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-1- M XING APtARATUS The ilnvention ielates to a m xing apparatus Ww tﬁ‘nh\ef'd
features of the pieanble o¢f claim1, and, nore particularly, to a mxi

apparatus’ for efficiently perform ng such m xing operations as the ﬁi_i g,
di ssol uti'on, crystallizati.on, reaction, and slurry su |
types of- inpellers are known aned-have been used | ﬂ?ﬁk’iﬁéﬁgm
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TITLE OF THE INVENTION

i _ . - MIXING APPARATUS
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BACKGROUND OF THE INVENTION

l. Field of the Invention

The present invention rélates_to a mixing'
apparatus and, more particularly, to a mixing apparatus
fdr efficiently performing such miiing operations as the
mixing,'dissolution, crystallization, reaction, and
slufry suspension.

2 Description of the Prior Art

Various types of impellers have been used in
mixing tanks for various applications. When it is
required to handle liquid in such a wide viscosity range
that thé'flow in the tank can change from the turbulent
to thé;laminar, there have often been used multiple
stage impeilers of two-bladed flét paddle type. 1In most
cases of this type of multiple impelléfs, two impellers

Ve adjacenﬁ to each other on the mixing shaft are set
- crosswise, at a right angle to each other, because this
érrangement is the most stable from the viewpoiﬁts of
_rqtational.balance and shaft-bending moment causéd from
fluctuéhing hydrodynamic fbrcés-acting on the impeller
.blédés;' This type of mutiplé impellefs usually have a

'comparatively wide axial clearance between two impellers
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in n1X|ng tanks for various applications. Wien it is required to handl e
Yiquid in such a wide viscosity range that the flow in,
fromthe turbulent to the lam nar, there have often bepTHISsSHEETUHAS BEEN
stage inpellers of two-bladed flat paddl e type. In nosfj cas®EPLACED s type
of nultiple inpellers, two inpellers adjacent to each X1

shaft are set crosswise, at a right angle to each other, because this

atrangement 44 én 084 éé@ﬂlgtﬁéP”bn the shaft in order to decrease

. the number.of.lmpellers required and the total power

consumed by all the impellers in the tank.

In the meantime the mixing apparatus has been
recently demanded to have more efficient and diversified
performances so as to apply to the operation for a wide
range of mixing conditions.

Particularly in a batch process, the mixing

"g apparatds is demanded to meet the followiﬁg diversified
| purpose and high performances.

(1) Uniform mixing; Complete mixing of liquids
can be attained under a wide range of viscosity. And

~ complete and uniform mixing can be attained under the
conditions of low to high liquid level in a tank with
. various fluid viscosity.

(2) Heat-transfer performance; High heat-
transfer capacity with low power consumption is
obtainable.

(3) Solid-liquid mixing; Various types of
solid-liquid.mixing such as dispersion of particles with
large density difference between particle and fluid,
uniform.mixing of high-concentration slurry, uniform

mixing with a low shear rate and so on can be attained.
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t he V|emp0|nts of rotational bal ance and shaft-bendi ng nonment caused from
fluctuatlng hydrodynam c forces acting on the inpeller blade (DE-A-33 34

811). This type of nultiple inpellers usually have a co | . -
axi al clearance between two inpellers Saéﬁlzﬁgég\"a‘éﬁm

(4) Liquid-liquid dispersion; Sharp liquid-
- drop diameter distribution is obtainable. In addition
it is possible to attain uniform liquid-liquid
dispersion cénsistent'with the low shear rate and to
attain homégeneous light-liquid dispersion whose
viscosity is increased by reactions.
| The present inventors investigated using
conventional mixing apparatus equipped with a multistage
impellers system whether they could satisfy the
aforementioned demands. - The resu;ts'of the
invenstigations showed that it is not so difficult to
choose a mixing apparatus capable of satisfying each of
the above—déscribed conditions. However, it is very
difficult to éeiect specificaﬁions capable of
simultaneously satisfying many items of the
aforementioned conditions, since these.prior—art'mixing
apparatus have the following problems. Accordingly, the
use of a mixing apparatus newly improved or developed
will become necessary in order to meet the
aforementioned demands.

- 1ln a mixing apparatus equipped with two-bladed
paddle impellers on a shaft at the crossing angle of 90
degrees apart from each other, which is described in

prior art as:a conventional type, the streamlines formed
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-2 epjacent to each other on the shaft in order to decrease the nunber
tnpellers required and the total power consunmed by all_the inpellers in

tank. In the neantine, the m xi ng apparatus has been r eCEAIG! SHEERASI 8EEN |
have nore efficient and diversified performnces so as|to a%pm@m ?ggn

.Qperation for a wide range of m xing conditions.

by the dischargeé flow from each impeller do nota“

3i; sufficently link under the adequate pressure gradlent

.between each 1mpe11er reglon.. Therefore the segregatlon

S of the fluid iﬁ the tank occur in the region between

| upper ahd'IOWer'impeller, and a stagnant point (dead
space) of the fluid occurs in the tank, and ehese.’
phenomena reduce the efficencies of mixing performances.
The formetion of the dead space not only reduces the
heat-transfer performance of the fluid buﬁ burn and
stick and contamination are liable to be caused en the
inner wall surface of the tank, and therefore they

reduce the mixing efficiencies. |

When a mixing apparatus with flat—blade 

impeller such as paddle impeller is used, number of
circulating flows are generated in the tank by the
rotation of the impeller. This phenomena becomes more
typical when a clearance L between upper and lower
impellers is kept with large as shown in Fig. G(e). In
such a case, since the boundary B is generated by the
interference of the circulating flows, mixing between
the upper and.lower circulating flows are suppressed.
On the contrary, the reduction of the clearance L
between tﬁe impellers by moving them is considered so as

to disappear the interference phenomena between
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'Partlcularlyln a batch process, the m xing apparatus is demanded to neet
- the followi ng diversified purpose and hi gh performances. (1) Uniform

mi xi ng; Conpl ete mxing of |iquids can be attained unde geBEEN
Yiscosity. And conpl ete and unlforn1n1X|ng can be attai NE§E§

~conditions of lowto high liquid level in a tank with v@rio
: V|sc05|ty .

circulating flbws. In this case, however, it isrf
necessary to increase the height of either impellér_as
the same height of reduction (h', shown in the figﬁfe)
in the impeller clearance L, and this'cause the
incrément of the power consumption. Also, in the case
of increésing the impeller height, the discharged flow
is divided at the center of the impeller and two
circulating flows generate, and the boundary B'
:f;ph _ attributed to the interference of the ciréulating flow
” generates as the same boundary in_thé case of impelleis
attached with_a-wide clearance described above. These
phenomena disturb the linkage of the fluid in the tank.
. However, optimum crossing angle and the.
clearance between each impeller from the viewpoint of an
overall flow'pattern in the tank have not been examined
theoretically and quantitatively so that it makes
diffiéult to select the specifications for satisfying

the above-described demands.

