order of 60 percent of the width of the
starting place 7a, since, if the bottom ribbon blades 7 extend tol
the center of the bottom wall 3, maintaining the initial width, it
is likeiy that the bottom ribbon blades 7, having such a large
width, obstruct smooth suction of the fluid contents 8 to the
vicinity oé 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 flow can bé increased

by selectively employing a preferable ribbon width and helical
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pitch of the helical ribbon blades € in such a manner as to improve
power efficiency relating to the circulating flow rate. This can '
further improve mixing speed, in conjunction with the above
déscribed 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 mi#ing apparatuses of the present invention as described
above, will now be discussed. -
Mixing time required to uniformely mix corn sirup with its
viscosity about 50 Pa-S in the respective apparatuses of the first
and second 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 wgll_z

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 the 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 modified in a configﬁration
corresponding to the semi-elliptic bottom wall 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 posts 9 apd two supporting rods 10.
After the corn sirup was poured into the mixing vessel 1
- until the surface thereof feachéd a position that was 50mm below
| the upper end of the helical ribbon blades 6, it was colored by -
adding 100 ml of 0.5 moi/t iodine aqueous solution and by mixing the
fluid contents uniformely. Then, another mixture, which ﬂad been
made by mixing 120 ml of 1 mol/{ sodium thiosulfate'aqueous
solution and 240 ml of 'raw corn sirup so aslto.adjust the mixture's
. viscosity to about 50 Pa-rs, 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.
hs a consequence; in the conventional apparatus of FIG.
52, the corn sirup was decolorized in five to six minutes in the
cylindrical wali 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 there remained no
regions where the deéolorization was substantially delayed. 1In the
apparatus of the second embodiméﬁt, the corn sirup was decolorized
in two and a half to three minutes both within the cylindrical wall
2 and the bottom wall 3.

| In each test, the impeller shaft 4 was rotated such that
the héliqél ribbon blade 6 moved the corn sirup upwardly near the
cylindrical wall 3. Impeller power consumed for the.mixing was pe
respectively 107 W in the conventional apparatus of FIG. 53, 110 W
-in the apparatus of the first embodiment, and 125 W in that;of the
second embodiment.

Accordingly, it has been found that the apparatuses of the
first and second embodiments can effectively mix the contents
without any fegions of the poor mixing, in the bottom wall 3. 1In
additioﬁ, it has been further found that ghe apparatus of the
second embodiﬁent can shorten the mixing time by 40 to 50 percent
as compared:to the conventional apparatus of FIG. 53, while
controlling the impeller power consumption required for the mixing
to an increase'of 3 to 17 percent, which leads to efficient mixing
operations.

"Fﬁrther advaqtages in view of the method for making the

bottom ribbon blades 7 reside in the fact that 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 the exactly developed shape which is
qbtainable through geometrical calculations. The bottom ribbon
blades 7 made in this manner can fully provide the above-described
mixipg.effects.

(},? In the above embodiments of thé present invention, the
bottom ribbon blades 7 and the helical ribbon blades 6 are :
preferably disposed in series within the mixing vessel 1. However,
it is not necessary to dispose'both blédes in series in sdéh a case
that the bottom ribbon blade 7 is newly disposed together with an
a;ready 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

o,

surface substantially perpendicular to the bottom wall 3. Thus,
the bottom ribbon blade 7 can be applied over a wide range of mixing -
apparatuse; in order to solve the poor mixing of the fluid contents
8 in the lower fegion of the mixing vessel 1.

To improve the mixing efficiency, a baffle means may be
‘disposed in a preferable posit;on within the mixing vessel 1. FIGS.
3A and 3B illﬁstrate baffles 13, each of them comprising a fitting

plate 13a of a substantially trapezoidal configuration in plan, and
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a baffle plate 13b vertically connected on an edgé of a top end of
the fitting plate 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 helical ribbon blades 6, the helical ribbon
blades 6 are cut at its predetermined regions near the fixed
positions of the fitting piates 13a, and the fittiﬁg plates 13a
passes therethrough. In this embodiment, the helical ribbon blades
6 are preferablylcut by its developed length of equal to or less-
than 20 percent in order to avoid lowering of mixing efficiency.

- FIG. 3C illustrates the bottom ribbon blades 7, each of wﬁich has
an edge formed in such a manner as to correspond to the logarithmic.
spiral curve as 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

e fixed to the inner wall of the mixing vessel 1 above the helical
ribbon blades 6, and the baffle.platé 13b, an upper portion of
which is dbnnected 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’ invention.

This specification is by no means intended to restrict the



FIG 3Cillustrates the bottomribbon blades 7, each of which has an edge
formed in such a nmanner as to correspond to the logarithmc spiral curve as
:that of the other enbodinment. Further, FIG 4A and 4B illusStrate the
“baffles 13 of' another arrangenent, each of which conprises the fitting.
plate 13a fixed to the inner wall of the m xing vessel 1 above the helical
ri bbon bl ades 6, and the baffle plate 13b, an upper portion of which is
connected to the fitting plate 13a. As a result, the baffle plates 13b are
di sposed inside of the helical ribbon2fjades 6 and

presént 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

scope of the present invention.
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Claims

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

a Qerticaliy positioned mixing vessel including a
cylindrical wall and a'bottom wall disposed in a lower portion of
said cylindrical wall, wherein Qaid bottom wall is of one of a semi~
-ellipsoid, a dished shape, and a circular cone shape with an obtuse
apex angle, each of convex surfaces of which is oriented doﬁnwardly;