SUMMARY OF THE INVENTION

The present invention has been accomplished in
order to solve the problems mentioned above.. And its
objects is to make one large circulating flow under the

adequate pressure gradient between the multiple stage
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(2) Heat -transfer performance; H gh heat- transfer capacity mﬁth-IOM/pomer

' COnsuhptlon is obtainable. (3) Solid-liquid mxing; Va Tﬂ !
solid-liquid mxing such as dispersion of particles w Vz &8,‘@%%”
~difference between particle and fluid, uniform mxing 1f hi JIEFEBRER Nt 1 atli on

o slurry, uniformmxing with a | ow shear rate and so on can be attai ned.

paddle impellers by arranging the paddle impellers to

the optimum positions. Therefore mixing efficiency

increases by linkiﬁg up the éach circuiéﬁihg.flow iﬁ Ehe
mixiﬁg tank under all hixing conditions from turbulent
to transition flow and further to the laminar £flow.

In order to accoﬁplish the above-mentioned
objects, the constitution of mixing apparatus for the
present invention is as follows. |

The mixing apparatus defined in claim 1 has a
rotating shaft vertically mounted at the center inside
a vertical cylindrical mixing tank. Paddle iﬁpellers
are vertically aligned on this rotating shaft. Also the
lowermost paddle impeller is arranged closer to. the.
bottqﬁ surface of the mixing tank and paddle impellers
attached at upper stages are arranged at a crossing
angle of less than 90 degrees in the direction of
rotation between adjacent stagés.

| 1n a mixing apparatus defined in claim 2, the
above—-mentioned crossing angle is set at 45-75 degrees.

'In a mixing apparatus defined in cléim 3, the
peripheral part of the lowermost paddle impeller is made

of retreated impeller.
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EREPLACENENT SHEET -3- (4) Liquid-liquid dispersionf Sharp |iquid-drop
'di aneter distribution is obtainable. In addition it is_possible to att

juni formli qui d-liquid dispersion : THIS SHEET HAS BEEN
' ' REPLAGED

In a-mixing apparatus defined in claim 4, the
- lowermost paddle impeller is provided Wlth a larger span
than other paddle impellers attached at upper stages.

in a mixing apparatuS'defined in claim 5, the

- clearance between the upper and lower.impeller is set to
less than 20 percent of the inside diameter of the
mixing tank.

1n a mixing apparatus defined in claim 6, the
upper and lower adjacent paddle impellers‘are vertically
overlapped at least at the outer edge part thereof.

Radial flow is generated by the rotation of
the mixing impeiler in the mixing tank. In the mixing
apparatus equlpped with the paddle impellers arranged:
vertically at multiple stages, the fluld is dlscharged
by each paddle 1mpe11er, and therefore, to smoothly link
up the number of circulating flow without interference
between them are important to obtain a pigher mixing
efficiency.

When the fluid in the tank is agitated by the
paddle impeller vertically arranged at multiple stéges,
a discharge flow in the radial direction are formed and
at the same time radial flow generated by the rotating
impeller flows into upper and lower regions of the

impeller and they again return to the center section of

T -



consistent wth the |ow shear rate and to attain honogeneous |ight-Iliquid
di spersion whose viscosity is increased by reactions.: The present i
“i'nvestigated whet her conventional m xing apparatus eq
mul tistage inpellers system could satisfy the aforenen -R@ﬂys. T
results of the investigations showed that it is not sofdiffi o—ched
a m xing apparatus capabl e of satisfying each of the '

the impeller as shown in Fig.6(a). The discharge floﬁs

- | ~ thus formed by these impellers interfere with that

caused by the other adjacent impeller, and the

segregationzocéurs between the circuléting flows by the
interference of the discharged flows, and also the
dischargé fiow influence to the radial flow from another
impeller. The phenomena mentioned above become to
disturb the linkage of the flow of the whole fluid in
the mixing tank. '

‘Furthermore, when the impeilérs are mounted at

a crossing angle of 90 dégrees which is well Enown as a

conventiénal type, the mixing apparatus can rotate with

good balance, ahd with mechanically stable condition. -

Within some viscosity range, however, it wiil become

difficult Eorsﬁéothiy link the flows between the upper'

and léwer'impellers, and therefore the linkage of the
flow.of the entire fluid in the mixing tank will be

.%§;. disturbed.

R Fifst, the inventors made particular
investigations with respect to a relation between the
behavior of.é'circulatiﬁg flow formed by each impeller
and a cioséing angle by.using a impeller arrangement
with close clearance in which discharge flows are easy

to link between upper and lower-stage impellers. The

laced

o i



abdvefdescribed conditions. However, it is very difficult to select
§petifications.capabl e of simultaneously satisfying many itenms of the

_aforenpntioned'conditions,_since these prior-art mxin p Pﬁ&v BEENT
_ co ap
neet EE

foll ow ng problens. Accordingly, the use of a mxing a
| nproved or devel oped will becone necessary in order t
~aforementi oned demands. |In a nixing apparatus equi pped with two-bl aded
paddl e

result showed that these circulating flows are affecting
- the other impeller at a certain phase of rotational
delay frém.thé bladé;'and that the formation of the
circulating flow in the tank is greatly influenced by a
correlation between the phase of rotational delay and
crossing angle.
That is, it was found that, with the change of
the crossing angles of the upper and lower paddle
fﬁgjq impellers, the vertical arrangement.of the preséure
- rising produced at the-front face of these paddle
impelleré and the pressure dropping produced at the rear
face vary in accordance with the change of the crossing
angles, and that the most stabilized linkage of the
dischargéd-flow from the upper and lower paddle
impellers oc¢cures when the crossing angle is selected
within a certain range. -
| From a further detailed investigation of this
e relationship between the circulating flows and the
s crossing angle of impellers , the inventors have reached
the conclusion that the formation of circulating flow is
difficult to form in the whole mixing tank by the
interference of the discharge flows when discharge flows
formed by one paddle impeller have flowed towards the

high-pressure side at the front face of the other paddle
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i npel l ers on a shaft at a crossing angle of 90 degrees apart from each
- O0ther, which is described in prior art as a conventional gyxpe. _the

streanmiines formed -4 by t he di scharged f1ow from eaghlHIGIBHEEE 4 AR BREN
sufficiently _ REPLACED

impeller. On the contrary, when the discharge flows
flow to'the'loﬁ-pressure side at the rear face of the
other paddle 1mpeller, a selectlvé”fiow flow1ng from the
'hlgh—pressure'51de towards the low pressure side between
the upper and lower-stage impeller will be formed
without disturbing an adjacent discharge flow, and the
flows of the liquid being discharged from these
impellers will be able to be properly linked.

Therefore, the linkage of a flow pattern in the tank is
attained by the optimum pressure graaiént, and this
result leads to enhancing the mixing efficiency of the
£luid.

Also, the inventors have reached the
conclusion that the optimum flow pattern for mixing
based on the pressure gradient could be obtained by.
advancing the phase of the upper paddlé impeller less
than 90 degrees ahead of the lower paddle impeller.

| In.order to confirm this conclusion the
inventors selected paddle impellers vertically arranged
at cross angles as a model apparatus, and made numerical
simulation and mixing experiments were conducted by
using the model mixing apparatus. The effect of such

three factors and the mixing characteristic are

described in (1), (2) and (3), (1) the crossing angle &

I A

eet Has Been Replaced

Hll\ll\\lll\\l\lll\\ll\ o




|l i nk under the adequate pressure gradient between each inpeller region.
Therefore, the segregation of the fluid in the tank occu PHICSH L e
between the upper and.the 1ower inpeller, and a stagnané[gofggéagkqﬁfgﬁgge
of the fluid occurs in the tank, and these phenonena re g L

efficiencies of mxing performances. The formation of the dead space not
only reduces the heat-transfer performance of the fluid but burn and stick

and Conta”ingfieﬂeaﬁﬁpgkaghﬁ 48wer-stage (an advanced angle, in the

direction of rotation, of the upper-stage impeller from

‘the reference angle of the lower—-stage impeller), (2) a
clearance L between the upper and lower-stage impeller,
and (3) the discharge force balance between the upper
and lower-stage impellers.
The numerical simulation performed consists of
numerical analysis of flow and mixing simulation using a
:(ﬁ?: result of the flow analysis. First, three-dimensional
o fluid velocity distfibution within the’mixing tank was
simulated'and_also time change of concentration
distribution of a diffusion material which is thrown
from the liquid surface is simulated by using the result
of flow compuéétion. - This numerical simulation was
applied to a laminar flow condition since the numerical
analysis of a fluid haQe a good .reliability only in this
region.
o | On the other hand, the mixing experiment was
h conducted-by ﬁsing large and small mixing tanks, one has
400 mm in inside diameter, 800 mm in height, 80¢t in
capacity, and the other has 200 mm in inside diameter,
400 mm in height, and 10¢t in capacity. The measurement
! of a mixing time was conducted by using a decoloring

method for removing the color of iodine solution through
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be caused on the i nner wall surface of the tank, and therefore they reduce
the mixing efficiencies. Wien a nixing apparatus with flat- blade I npellers -
such as paddl e inmpel l'ers is used, a nunber of circul H)g f

generated in the tank by the- rotation of the inpelleri Agﬁﬁﬁﬂra
beconme nore typical when a clearance L between upper Emmellers S

kept as large as shown in Fig. 6(a). In such a case, S|nce the boundary B
1S '

reduction with sodium thiosulfate. A viscosity of an
iodine Sqlutioﬁ'and a sodium thiosulfate solution are
adjﬁsted to the same viscosity as a liqﬁid to be mixed,
and the mixing:time was determined by referring to a
photographic_éttip of a decoloring process.
| First, (1) the effect of a difference in the
crossing angle @ between the upper-stage and the lower-
stage impellers on the flow and mixing process in the
mixing tank was evaluated by using the numerical
calculation. 1ln this numerical calcuiaiion, 120
mm(0.6D)~diameter paddle impellers are'vertically
arranged'at two stages, with a clearance L of 20 mm
(0.1D) in the 200 mm-inside diameter D mixing tank. The
viscosity u of a liquid in the tank is 5Pa-s, the
density p of 1400 kg/m?® and the mixing Reynolds number
Re of 8.4, Numerical calculations were conducted by
changing the crossing angle « of the upper- and lower-
- stage impellefs from 0 degrees (the upper and lower- |
stage impellers are positioned in the same plane) to 9b
degrées under common conditions of liquid depth H of 200
mm (1.0D) and an impeller speed of 2.08 rps. Typical
examples of the fluid velocity distribution and mixing
process 6btained from ther numerical calculation are

shown in PFig. 7.
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generated by the interference of the C|rculat|ng fl ows, n1X|ng betmeen t he
‘upper’ and lower circulating flows is suppressed.. On the qy
reduction of the clearance L between the inpellers by UM SHE‘%?THA% BEEN
consi dered so as to disappear the interference phenonenpa betﬁEPhACED

Fig. 7 shows the velocity vectors in a

'f vertical sectlon of a mixing tank, by 1ts rlght half and

concentratlon contours indicating the progress of mixing

of a diffusion material. Fig.7(a) shows the velocity
vectors and the concentration contours at the crossing
angle a of 45 degrees, and Fig.7(b) shows the same at
the crossing angle « of 0 degreée.

When the crossing angle « is 0 degree,

o discharged flow from the upper and lower ﬁaddle impeller
meet each other between the impel;ere,:and this flow
phenomena disturbs the smooth conveyance of the liquid
between the upper and lower parts in the mixing tank.
On.the.qtheruhend, when the crossing angle a« is 45
degrees, the liquid conveyance is smoothly promoted from
the upper part to the lower part of the mixing tank as
shown in the Pig.7(a):

. :
A difference in the mixing process

-f;” correspohding thereto is as follows. When the crossing
angle « is 0 degree, the diffusion material is not
conveyed.to the lower—-stage impeller region after the

‘lapse of 30 seconds after charging the diffusion
material. But ﬁhen the crossing angle is 45 degrees,
the diffusion ﬁateriallreaches the bottom region of the

.tank in a period of 30 seconds after charging the
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REPLACEMENT SHEET circulating flows. In this case, however, it is necessary
to i ncrease the hei ght of either inpeller as the sang_hejght of reduction
(h shown in the figure) in the inpeller clearance | THENGHERY ﬁASEBE@ﬁ an
increment of power consunption. Also, in the case of |ncr¢ﬂﬁiﬂggﬁ '
inpel ler height, the discharged flow is divided at t!

ipel ler, and two circulating fl ows generate, and the boundary B
attrlbuted tdiffusion material. That is, linkage of the discharged

flows caused by the upper and lower-stage impellers and
the nixing'ef the fluid in the tank are promoted faster

in the case of the blades arranged at the crossing angle
ﬁﬂ. of 45 degreesnthat in the case of the upper and lower
paddle-impeilers arranged in the same plane. As the
results of investigations of various crossing angles «a
made by using this method, the optimum crossing angle a
- exists ranging from 30 degrees up to less than 90
degrees, and preferably from 45 degrees up to 75
degrees, and the above—-described inference is confirmed
to be app;icable.

Subsequently, (2) for the purpose_of_gresping
the optimum renge of the impeller clearance between the
upper and lower—stage impellers, numerical calcgulation
of the flow were conducted with the crossing angle of 45
degrees. Also, the impeller clearance L was changed
within.the range of from 10% to 30% of the inside
diameter D of the mixing tank. The conditions of the
numerical calculation were the same as those described
above. The velocity distribution obtained by the
numerical calculation is shown in Fig. 8.