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 miking vessel in such a manner as to be rotated by said driving
device through said impeller shaft; and

at least one b;ttom ribbon blade connected to a
lower end of said helical ribbon blade and disposed in proximity
with said bottom wall from its center to its periphery, wherein a
centrally located portion of.said bottom ribbon blade has its
surface substantially pérpendicular 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

This Sheet Has Been Reﬂ a
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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.

o 3. Tﬁe mixing apparﬁtus as set forth in claim 1 or 2,
wherein said bottom ribbon blade has its surface gradually twisted
in such a way that a twist angle for a unit length of ribbon is
substantially same through a portion between a starting piéce 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 énd coaxially aligned in said
mixing vessel extends above a surface of fluid contents piaced

: within said mixing vessel an& is connected to said driving device;

- a plurality of struts are connected to said impeller

shaft so as to be diépbsed above said surface of said fluid

contents;

~a plurality of posts are respectively connected to

said struts and extend vertically and axially inside of said mixing

vessel; and

REPLACEMENT SHEET
0 1NOV 1996
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two strips of said helical ribbon blades are
disposed within said mixing vessel, and inner edges of said helical
ribbon blades are respectively connected to said posts in such a

manner as to be rotated by said driving device through said impeller

shaft.

£ : : 5. The mixing apparatus as set forth in claim 4,

wherein a central axis of each of said posts passes through a y

periphery near said inner edges of said helical ribbon blades.

6. The mixing apparatus as set forth in clainm 4,
wherein said bottom ribbon blades are respectively connected to -

lower ends 6f said posts by means of supporting rods.

__,{_‘.'i

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,
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.



oriented dOmnmardIy, an inpeller shaft vertically and coaxially aligned
wthin said m xi ng vessel and connected to said driving device; at |east

:one helical r -l adg- dlSpO ed within said m xing vessel in such a
" manner as to PRYrotated by sai dl driving device thr |npeller shaft;

and at | east dne bottom ri bbon bl ade connected to a | ower m“m
BM%S din pr;mmty wt\“‘\“ﬂ“\“ﬁ{\l | froma

helical ribbo
center thereofj

9. The mixing apparatus 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
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.

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

{f,n a plu;ality 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 vertically and axially inside of said mixing
vessel; and

the two strips of said helical fibbon blades are

disposed within said mixing vessel, and inner edges of said helical



portion thereof, wherein a centrally |ocated portion of said bottomribbon
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trally |ocatd | fi. wherei Hd |
centrally |oca pgr{hg(} ,begreo erein sai 0 AL L

31

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.

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



curve is expressed by an exponentlal function in polar coordinate: r=[err]
exp(=[err] o s a general constant, and said [err]
expresses a 6 rad. 2. The mxingy dppara[US as set forth

“in claiml, et ge eflal constant ¢ of s |raI
curve is set} & rgvﬁove]qg(, tlajgent 20[err] to ta ﬂ‘wm“gﬂ e m Xxing
apparatus a “forth in cliaijmre 1 or 2, wherein §1 on bl ade

T a0 Ify: twisted in such a way that a tw st. angl e

| ribbon ig 3

has a surfa
for a unit

lengt h of

said diameter of séid helical ribbon blades.

15. The mixing apparatus as set forth in claim 4,
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

6%,

s 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.

16. The mixing'apparatus as set forth in claim 5,
wherein a ribbon width for a starting place of said bottom ribbon

blade, which is connected to said helical ribbon blade, is

RN
4

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.

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

wherein a ribbon width for a starting place of said bottom ribbon

A



%BEE”E l |
substantlalldﬂ§$J5 “ a portion between a starting place and a
.second” m dway pl ace of said b ttcmri bbon bl ade. 4. The mi xi ng appar at us

.as set forth n ijaNﬂV 199ér 2,1 wherein said inpell shaft vertlcally and
i g vessel extends abpve a sur

|
coaxially alkghed in s
e

contents pl aget I'n said mking vessel and is coﬁ? d dr|V|ng
device; a plyrality. ofstseats=are connected to said ﬂ r"llﬁml as to
be di sposed above said surface of said fluid contents} ¢
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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 widﬁh 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.

e~

18. The mixing apparatus as set forth in claim 7, -
wherein a ribbon width for a stafting place of said bottom ribboﬁ
blade, which is connected to said helical ribbon blade, is -
substéntially the same as a ribbon width of said helical ribbon
blade, and a ribbon width for a ribbon end of said bottom ribbon y
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.

15. The mixing apparatus 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 width for a ribbon end of said bottom ribbon

blade is one of substantially the same as said ribbon width of said



‘a plurality of posts are respectively connected to said struts and extend
_vertically and axially inside of said mxing vessel; and . 29 two strips
~of said helical ribbon blades are disposed within said mxing vessel, and

i nner edges pf said helical :
O A

L3

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 miiing vessel, and a baffle blate
connected to the other end of said fitting plate and disposed inside
of said helical ribbon blade, wherein said helical ribbon plade is
cut at predetermined positions for positioning of said fitting plate

in said mixing vessel.

5

: 22, The mixing apparatus as set forth in-claim 20,
wherein saia baffie includes a fitting plate, one end of which is
lfixed 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.