Fig. 8 shows the velocity vectors in the right

half of a vertical section of the mixing tank. 1In
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the interference of the circulating flow generates as the same boundary in

¢ase of i npel lers attached with a wi de cl earance descri bed above. These

phenonena disturb the |inkage of the fluid in the tank T
crossing angle and the cl earance between each inpellerLa ﬁ?ﬁﬁ? é§¢%§hn

of an overall flow pattern in the tank have not been e etice
and quantitatively so that it makes difficult to select the ’

Fig.8, Fig.8(a) shows an example of the impeller
clearance L set at 0.1D (10%), Fig. 8(b) shows an example
of the impeller clearance L set to 0. 2D (20%), and
Fig.8(c) shows an example of the impeller clearance L
set to 0.3D (30%). The ratio of the flow rate of flows
into the lower paddle impeller reéion to a flow being
discharged by the upper paddle impeller decrease with
increasing the clearance L from 0.1D to 0.3D, as shown
-f{;l in Fig. 8. When the impeller clearance L'equals 0.3D,
| the flow discharged by the upper padale impeller is
puehed backward by the discharge flow of the lower
paddle impeller LP without flows into the lower paddle
impeller region. ln.the“meantime, at the impeller
clearance L of less than 0.2D, the discharged flow from
the upper paddle impelier flows into the lower paddle
impeller region, and this means the linkage of the flow.
Accordingly, high—-efficiency mixing based on the linkage
of the flows between upper and lower impeller regions in
the mixing tank can be attained by setting the impeller
clearance L less than 0.2D, and preferably set to 0.1D.
Furthermore, to perform high-efficiency mixing
by use of a multistage impeller structure, (3) the
discharge force balance between the upper and lower-

stage impeller is important. In this examination,
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specifiications for satisfying the above-described demands. The invention
has been acconplished and has its object in order to Solve t he probl ens

mentioned above, and its particular object is to make A af-at us
a large circulating flow under the adequate pressure ;ra qﬂF g?@gﬁ%N:(a
mul ti pl e stage D .

investigations on the discharge force balance were made
- in the laminar and turbulent flow ranges by using a
retreated paddle impeller setting at the lowermost stage

in order to increase a discharge flow in the lower part

\-‘\—

of the mixing tank. This improvement for this apparatus
leads tq-both the applicability in the wider wviscosity
range and increase the power efficiency. 1n the case of
mixing apparatus with three-impeller type, the numerical
'fi calculation of tﬁe laminar flow were maderusing

- conVentional straight paddle impeller and retreated ;0
impeller in order to examine the velocity distribution
of the discharge flow in the radial direction at around
and a result of the analy515 is shown in Flg. 9.

Flg. 9 (a) shows velocity distribution of ‘the

discharged flow in the radial direction around the r 5
retreated impeller, while (b) shows the distribution of
the discharge flow in the radial direction around the
conventional straight paddle impeller.

P As shown in Fig. 9, when the retreated
impeller is used, there appears no backward flow S of 2)
liquid at thé.reaf face of the impelier tip which is
often 1ikely-to occur in the case of the straight paddle
impeller, and the liquid is discharged throughout a wide

‘range of angle in the tangential direction. Also, the

i
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- 6- paddle inpellers by arranging the paddle |npellers to the optinmum
positions, and therefore m xing efficiency increases by Iinkin
circulating flow in the mxing tank under all m xi - I
turbulent to transition flow and further to | am nar ' i}&gﬁder tflo
acconplish the above-nentioned object, the —

maximum discha:ge flow velocity is 30% greater than that |
of the straight paddle impeller when thew impeller
diameters are the same. o |
On the other hand, since the velocity of the
discharge flow for ?he paddle impeller depends on the Y
outside diameter (impeller span) thereof, the discharge
force in the lower part of the mixing tank can be
increased by using a large-span paddle impeller at the
i/“ lowermost stage than the other paddle impéller
positioned at the upper stage. S I
1n.the laminar £low range of over the
viscosity of 2Pa-s, mixing could be done well throughout
the interior of the mixing tank by the use of multistage
paddle impellefs mounted both at the érossiﬁg éﬁgie'a of
45 degrees and at the blade clearance L of 0.10 - /5
determined according to the above-described opfimum
condiﬁions. “In the transition region where the flow
' cﬁanges from the laminar flow to the turbulent £flow,
however, the linkage of flows between the upper and
lower—-stage 1mpellers become unstabilized and the- >
segregation occured Therefore these cause delay of
mixing time. -
As a.result of investigations made for solving

the above-mentioned problem, the flows of fluid
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i nvention provides a m xing apparatus havi ng the features of claim 1.

Preferred i nprovenents of this apparatus ar e subj ect—hai-t-—of—tiro——
dependent subcl ai nms. -7- Radial flow is generat ed Hﬂutﬂi’tﬁﬂ'dﬂﬁ BEEN pf
m xi ng REPLACED

discharged from these paddle impellers allowed to direct

into the rotational zone of the adjacent paddle

- impellers dahmbe linked well by overlapping at least the

outer edge part of the vertlcally adjacent paddle
impellers in the vertlcal dlrectlon, thereby enabllng
linkage of flow patterns caused by the optimum pressure
gradient and improvements in mixing efficiency in mixing
a fluid in a transition flow zone and to a laminar flow
zone.

For the purpose of confirminé the effect
thereof, strip—type fins are attached in the lower end

part on both outer sides of the upper paddle impellers,

projecting downward to overlap the lower paddle

impellers, and by using this impeller structure, mixing
of a liquid was performed with the viscosity“of less
than 2Pa-s under the above-described conditions.

The result shows that the rapid mixing is

‘attained stabilized mixing with flows of liquid caused

by the upper and lower paddle impellers by the effect of
the fins installed in the lower end part on both outer
sides of the upper paddle impeller. Also it was
confirmed that the provision of the fins in the lower
end part on both outer sides of the.upper paddle

impeller enables not only uniform satisfactory mixing in
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i mpel | er

in the mxing tank. In the m xing apparatus equipped with t

paddle I npel l ers arranged vertically at nultiple stages

di scharged by each paddl e inpeller, -and 't hereforef {16, SHIEET hN&BEEN
nunber of circulating flows wthout interference EtVWHﬁEpLheEDIS [

to obtain a higher mxing efficiency. Wen the fl U d ip-the—tank 1s
agitated by the paddle inpellers vertically arranged at nultiple stages, a

di schar ge

-4

both the transient flow and the turbulent flow region

but better mixing in the laminar flow zone as compared

he

up t he
ortant

with mixing apparatus without fins. ~

The mixing apparatus according to the present

invention has been -accomplished on the basis of various

" conditions determined by the above-described surveys.