REPLACEMENT SHEET
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;rsbbon bl ades are respectlvely connected to said posts in such a manner as

tb’b ﬁﬁé@@ﬂmb“ sat-g-trtvi ng devi ce through said inpeller shaft. 5. The
“mixi ng 14§ 'AEE&E%E‘&' Ciprth in claim4, wherein a central axis of each of
'sai d pd_ S Eh a periphery near said rﬁﬁEF—éﬁgEs-0%~saLd_helical
- ri bbon & b 1 Xi ng apparatus as set: f m 4, wherein
sai d bo':t m Fs are respectivel y connec ymﬂmmm“m;’m,’ of said
posts by ting rods.

23. A blade for a mixing vessel which comprises:
at least one botﬁdm 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 ribbon blade has its surface substantially
perpendicular to said bottom wall, and a lower edge of said bottom
ribbon blade'is formed in such a manner 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 set 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.

T

thB«mKThuﬂ

T



7. . The m xing apparatus as set forth in claim5, wherein said bottom

ri bbon bl ades are respectively connected to | ower ends of said posts by
.means of supporting rods. 8. The m xi ng apparatus as set=forth in claim
3, wherein.,a ribbon width is 10 to 20 percent of a dianeter of said helical

ri bbon bl ades and a helical pitch is 100 to 150 percent of said diameter of
said helical ribbon bl ades. :

36

" ABSTRACT OF THE DISCLOSURE

MIXING APPARATUS AND BOTTOM RIBBON -BLADE USED THEREIN

-A mixing apparatus includes a bottom ribbon blade adapted

for viscous fluid contenté. The mixing apparatus includes a

vertically positioned mixing vessel (1) including a cylindrical

wall (2) and a bottom wall (3) disposed on a lowér portion of the
L cylindrical yall wherein £he bottom wall is of a semi-ellipsoid
shape, dished shape, o; circular cone shape with an obtuse apex
angle and each of the convex surfaces of which is oriented -
downwardly. An impeller shaft (4) is vertically and coaxially
aligned withiﬁ the mixing vessel and a helical ribbon blaée (6) is -
disposed witﬁin the mixing vessgl in such a manner as to be rotated
by a driving mechanism via the impeller shaft. A bottom ribbon
blade (7) is connected to a lower end of éhe helicél_ribbon blade
"and disposed in proximity with the bottom wall from its center to
its periphery, wherein a centrally located portion 6f the bottom
‘ribbon blade has its surface substanti;lly perpendicular to the
bottom wall, and a lower edge of the bottom ribbon blade is formed

in such a manner as to correspond to a logarithmic spiral curve at

least for its centrally located portion.
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9. .~ The nixing apparatus as set forth in claim3, wherein assihbes wi dth
for a starting place of said bottomribbon bl ade, which is connected to
sai.d Helical ribbon blade, is substantially the same as a ribbon w dth of
- said-helical ribbon blade, and a ribbon width for_a ribbon end of said
bottom ri bbon bl ade is one of substantiall'y the sane as said ribbon w dth

B e herL i hgoon P! ade and [ess TRAT 1S pef“lmlllﬂlllﬂlmmmmn of said

27. The blade as'set forth in claim 25, wherein said
bottom ribbon hl_ad'éf'-ha_s its surface gradually twisted in such a way
that a twist angle fo_r a unit length of ribbon is substantially

same through a portion betwaen a starting place and a second midway

place of said bottom ribbon blade.

\/
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10.,, =The m xing apparatus as set forth in claim3, wherein said inpeller
shaf t vertically and coaxially aligned in sald vessel extends above a
surface of fluid contents placed within said mxing vessel .and is connected
-to.said driving device; a plurality of st¥luts are connected to said
I.nmpel l er shaft so as to be.di sposed above said surface of said fluid

contents; a plurality of posts are respectively connected to said struts
and extend vertically and axially inside of said mxing

ABSTRACT OF THE DISCLOSURE

MIXING APPARATUS AND BOTTOM RIBBON BLADE USED THEREIN

-A mixing apparatus includes a bottom ribbon blade adapted
for viscous fluid.coﬁtenté. The mixing apparatus includes a
vertically positioned mixing vessel (1) including a cylindrical
wall (2) and a bottom wall (3) disposed on a lower portion of_the
cylindrical gall wherein the bottom wall is of a semi-ellipsoid
shape, dished shape, o; circular cone shape with an obtuse aﬁex
angle and each of the convex surfaces of which is oriented )
downwardly. An impeller shafﬁ (4) is vertically and coaxially
'éligned within the mixing vessel and a helic;l ribbon_blaée (6) is
disposed witﬁin the mixing wvessel in such a manner as to be rotated
by a driving mechanism via the impeller shaft. A bottom ribbon
bl#de (7) is connected to a lower en& of éhe helic#llribbon blade
U "and disposed in proximity with the bottom wall from its center to
| its pegiphery, wherein a centrally located portion bf the botto;“
.ribbon blade has its surface substantially perpendicular to the

bottom wall, and a lower edge of the bottom ribbon blade is formed

in such a manner as to correspond to a logarithmic spiral curve at

least for its centrally located portion.

REPLACEMENT SHEET
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.vessel; and the two strips of said helical ribbon blades are dlsposed

W thin said mxing vessel, and inner edges of said helical °1
"bl'Ades “ar e T esppcii-vel ﬁ'@ to said postis i m@ﬁéﬁ?aﬁfﬁﬁnﬁ‘ b
rotated by sai d{RER Mﬁ rough said i @?LTQ ﬂ_,,,,g’

.....
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DATE OF RECEIPT ...