That is, rapid mixing is realized with the flows

caused by the upper and lower-stage impellers linked by '

vertically mounting a plurality of paddle'impellers at
multiple stages attached to-a rotatihg:shaft. Each
paddle impeller is attached at an upper stage and
advanced in the direction of rotation with the crossing
angle of under 90 degrees in relatlon to a vertlcally
adjacent lower paddle lmpeller.

Furthermore, more rapid and reliable mixing

can be assured by linking of the discharged flows from

‘the upper and lower-stage impellers with the crossing

angle set to 45 to 75 degrees.
Furthermore, the outer edge part of the

lowermost paddle impeller is retreated to increase the

discharge flow in the lower part of the mixing tank. By

using the retreated impeller, the linkage of flow
patterns of the whole liquid in the mixing tank are

improved, and these effects lead the applicability of
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flowin the radial direction is formed, and at the s e L.uc
generated by the rotating inpellers floms i nto upper ¥?¢§a$
t he |npeller and again returns to the center sectlon ERiACED

pW

of -

the apparatus to various viscosities and power

T efficiency.

Furthermore, a greater discharge force in the

lower part of the mixing tank is attained by increasing
the span of the lowermost paddle impeller larger than
the other paddle impeller located in the upper stage,
and this leads the stabilized linkage of flow patterns
of the entire £luid in the turbulent flow region in the
e : mixing tank.

Furthermore the impeller clearance betweeh the
adjacent upper and lower paddle blades was set at less
than 20% of the inside diameter of the mixing tank,
thereby more difficult mlx1ng based on stabilized
linkage of flows caused by the upper and lower—stage.
impeller are attalned.

Furthermore, reliable and stabilized linkage
of flows of fluid in the transition region caused by the
‘upper and lower-stage impellers are attained by -
overlapping the upper and lower adjacent paddle
impellers at least in the vertical direction at the
outer edge part, thereby good, and eniform mixing of the

fluid in the transition region is attained.

BR1EF DESCRIPTION OF THE DRAWINGS

This Sheet Has Been Replaced
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the inpeller as shown in Fig.6(a). The discharge flows thus formed by these
inpellers interfere wth that caused by the ot herad-acent—apetter, and :
segregation occurs between the circulating flows byHuh%Hﬂﬂ”ﬁﬁgéﬁﬁNce'of t he
di scharge flows, and al so the discharge flows inf]| uenc®EPLAGEDi al |f | ow
from anot her inpeller. The phenonena nentioned above darsturb- tne T1nkage of
the flow of the whole fluid in the mixing tank. Furthernore, when the

' mpellers are nounted %heapresent invention will become more fully

understood from the detailed description given
hereinbelow and the accompénying drawings which are

' given by way of illustration only, and thus are not
limitative of the present invention and wheréin:

Fig. 1 shows a mixing apparatus of a first
embodiment according to the present inventipn; in which
(a) is a partially cutaway view ih perspective of the
mixing apparatus and (b) is a sectional view taken along
line B-B of (a): _ '

| Fig. 2 shows velocity vectors.of flows and
concentration response curves in the mixing tank of the
embodiment;

m Fig. 3.isha pa;tialiy éutéwéy-Qiéﬁ in
perspective of a mixing apparatus of another embodiment
according to the present invention;

Fig. 4 is a view explaining the overlap form

- . ~ of impellers according to the present invention; -

| Fig. 5 shows a mixing apparatus of further

another embodiment, in which (a) is a front sectional

&iew and (b) is a cross sectional view taken along line

B-B of (a):;

Fig. 6 is -a typical view for explaining a

relation between an impeller clearance and a circulation

—
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qrossyng angl e of 90 degrees which is well known as a conventional type,
tthe m xi ng apparatus can rotate with good bal ance, and with nechanlcally
~stable condition: Wthin sonme viscosity range, cone '
difficult to snoothly link the fl ows between therﬁg ﬁé%ﬁg E@ npel | ers,
and therefore the |inkage of the flow of the entire fl CRP( he n Xi ng

tanﬁ will be disturbed. First, the inventors made particul ar investigations
W t

flow in the mixing apparatus with vertically arranged
mgltistage paddle impellers;
- fig. 7 shows the velocity vectors in the
mixipg apparatus in relation with a crossing angle
according to the present invention, and also shows
-concentration contours expressing the progress of
reduction decoloratiOn} |
Fig. 8 shows the velocity vectors in the
:}:i. mixing apparatus in relation with the impéller clearance
N according to the present invention; and
Fig.9 shows velocity distribution of the
discharge flow in the radial direction around retreated
_impeller,_aﬁd also shows around a straight paddle

impellers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Hereinafter preferred embodiments of mixing
apparatus according to the present invention will be
expléined with reférence to the accompanying drawings.

Fig. 1 shows a preferred embodiment of a
mixing apparatus according to the present invention, in
which (a) is a partially cutaway perspective view, and

(b) is a cross sectional view taken along line B-B of

(a).

-—_\_
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respect to a relation between the behavior of 3 C|rculat|nq flow forned
@ach i'npell.er and a crossing angle by using an 'TFHQTSHEETQ-I_ 2l | nt with
cl ose clearance in which discharge flows are edsy tOREP ;fftmee upper

| ower -stage inpellers. The .- -
‘1n Fig. 1, a numeral 1 denotes a mixing

apparatus of glass—lined type. Thls mlxlng apparatus l
is made of a vertical cyllndrlcal tank fitted w1th a
jacket la for heat exchange around the outside wall.
Two baffles 6 are vertically inserted from the top of
the tank at aa_equal pitdh in close by the inside wall
of this mixing tank. Baffles are not necessarily
reQuired for mixing of high viscous liéuids.

A numeral 2 refers to a rotatind shaft. The
rotating shaft 2 is vertically installed at the center
of mixing tank 1 and is driven to totate by a drive unit
5 mounted at the center on the top of the mixing tank 1
in the direction indicated by the arrow A in view (b).

A numeral 3 refers to a lower—atage impeller. This
lower-stage impeller 3 is a paddle impeller with the
lower edge section formed along the curved surface of
the bottom of the mixing tank 1 ané with both outer side
sections are retreated in the opposite direction of
rotation inaicated by the arrow A in view (b). And this
lower stage impeller is mounted on the lower end portion
of the rotating shaft 2, with close to the bottom
surface of the mixing tank 1.

A numeral 4 represents an upper-stage

impeller. This upper-stage impeller 4 consists of a

23 - Sheet Has Been Replaced
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-9- result showed that these circulating flows affecting the
inpel lers at a certain phase of rotational dela Tﬂmq%m@pupg

the formation of the circulating flowin the tapk i NI
a correlation between the phase of rotational d
That is, it was found that, with the change of the cr055|ng angle
upper and | ower paddle |npellers t he

ot her

and t hat

uenced. by -
i ng angl e.
s of .the

paddle impeller having nearly the same impeller diameter

as the lower—-stage impeller 3, fitted with strip-shaped

fins 4a projecting'but'dbwnward'at the lower end parf'bn

both outer sides, and mounted on the rotating shaft
above the lower-stage impelle;'B. This upper—stage

impeller 4 is set at a crossing angle « of 45 degree

2

s

shown in view (b), advanced in the direction of rotation

indicated by the arrow A, in relation to the lower-s

impeller 3. At the same time, the lower fip of the

tage
fins

4a on both outer sides thereof are located lower than a

specific length aAh from the upper tip, being overlapped

in the vertical direction with the lower-stage impeller

3.