However, a drawback cf the apparatus having the above
arrangement resides in the fact that, since merely the flat-shaped
impeller blade 11 is dispcsed in a lower regicn of the mixing

vessel 1, the fluld cocrntents in that regicn may be circulated

0O

merely in a circumferential direction by a rotating motion of the
impeller blade 11, and consequently have pcor mixing with the £luid
contents-in other regions of the mixing vessel 1, which may lead to

prcblams in mixing cperations.

To solve the above-noted drawback, two flat blades 12 ar

{1

slantedly connected to both lewer ends of the helical ribken biades
6§ and ars extended in vreoximity with the center ¢f the botiom wall 3
along an inner surface of ghe bottem wall 3, as illustrated in
FIGS. 6A and 6B, or the heii&alféibbon blades 6 extend to the center
of the bottom wall 3 as having substantially the same ribbon width
and helical pitch therebf as illustrated in FIGS. 7A and 78. The
apparatuses of these a:réngements solve the poor mixing of the fluid
ccntents.iﬁ a circumferential region of the bottom wall 3.
Kowever, there may be left a pcor mixing region of substantial
volume in a center region of the bottom wall 3.

Consaquently, 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, particularly in the center



shaft. 11. The m xing apparatus as set forth in claim4, wherein a ribbon
wdth is 10 to 20 percent of a dianmeter of said
"hel i caf pitch is 100 to 150 percent of said diaf
bl ades. 12. The m xi ng apparatus as set forth m 5, whefeln a
ri bbon width is 10 to 20 percent of a dianeter [

f lsaj 1999 bon
bl ades and a helical pitch is 100 to 150 percent agghgﬁglanet of said
hel i cal ribbon bl ades.
3

region of the bottom wall 3 merely by mcdifying the configuration cf

-

the helical ribbon blades 6§ in conventicnal manners.

Contrary to the abcve arrangements, there has besn

a
i
[¢)

g
0O
0
®
.
o
0

snventional mixing agparatus of another type in view ¢f
the configuration of the betitom wall cf tne mixing wvessal in order
+o solve the above-noted drawback. A mixing apraratus ¢f this twse
comprises a circular-cone shapred bottom wall having an aéute arex
angle, and the helical rikben blades extand tcowards the center c2
the bottom wall. However, in this arrangement, althcugh a
ralatively large sgace for the installation is raquired due to the
configuraticn of the bottom wall, the amcunt cf the £fluid centents
treated in the mixing vessel does not substantially increases.
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 cf the mixing vaessel, with its blade surface
perpendi cular to an inner surface of the hemispherical bottom wall.
However, the configuration cf the boﬁtom wall presents a drawback
in view of the iﬁstallation space as described above. In addition,
such configuration is not generally employed for mixing vessels

except where the highly pressurized fluid contents are to be

maintained in a vessel.



13. The m xin a,paraLus as.set forth in claim®6, wherein a ribbon wdth
is 10 to 20 iafgd Gi@EERt er of said helical ribbon blades and a
“helical pitc f cent of said dianeter of said helical ribbon
bl ades. 14. he m xin app atus as set forth in claim7, wherein a

ri bbon width{is 1@)1tJU\289 ht of a dianeter of said helical ribbon

bl ades and a {hgl i cal Dltrh i$ 00 to 150 percent of

4

D = F

Accordingly, it is an object of the present invention to
provide a mixéng apparatus which can -uniformly and effectively mix
viscous fluid contents in a relativelv short gericéd ¢f time without
any recicns of peccr mixing of the fluid centants, in a mixing

=

vessal having a relatively flat bottom wa

cZ a semi-eilipsoid or

dished shage.

STMMARY OF TEZ INVENTICN -

In acccréance with the prasent inventicn, thers is
provided a mixing apparatus comprising:

a vertically positioned mixin g vessel including a
cylindrical wall and a bottom wall dispcsed in a lower portion of
the cvlindrical wall, wherein the bottom wall is of a semi-
ellipsoid, dished shape; or éircular cone shape with an obtuse apex
:angle, and each of the convex surfaces of which is oriented
dcwnwardly{

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



S

32 said dianeter of said helical ribbon blades. 15. The_mixi ng appar at us
as set forth in claim4, wherein a ribbon wdth |4 pl ace of
"sai d"bottom ribbon bl ade, which is connect ed REPLAMESE i bbon- bl ade,
.. 1s substantially the same as a ribbon w dth rijbbon bl ade,
and a ribbon width for a ribbon end of said
substantially the sane as said ribbon wi dth

6

bottcm wall by the rotaticn of the bettom ribeen blade. The fluid
contents, sent outwardly, ars moved ugwardly along the cylindrical

wall bv the rotaticn ¢f the helical ribben blade, tura to a centarz

rh

the

rh

near a surface o luid contents, go downwards along the axial
center of the mixing wvessel, ;nd then are_sucked again down to the
bottem wall by the rctation of the bottom ribben blade. Such a
flow pattern solves stagnation of the fliuid contents in a botiom
region of the mixing vessel, while attaining unifcrm mixing cfithé:
f£luid contents. When the rotational directicn cf the bettcm rikben
blacde is revarsed, the Iluld contants are also reversely
circulated, solving the stagnation thereof in the bottom region of

the mixing vessel in the same manner as the above defined flaow

pattern. ' ’

BRIEF DESCRIPTION OF THE DRAWINGS

Vé;ious other objects, features and attendant advantages
of the present invention will be more fully appreciated as the same
becomes better understocd from the following detailed description
when considered in connection with the accompanying drawings in
which like reference characters designate like or corresponding

parts throughout the several views and wherein:
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hel i cal ri bbon bl ade and | ess than 15 percent of a dianmeter of said-helical
ri bbon bl ades. 16. The m xi ng apparatus as set forth in claim5, wherein
-a-ribbon width for a starting place of said bott rhpon bl a *hich S
_connected to said helical ‘ri bbon bl ade, is substmb&h\{ thg.,_@t:‘él as a

ri bbon width of said helical ribbon blade, and rffbbon w dth fqr

a ribbon
end of said bottomribbon blade is one of subst tla Iy ?Eepgynr ds said
ri bbon wi dth of said helical ribbon blade and | eks percgnt] of a
di aneter of said

8

mixing apparatus;

FIG. 62 is a cross sectional view taken along line VI-VI

in FIG. 61;
FIG. 74 is a cross sectional viaw cf wvet another
conve ona1 mixing apgaratus;
FIG. 73 is a cross secticnal view taken alcng line VII-VIIX

in FIG. 7A.

ESCRIPTION QF THZ PREFIRRED EIMBCDIMENTS

Referring to the first embcdiment ¢f FIGS. 1A and 13, a

mixing vessel 1 comprises a cylindrical wall 2, 2 bottom wall 3 of a
semi-ellipsoid which is disposed at a lower end of the cylindrical
wall 2, and a top cover (not $hown) attached cn an upper portion of
the cylindrical wall 2;

The mixing vessel 1 is held such that the

cylindrical wall is vertically positioned relative to the ground.

an impeller shaft 4 is vertically
within the cylindrical wall 2 and its uprer
connected to a driving means disposed above

snown).

On a lower portion of the impell

and coaxially aligned
end is rotatably

the top cover (not

ller shaft 4 is connected a

plurality of horizontal struts 5 with predetermined spécing from one



~bl*rade,” which is connected to said helical ribboh'
the same as a ribbon width of said helical ribly

10
correspend to a logarithmic spiral curve which is set at an angle
of 30' relative to a circumferential direction. That-is, the edge
72 between the first midwaw place 7o and the ribbcn end 74 is fofmed
in such a manner as to corrasgond to the legarithmic spiral cuzve
which is expressed by an exzonential
r=rs exp (-cj) in which a general constant ¢ is sat at the value of

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

racé. -
A surface of each bettom ribben blade 7 is formed as
folleows:

£ the starting place 7a, each boticm 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 74, the bottom ribbon
blade 7 has its surfacg substantially perpendicular to the bottcm
wall 3. Between the starting place 7a and the second midway place
7c, the Sottom ribbon blade 7 has its surface gradually ﬁwisted in
such a way that a twist angle for a unit.length of ribbon is
substantially the same th;ough the portion between the two places.

The first and second midway places 7b and 7c are

determined as described herein.

First, a surface having the predetermined clearance L'

with respect to the inner surface of the bottom wall 3 is conceived
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bl ade, and a ribbon width for a ribbon end of said bottomribbon bl ade
one of substantially the sane as said ribbon w.dih—ef el

--bl’ade and | ess than 15 percent of a-dianeter o
18. The m xi ng apparatus as set forth in claiimf7; WRET &1 R 2

for a starting place of said bottomribbon bl ade 1aC npeg¢ted to
R TT

said helical rlbb?n wi dt h of

sai d helical
bottom ri bbon

ri bbon bl ade, is substantially thg
ri bbon bl ade, and a ribbon wi dth flo

11

_1{13"

L 3—f--Blroment

within the mixing vessel 1. The helical surface dz2fined by the
helical ribbon blade 6 is extended downwardly, and crossed to the
corceived surface. Then, 2 line defined by crossing thesé two
diffarent surfacas, ccmes to a curved line drawn from the starting
place 7a through the first midway place 7b tcowarxds the center of
the bcticom wall 3. An angle cf the curved line relative to the
ircumferential direction, when projected cn a horizontal plane,

gradually increases from Q' at the stariing place 7a tc 90° a

S

bl ades.
bon wi dth

RE.. ._Ju3% Sﬁgﬁg Onrlbbon

curved line apnrcaches the c¢enter of the bottom walil 3. To smcothly

cennact the curved line to the logarithmic spiral curve having a
pradetermined angle to the circumeferential dirscticn, the curved
line is connected at a place where the angle of the curved line
relative to the circumferential direction is equal to that of the
logarithmic sp}tal curve. As a result, the first midway place 7b is
dete:mined.

The second midway place 7¢c is determined with

consideration of the twist angle for a unit length of ribbon. In

‘this embcdiment, each bottem ribbon blade 7 is twisted about 9¢°

from the starting place 7a where the surface of the bottom ribbon
blade 7 is almost horizontal, to the seccnd 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 little over five

¢



bl ade i s one of substantially the same as said ribbon width of said helical

ri bbon bl ade and | ess than 15 percent of a di anmef; ri bbon

‘bl ddes. " 19. The m xi ng apparatus as set forth i n a
..ribbon width for a starting place of said bottomjr g£h is

connected to said helical ribbon blade, is substgn S a

ri bbon width of said helical ribbon blade, and alfr ri bbon

end of said bottomribbon blade is one of substanfti~artythe sane ap said

ri bbon width of said

12

times as much as the width of the bottcm ribben blade 7. That is,

the twist angle for a unit length of ribbon is selected to have a

value of about 15° per one ribbon width.