In order to confirm the effect of improvement

on the mixing efficiency from medium- to high-viscos

ity

ranges in the mixing apparatus of the above-described

constitution according to the embodiment, numerical

simulations were conducted both to determine the

T

velocity vector of liquid and concentration response of

the diffusion material in the liquid surface and bottom

of the tank for the Reynolds number Re 11l.7 in the
laminar flow conditions. Numerical calculations wer
carried out under such common conditions that paddle

impellers measuring 120 mm (0.6D) in impeller diamet

e

< N
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vertical arrangenent of the pressure rising produced at the front face of

t’hese paddle i npel I ers and the pressure dropping r face -
vary in accordance with the change of the crossing TN@IS&EETMB the
most stabilized Iinkage of the discharge rom1frorEthe RERIACERNd | 0 :

paddl e i npel l ers occurs when the crossing angle is TTed W Lthin a‘
certain range. Froma further detailed investigation of this

arranged vertically in two stages were used in the

liquid depth H of 250 mm (1.25D) at the impeller speed
of.2.08 1/s. Aisb the length of overlap ah with the
lower-stage impeller of the upper-stage imbeller f£in
section of the apparatus of the present-embodiment was
set at 0.05D. A result thereof is shown in Fig. 2.
F;g. 2 shows the velocity vectors and
concentration response curves of fiuid in the mixing
tank. Fig.2(a) shows those of the.mixing'apparatﬁS'
according to the present embodiment, while Fig.2(b)
shbws those of prior—art mixing apparatus as the
comparative example.
In the brior—art mixing apparatus, as shown

Fig.2(b), the flows of liquid caused by the upper- aﬁd
lower—Stagé paddle impeller are linked but some
concentraﬁion difference between the liquid surface and
the tank bottom even after about 180 secondsiexists, and
- this shows the imcomplete mixing. In the mixing
. apparatus of the present embodiment shown in FPig.2(a).,

however, the flows caused by the upper—- and lower-stage

impeller are well linked, and this result becomes more

clear to see that the concentrations of the. liquid in

surface and the tank bottom after about 90 seconds are

the same, and this shows that the complete mixing is

eet Has Been Reﬁaoed

TR,



rel ationship between the circulating flows and the crossing angle of the
inpel I ers, the inventors have reached the conclusion that the formation of .
circulating flowis-difficult to formin the whole_mxing tank by the - -
interference of the discharge flows when di schar pgHfd SMEET BASHBEERY one
paddl e inpeller have flowed towards the high-prepsure gHEpigced tEE f ront
face of the other paddle _ ’

attained. Therefore, it has beén confirmed that the
.mixing_apparatus according to the present invention has
an effect to largely reduce the mixing time as ﬁﬁch as
half or more as compared with the prior—art mixing
apparatus.
' According to the mixing apparatus shown in
Fig. 1, two mixing impellers, upper and lower, are
adopted. This is merely one example,.and therefore, it
is to be'understood that the present is not limited
thereto but three paddle impellers arranged vért}cally as
shown in Fig. 3 may be adopted. And further tﬁe number
of the paddle impellers may be increased more than three
in accordance with the size of the apparatus and the
liquid depth without departing from the spirit and scope
.6f the present invention.

Fig. 3 is a perspective view of the mixing
apparatus of another embodiment adcording to the present
invention partly cut away. In this figure, the same
numbers as those in Fig. 1 are designated by the same
reference numerals, which therefore will not be
described.

In the mixing apparatus of this embodiment,
upper-stage impellers 4 fitted with fins 4a in the lower

end portion on both outer sides are vertically mounted

This Sheet Has Been Rerlaced
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10 inpeller. On the contrary, when the discharge flows flowto the
| ow- pressure side at the rear face of the other paddle inpeller, a
selective flow flowing fromthe high-pressure side towards the | ow pressure

si de between the upper and | ower-stage inpeller .de'%ﬁEEVmeHBEEN
e .1
REPLACED

above the .lower~stage impeller 3 in two stages on the

rotating shaft 2 as the same shown in Fig.l. This
impeller structure, therefdre, is a thfée¥§£é§é impeilér
structure on the whole. The lower-stage impeller 3 and
the two upper-stage impellers 4 are arranged 45 degrees
apart from each other, and these two upper-stage -
impellers 4 are overlappea at the fin sections 4a in the
vertical direction with an adjacent lower impeller.

By using the mixing impeller syétem in the
present embodiment as described abové,éuniform mixing of
the fluid in the whole tank is assured even if the
liquid depth varies, and also the impeller structure is
easily applicable to larger-size, 1arger—dapacity mixing
épparatus, T B R

" 1n the mixing apparatus shown in Figs.'l to 3
thelstrip—shaped fins 4a are attached in the lower end
-part on both outer sides of the upper—-stage impeller 4.
The fins 4a are overlapped vertically with the other
impeller positioned below to stabilize the linkage of
flow between the upper and lower adjacent paddlé
impellers. 1t should be noted that this is mereiy one
example. Therefore, unless departing from the true
spirit and scope of the present invention in which the

upper and lower adjacent paddle impellers are overlapped

. . This Sheet Has Been Reﬂlaced

-2 =AM




mnthout di sturbing an adjacent discharge flow, and the flows of the liquid

bei ng dlscharged fromthese inpellers will be able to be properly Iinked.
Therefore, the linkage of a flow pattern in thg.taumet & q by the
opti mum pressure gradient, and this result |ea SHLﬂSﬂﬁﬁ%r P m xi ng

efficiency of the fluid. Also, the inventors have r

in the vertical direction at least at the outer edge
part, it is possible to overlap the upper—- and lower-—
stagé'imbeiiefs by'providing for example strip-shaped
fins on one outer edge part of the lowerjstage impeller
3 and the upper-stage impeller 4 as shown in Fig. 4
(a), or f£ins projecting in a form of fish tail in the
" lower end part on both outer aides of the upéer—stage
impellers 4 as shown in Fig.‘4 (b), or fins projecting
in a form of f£ish tail in both outer edge'parts of the
lower—-stage impeller 3 and the upper;sfage impeller 4 as
shown in Fig. 4 (c).
Furthermore, in the mixing apparatus shown in
Figs. 1 to 3, the lowermost impeller is retreated for
"the purpose of increasing the discharge forcé_in the
lower part of the mixing tank, and this leads to the
applicability to various fluid viscosity and increasing
power efficiency. This retreated impeller, however, is
not necessarily required. Since the lowermost paddle
Ci‘ | impellers haviné a larger span than the other impellers
positioned in the upper stage may be usable for the same
purpose.
Fig. 5 is a view showing a mixing apparatus of

another embodiment of the present invention, in which

This Sheet Has Been Reﬂlaced ' - 28 -




conclusion that the optinmumflow pattern for m Xxi ng based on the pressure
gradlent coul d be obtained by advanci ng the phase of the upper paddle

inpéller I ess than 90 degrees ahead of the- Io-

to confirmthis conclusion the inventors selec
vertically arranged at cross angles as a nodel