£ the distancs davelsoped frem the starting place 72 to

-

the second midway place 7¢ is extreme

s

v shcrt, the-bottom ribbon
blade 7 is hardly made by simply twisting a fiat plates of steel cr

E

the like in a simple marner. 1In adéditicn, such steep twist of the

v,

pctiem ribken blade 7 may cause disturbance fcr the fluid flow to .

Y h

smocthly change its direction along the bottcom ribben blade 7.

Cn the contrary, if the distance between the starting
place 7a and the second midway place 7c as cdafined above is greatly
elongated, an angle cf the surface of the bcttom ribbon blade 7
relative to the bcttom wall 3 becomes considerably smaller except
for a short length of thg bottom ribbon blade 7 from the starting
place 7a. Accordingly, it may lower inherent advantages of the
bottom ribbon blade 7, that is, it may decrease radial pumping of
the £luid céntents 8 by the bottom ribbon blade 7. The distance
between the starting place 7a and the second midway place 7¢c, 2as
above defined, is detérmined with consideration of these problems.

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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hel.ical ribbon blade and |ess than 15 percent of a dianmeter of said helical

ri bbon bl ades. 20. The m xi ng. apparatus as set agpfept wherei n at
| east one baffle is disposed inside of -said h ENR%%;S}"ET . 21. The
0 1 JUL 1999 -

m xi ng apparatus as set forth in claim 20,

configuration of the bottom ribben blade 7 beccmes similar to that
of the tonventicnal mixing apparatus as illustrated in FIG. 5,

wnich causes the pcer mixing cf the £luid contents 8 in the center

1]

region of the bettom wall 3. If the angle is set below that range,

the bottcm ribbon blade 7 is undesirablyv elongatad, which consumes
a relatively large amcunt of pcwer, and decresases the radial pumping

Sdd

of the £luid ccntents 8 alcng.the bottcm wall 3.
In this embcdiment, a flcw paztesrn ¢f the £luid contents 8

is formed as follows, in order to solve the prchblem of- | TCor.

o
mixing.

When the impeller shaft 4 is rctated in such a manner as
to orient the pumping direction of the helical ribbon blades 6

upwardly (in the girection of arrows of FIG. 1A), the fluid confents
8 are moved radicall§ albnélthe bottom wall 3 by the bottom

i ribbon blades 7 in the same manner as that they are move§ in the
axial direction of the mixing vessel 1 along cylindrical wall 2
by the rotation of the helical ribbon blades 6, since the bottom
ribbon blades 7 corresponding to the logarithmic spiral curve
are disposed with their surfaces substantially perpendicular to the
bottom wall 3 cf the mixing vessel 1 through the clearance L'.

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

region ¢f the bottom wall 3 from the above and are moved cutwardly

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



wher ei nwéai-d baffle includes a fitting plate, one end of which is fixed to
an inner wall of said mxing vessel, and a baffle plate connected to the
other end of said fitting plate and di sposed —heli cal ribbon
bl ade, wherein said helical ribbon blade is qgf@P aeﬁmj}ﬁ?§ i ﬁ=d posi tions
for positioning of said fitting plate in saig X|ng vessel . . The

2
m Xi ng apparatus as set forth in claim 20, Wnerelﬂ‘ls..ﬂﬂld‘lmf efi ncludes a
S

fitting plate, one end of which is fixed to gn{inner wall ofjsfid mxing
vessel and a baffle plate 14 .

ol

‘bottom ribbon blades 7. ‘Then, the fluid contents 8 smocthly change
their directicn frcm radially to upwazdly in the geriphefal region
of the bottcm wall 3 withcut any saricus diverging flow, since the
bottom ribbon o‘adés 7 arze gradually twistad and smcothly connected
tc the helical ribbcn blades 6 therse. Afzerwards the £luid contents
8 ara moved upwazdly alceng the inner suriface ¢f the cylindrical

wall 2 by the rctation of the halical ribbeon blades 6, turn into

the axial center in proximity wigh the surface cf the £iuié contants

h

8, ars moved dcwnwardly along the axial centsr ¢f the mixing

vessel, and are suckad again by the bcocttem ribben blades 7. Thus,
without the occurence of any regions of poor mixing, uniform and

effective mixing of the fluid contents 8 can be attained through

such sequential flow pattern. . !
In the above embodlment, the bottom wall 3 of the mixing
vessel 1 has a sémi—ellipsoid shape. However, a dished shape, or
. circular cone-shape with an obtuse apex angle may be employed.
Such conflguraulon can save an installation space for the mizing
vessel 1 which becomes considerably larger when a circular cone~
shape bottom with an acute apex angle is emploved for the bottom
wall 3 to avoid the pcor mixing problem.
Further, in the above embodiment, the edge 7e of each