PTHG o

_appair

REPLACER NG

dfe 5&.5:3 ‘+n--order -

nunerical sinulation and m xi ng experinments were conducted by

(a) is a front sectional view and (b) is a cross

sectional view taken on line B-B.

ln Fig. 5, a numeral 11 expresses a mixing

tank. This mixing tank 11 is a vertical cylindrical

tank fitted with a jacket 1lla for heat exchange on the

outer wall. On the inner peripheral surface of this

mixing tank 11, four baffle places 16 are vertically

installed at an equal pitch in the circumferential

direction along the axial direction.

A numeral 12 denotes a rotating shaft, which

is vertically mounted at the center in the mixing tank

11 and driven to rotate in the direction indicated by

the arrow A in (b) by the drive unit 15 mounted at the

center on the top of the mixing tank 11.

A numeral 13 represents a lower—-stage impeller

and a numeral 14 refers to an upper-stage impeller.

These upper— and lower-stage impellers 14 and 13 are

- paddle impellers of the same impeller diameter d and the

same impeller height h, and they are mounted vertically

lined on the rotating shaft with a specific clearance

provided therebetween. The lower edge section of the

lower—stage impeller 13 is formed aiong the curvature of

the bottom of the mixing tank 11 so that the impeller

may be installed close to the bottom surface of the

- 29 -
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using the nodel mxing apparatus. The effect of such three'féctors and the
n1X|ng characterlstlc are described in (1), (2) and (3), (1) the Prnrs|ng
‘angle ‘a” 11 of the upper and |ower-stage (an-advdr ossnmms BEEM

REPLACED

a7

mixing tank 1l. While the uppef—sfage impeller is set at
the crossing angle « less than S0 degreeé ahead of the
lower-stage impeller in the direction'of'rotation”bymtheM ”M
arrow A shown in (b), and at the impeller clearénce L from
the lower-stage impeller 13. The clearance L is set at
20% or less of the inside diameter D of the mixing tank
11.
1n the following, a concrete example of mixiﬁg
"""" and agitation by use of the mixing apparafus of the
present embodiment having the above-described
constitution will be described.

There were prepared three kinds of mixing
apparatus of the above-described conétitution.ofuthe
crossiné angle a of the upper- and lower-stage.impellers
14 and 13 set 45 degrees, 60 degrees and 75 degrees
including the mixing tank 11 of 200 mm in inside

diameter D, and the upper- and lower—stage‘impellers_l4
and 13 measuring 120 mm (0.6D) in blade diameter d and
70 mm (0.35D) in impeller height_g and mounted with an
impeller clearance L of 20 mm (O.lD) .. Also a prior-art
mixing apparatus which was of the same constitution as
the present embodiment excepting the crossing angle « of

90 degrees. and impeller clearance L of 60 mm (0.3D) of

£ —



direction of rotation, of the upper-stage i mpel l er fromthe reference angle
of the |ower-stage |npeller) (2) a clearance L between the upper and .

| ower - stage inpeller, and (3) the di.scharge force b: ToEF upber
and | ower-stage inpellers. The nunerical sinulation Eﬂﬁkﬁﬁﬁﬁf 5t'q of
nunerical analysis of flow and m xi ng sinulation usi hA@EQﬁ t fl ow

anal ysis. First, three-dinensional

the upper- and lower-stage impellers was prepared for'
the comparlslon.

COmparatlve lnvestlgatlons were conducted,-for
comparison under the same conditions, of the time
required for complete mixing of liquids by mixing and
agitating the liquids whose viscosity x= 5Pa-s and
density p = 1400 kg/m® at the impeller speed of 125 rpm.

As a result, according to a comparative
example, the time required for complete mixing of
liquids was 150 seconds, while that of the present
embodiment was 104 seconds in the case of the impellers
mounted at the crossing angle of 45 degrees, 102 seconds
at the crossing angle of 60 degrees and 114 seconds at
the crossing angle of 75 aegrees. When compared with
the prior-art examples, therefore, the present
embodiment could largely improve the liquid mixing and
agitating efficiency by about 25% to 30%, therefore it
shows an excellent mixing effect.

Ih the present embodiment, the impeller
clearance L between the upper- and lower-stage impellers
was 20 mm. However, this is merely one example and the
clearance may be set to any length under 20% of the

inside diameter D of the mixing tank.

This Sheet Has B
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fluid velocity distribution within the mxing tank was simulated and al so

t'i me change of concentration distribution of a which is
thrown fromthe liquid surface is simulated: by dﬂﬂnds f--fl ow
conputation. This nunerical sinulation was appl§ ed t RERLA | ow

condition since the numerical analysis of a flu
only in this region.

have a good reliability

The increase of the overall impeller height

y correspondingly to the liquid depth is necessary to

reduce this clearance as deécribed above in [Description
of the Prior Art]. However,this includes such a problem
as an increase in power consumption. This impeller
clearance, therefore, will be selected less than 20%
(preferably around 10%) of the inside diameter of the
mixing tank from the respect of the size of the
apparatus and economy.

Furthermore, in the present embodiment, the
both the upper- and lower-stage impellers used are
faddle impellers of the same height and diameter. This,
however, is merely one example and the lower- stage__.
impeller may be retreated as in the case of the first
embodiment, or may be a larger-span impeller than the
upper—stage impeller for the purpose or smooth and
effective linkage of flows of rhe entire liquid in the
tank by increasing the discherge for in the lower part
of the tank.

According to the present embodiment, the
mixing impeller structure is a vertically arranged two-
stage impeller structure. The evaluation and
explanation of the effect of the constitution of the

present invention becomes easy by adopting this impeller

\

—_—
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On the other hand, the m xing experiment was conducted by using large and
smal | m xing tanks, one has 400 mmin inside d|-

[err] in capacity, and the other has 200 nmin K ers4p0 nmin--

height, and [err] in capacity. The neasurenent E
conducted by using a decol oring nethod for renovimg the col or of iodine
sol ution through

structure. It is, therefore, to be noted that, for the

- purpose of similarly improving the mixing and agitating
efficiency, a multistage mixing impeller structure using
more than two stages of mixing impeller may be adopted
in accordance with the size of the épparatus and liquid
depth inasmuch as it does not deﬁart from the true
spirit and scope of the present invention.