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



cdﬁﬁécfed to the other end of said fitting plate such that said baffle is

di.sposed inside of said helical ribbon blade a

‘I omer region of said mxing vessel. REPLACEVE REHE
- a mxing vessel which conprises: at |east one p

in

tends vertically to a
A bl ade for
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which a general censtant ¢ is sat at the value ¢f tangent 30,
provided that r, (meter) exprasses a length of r in §=0 rad.
The surface cf each botitcm ribbon blade 7 is also formed

in the same manner as in the fizst embodiment. Each boticem ribbcn

o
'.‘
g
nl
o
~)

and the rasgective helical ribton blade 6 are on the same

helical surfacs at the starting place 7a, and the bethem rikken

blade 7 has its surfacas per:ena*cu‘a* to the bottcom wall 3 between

the secend midway tlace 7¢ and the ribben end 7¢ which is
positicned near the center of the bottom wall 3.
urther, tetween the starting place 7a and the second
midway place 7c, each bottoem ribkeon blade 7 has its surface
gradually twisted in such tge'way that a twist angle for a unit length:
of ribbon is substantially same between the two piaces. :
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 circulating flow of the fluid contents 8, the smooth

fluid flow in the axial direction of the mixing vessal 1 can
readily bg attained in proximiiy with the axial centar of the mixing
vessel 1. In addition, when each post 9 passes through a periphery
near the inner edges of ﬁhe helical ribbon blades 6, mora

particularly, when it is positioned on a boundary laver between the

upward and downward fluid flow of the fluid contents 8, flow

di sposed



proximty with a bottomwall of a m xi ng vessel

peri phery of said bottomwall, wherein a centrally |

froma center to a
ted portion of said

“bot tom ri bbon bl ade has a surface thereof substanti a 7t O
said bottomwall, and a | ower edge of said bottom ribl}oEP %NTSI' Arited
such a manner as to correspond to a logarithm c spirjl} curve at |eaqt jfor
centrally |l ocated portion thereof. 24. The bl ade gs jse® TULH®N ¢l 4i m
23, wherein an upper end of said bottomribbon bl adq iis_connected t
hel i cal

ri bbon .19

AN

resistance of the posts 9 against
circulating fluid flcw can become minimal.

sgeed of the fluid centents 8 can

the upwardly and downwardly

be substantially improved.

veed ¢ the fluid contents

Consaguently, the mixing

'8, the relationship ketween the rate of vertically circulating flow

and the ribbcn width

ané helical pitch cf the helical ribbon blades

6 was investigated by ccmputer simulations of flow, and it has been

found that the maximum rats cf verticallv circulating
ttained when the ribben width is 15 to 25 percent cf

ribbeon blades 6, and the helical pitch

the he

h

c

=3

ica
percent of the diameter cf the helical rikbon blades 6.

in this embodiment, the ribbon width of the helical

is formed so as to be 15 percent of the diameter of

ribbon biades

fiow can be-

the diametar

Therefore,

the helical”

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

is 100 to 125

»~

o

substantially equal to the diameter of the helical ribbon ‘blades 6.

Further, the relaticnship between mixing time required to

uniformly mix the fluid contents 8, and the ribbon width and

helical pitch of the helical ribbeon blades 6 was investigated in

mixing apparatuses having arrangements similar to the apparatus of

this embodiment, and it has been found that a condition where the

mixing time becomes minimal, can be attained when the ribbon width

is 10 to 20 percent of the diameter of the helical ribbon blades 6

in
a
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bl ade. 25. The bl ade as set forth in claim23 or 24, wherein said
logarithmc spiral curve is set at an angle of.20.- 4otpatative to a
-cirreunferential direction. 26. The bl ade as‘gj@iﬂﬁﬂﬁ*f S s 23 or 24,
wherein said bottomribbon bl ade has a surfac""¢ ~“G7 ¥ twisted in
such a way that a twst angle for a unit |enggh bstantially

the sanme through a portion between a starting pI dway pl ace
of said bottomribbon bl ade.

21
pitch of the helical ribbon blades 6 in such a manner as to improve
cower efficiency relating to the c1rcu1ah1ng flow rate. This can
further improve mizxing speed, in conjunction with the aZcve
described effect which is attaineé by reducing flcw resistance
caused by the impeller shaf: 4, the struts 3, and the posis 9.

Testing conducted in order to determine the mixing effsct
of the mixing apparatuses of the present invention as described
abcve, will ncw be discussed.

Mixing time required to-.uniformly mix ccrn sirup with it
viscosity abcut 50 Pass in the raspective agpparatuses cf the first
and sacond embcdiments cF the present invention, a.d the
conventiocnal apparatus_of FIGS. SA and 58, was measured and
compared with one.andther. Each mixing vessel 1 of the appa;atﬁses
was made of transparent synthetic resin and the cylindrical wall 2
had an inner diameter qf 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 ribben blades 6 used had a diameter of
.380mm, a helical pitch of 380mm, a clearance L of 10mm and a height
cf 400mm.

The helical ribbon blades 6 of the ccnventional 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



- 36 - 27. The bI ade as set forth in claim25, wherein said bottomribbon
bl ade has its surface gradually tw sted in SUCh’EE i angle
“for 'a unit length of ribbon is substantial |y sarf@id ‘ LA pn bet ween
a starting place and a second m dway place of sclc bottom ri bbop pl ade.
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blade 7 of the second embodiment was modified in a configuration
corresponding to the semi-elliptic b ttoh wall 3. The bottcm
rizbon blades 7 and the helical ribben blades 6§ of the sacaond
mecdiment had a width of 60mm and wers surrcrted by twe struts 3,
two posts 9 and two supgorting rods 10.
After the corn sirup was pcursd into the mixing vessel 1
until the surface thereof reached a position that was 50mm belcw
the urper end of the helical ribkcn blades 6, it was colcrad by :
adding 100 ml of 0.5 mol/{ iodine agueocus soluticn anﬁ by'mixing the
£iuid centents unifcrmely. Then, another mix:ture, which nad teen
made bv mixing 120 ml of 1 mol/{ scdium unLOS"’fate'aquecus
solution and 240 ml of raw corn sirup so as o adjust the mixture's
viscosity to about 50 Pa.s, 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.
5A, the corn sirup was decolorizéd 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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cvlindrical wall 2 and the botitcm wall 3, ané there rémained rno

44

regions where the decolcrization was substantially delayed. 1In the
apraratus cof the sacond embediment, the ccrn sirup was dscclorized
in two and a half to three minutes both wiithin the <

»
}S v
-

nérical wall

-+
e

2 and the bottom wall 3.

In each test, the impeller shaft 4 was rsot

rt
fu
oF
]
N

such that
the helical ribbon blade 6 moved the corn sirup ugwardly near the

cylindrical wall 3. Impeller pcwer ccnsumed for the mixing was

respectively 107 W in the conventional apparatus of FIG. 53, 110 W

in

in the apparatus cf the first embediment, and 123 W in that of the

sacond embcdiment.

Accordingly, it has béen foundé that the apraratuses cf the
first and second embocdiments can effectively mix the contents ’
without any regions of poor mixing in the bottom wall 3. 1In
addition, iﬁ 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. 53, while
controlling the impeller power consumption fequired for the mixing
to an increase of 3 to 17 percent, which leads to efficient mixing
operations.

Further advantages in view of the method for making the

bottom ribbon blades 7 reside in the fact that each of them has a
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a baffle plate 13b vertically ccnnected on an edge of a top end of

the fitting plate 13a. The other end of the fitting plate 13a is fixed

o the inner wall cf the mixing vessal 1. To Tcsiticn the baffle

-

.

rlates 13b inside the helical ribben blades &, the helical ribbon

1 )

blades 6 are cut at its pred=termined regions near the £ixed

the fitting plates 13a, and the f£itting glates 13a

(2]}

csiticns o
passes therethrough. In this embodiment, the helical zibbon blades
§ are preferably cut by its develeoped length cf egual to cr less-

than 20 percent in order to avoid lewering ci mixing efficiency.

-

FIG. 3C illustrates the botitcm ribbcn blades 7, each of which has
an edge formed in such a manner as tec correszend to the logarithmic
spiral curve as that of the other embcdiment.

Fufther, FIG. 4A and 4B illustrate the baffles 13 of’
another arrangement; each of whiéh ccmprises the fitting plate 1l3a
fixed to the inner wall of the mixing vessel 1 above the helical
ribbon blades 6, and the baffle plate 13b, an upper portion of
which is connected to the fitting platé 13a. As a result, the baffle
plates 13b are disposad inéide of the helical ribben 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 invention.

This specification is by no means intended to restrict the
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Claims
1. A mixing apraratus for being driven by a driving

device, comprising:

a vertically pesitioned mixing vessel including a

cylindrical wall and a bottcm wall disgosed in a lower portion of

said cyvlindrical wall, wherain said kottom wall is of cne of a semi-

ellipsoid, a dished shape, and a circular cocre shape with an obtuse

apex angle, wherein said bottom wall has a convex surface which is

oriented downwardly; -
an impeller shaft wvertically 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

device 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 a cénter tﬁéreof to a peripﬁeral
portion thereof, wherein a centrally located bortion of said
bottom ribbon blade has a surface which is 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 a
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centrally located portion thereof, wherein said logarithmic spiral
curve is expressed by an exponential function in polar coordinate: I=r,

exp (-cf), wherein said c¢ is a general constant, and said r, expresses

a length of r in §=0 rad.

2. The mixing apraratus as set forth in claim 1,

wherein said general constant ¢ of said logarithmic spiral curve is set

at a value of tangent 20° to tangent 45°.

3. The mixing apparatus as set forth in claims 1 or 2,
wherein said bottom ribbon blade has a surface thereof gradually: twisted
in such a way that a twist angle for a unit lencth of ribben is

substam_:ially the same through a portion between a starting place and a

second midway rlace of said bottcm rikbon blade.

4. The mixing épparatus 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 driQing device;

a plurality of struts are connected to said impeller
shaft so a§ to be disposed above said surface of said fluid
conéents;

a plurality of posts are respectively connected to

said struts and extend vertically and axially inside of said mixing

vessel; and REPLACEMENT SHEET

0 1 JUL 1999
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23. A blade for a mixing vessel which comprises:
t least one bottom ribbon blade disposad in

prozimity with a bottom wall cf a mixing vessel from a center to a
periphery of said bottom wall, wherein a centrally located pertion
of said bottom ribbon blade has a ;urface theréﬁf substaqgially
perpendicular to said bottom wall, and a lower edge of said bettom
ribbon blade is formed in such a manner as to correspond to a
lcgarithmic spiral curve at least for a cantrally lccated
portion thereof. ’

24. The blade as set forth in c¢laim 23, wherein an upper

end of said bottom ribbon blade is connected to a helical ribbon

blade.

25. . The blade as set 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 a surface thereof gradually twisted
in such a way that a twist angle for a unit length of ribbon is
substantially the same through a portion between a starting pléce

and second midway place of said bottom ribbon blade.