As has been described above, the mixing
£ apparatus according to the present inQention has the
| mixing impeller structure that multiplé stages of paddle
impellers are vertically arranged in the optimum
position for mixing, so that flows caused by appropriate
pressure gradient between the paddle impellers will be
formed and flow patterns are smodthly linked throﬁgﬁout
the interior of the mixing tank, thereby largely
improving the fluid mixing efficiency under mixing
operation conditions ranging from the turbulent flow to
the laminar flow regions.

While only certain embodiments of the present
invention have been described, it will be apparent to
those skilled in the art that varioué changes.and
modifications may be made therein without departing from
the spirit and scope of the present invention as-

claimed.
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- 12 ; reduction with sodiumthiosulfate. A viscosity of an iodine solution
and a sodlun1th|osulfate sol ution are-adjusted to the sane viscosity as a

l'i'quid to be mnixed, i me- was detern1ned hy-sefferring to a -
phot ographic strip M,Immum)mmmr ocess. gET HAS BEEN 3
R -

WHAT IS CLAIMED 1S:

N _ - 1. A mixing apparatus in which a rotating shaft
is vertically installed at the'center of the ih£é£16£ 5f"”' -
a vertical cylindrical mixing tank; a plurality of
paddle impellers are attached at multiple stages, upper
and lower, on said rotating shaft; one of said paddle
impellers at the lowermost stage is disposed close to
the bottom surface of said mixing tank; and each paddle
impeller pqsitioned at the upper stage is'arrangeé at
crossing angle of less than 90 degrees:ahead of said
paddle impeller at an adjacent lower stage. ‘
. 2. A mixing apparatus as claimed in claim 1, in
which the.crossing angle.is from 45 through 75 degrees.
3._ A m1x1ng apparatus as claimed in clalm 1, in
which the outer edge part of a lowermost paddle impeller
is retreatedr
4. A mixing apparatus as claimed in claim 1, in
o whieh said lowermost paddle impeller is provided with a
| larger span.than other paddle impellers positioned in
upper stages. )
5. A mixing apparatus as claimed in claims 1, 2,
3 or 4, in which the impelier clearance of said
vertically adjacent paddle impellers is 20% or less than

the inside diameter of said mixing tank.

haﬁHuBamRTrmm
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First, (1) the effect of a difference in the crossing angle a between the
upper -'stage and the |ower- stage inpellers on the flow and ni xi ng process
i'n the”nixing'tank'was uﬂa g theonuoerical-caleegti-on. I n
this numerical cal cul at @‘ mﬂ“ - di ankgrS SHEET HASBEENIjer s are
vertically arranged at st aged, Wi th a cl eprancepPLACEBO nm|(0.1D) in
the 200 nminside dianmeter D m xing tank. The ’

6. A mixing apparatus as claimed in claims 1, 2,
) 3 or 4, in which sa:.d vertlcally adjacent paddle
J.mpellers are overlapped w1th each other in the vertlcal

direction at least at the outer edge part thereof.

This Sheet Has Been
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viscosity [err] of a liquid in the tank is [err], the density p of 1400
[err] and the m xi ng Reynol ds nunber Re of 8.4. Nunerical calculations wer e
conduct ed by changi ng the crossing angle a of“the“upper- ‘and | ower - - stage
impellers fromO degrees (the upper and |l o s b{:_gq are
p05|t|oned in the same plane) to 90 degrees uFdler é ﬁbcondltions of

I|qU| dl deptdpstratft 200 mm (1. CD) and an inpeller s 88-r ps. Typi cal

A mixing apparatus is disclosed in which a rotating shaft (2) is
vertically installed at the center of the interior of a vertical

cylindrical mixing tank ¢1). Paddle impellers (3, 4) are attached at
- multiple stages, upper and lower, on said rotating shaft. The paddle
impeller (3) at the lowermost stage is disposed close to the bottom
surface of said mixing tank (1). Each paddle impeller (4) positioned at
the upper stage is arranged at crossing angle of less than 90 degrees
10 ahead of said paddle impetler at an adjacent Lower stage.
G/mr.
15
20
+~ 28
30
35
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exanpl es of the fluid velocity distribution and m xi ng process obtai ned

fromthe nunerical calculation are shown in.Fig. 7.

velocity vectors ina =
F1G. I{a)

o

This Sheet Has Bee

e

13 Fig. 7 shows the
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verti gal
contours
Fig.7(a)
Ccrossing
Ccrossing

di-schz.arged flow fromthe upper al‘F‘I cT/\eG)z.ad(?(a)()l | er

n~

sectioon of a mxing tank, by its right half and concentration

Jd-ndi cating-the progress of m xi ng of a diffusion material.

shows the velocity véctors and thé concentration . ‘
angl e a of 45 degrees, and Fig. 7(b) shows the s anHﬂg'HAS EN
angle a of 0 degree. Wien the crossing angle a is| 0 defEBBACED
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meet each.other between the inpellers, and this flow phenomena disturbs the
snoot h conveyance of the |iquid between the upper and |lower parts in the
m xi ng tank. ‘On the other hand, when the crossing angle a is 45 degrees,

the liquid conveyance is snoothly erth FdGom e uppeg-part to the | ower
e Fiq=«(a).

part of the nixing tank as shown in di f f eTHIZ SHEET 1A BEEN
m xi ng process -~ REPLACED
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corresponding thereto is as follows. \Wen the crossing angle ais 0 degree,
thé diffusion material is not conveyed to the |ower-stage inpeller region

after the | apse of 30 seconds ‘after charging -the diffusion material:But R

when the crossing angle is 45 degrees, the diffusion material reaches the
bottomregion of the tank in a period of 30 seconds after f{f.%HE@TWAg BEEN

F | G 5(0) | REPLACED
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-. 14 - diffusion material. That is, |inkage of the discharge flows caused
by the upper..and. | ower-stage |npellers and the mxing of the fluid in the

tank are pronDted faster in the case of the blades" arranged at the crossing - -

angl e of 45 degrees that in the case of the upper and Iovg;

HIS SHEET HAS BEEN
: - FI1G. ea)

REPLACED

Has Been Reﬁaced

\\ll\l\\ A,



paddl e inpellers arranged in the same plane. As the results of
investigations of various crossing angles a nmade by using this nethod, the
opti mum'crossing angle a exists ranging from 30 degrees to less than 90
degrees, and preferably from 45 degrees up to 75 degrees) ﬁzﬁlﬁdsmﬁfer HAS BE

above-described inference is confirmed to be applicable.| SubsREPEAEY . Fg

for the purpose of grasping .
- F1G. 7(a)
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t.he,opti numrange of the inpeller clearance between the upper and

| ovver-stage i npel l ers, numerical calculation of the flow was conducted with
the crossing angle of 45 degrees. Also, the inpeller:cl earance L was
changed within the range of from 10%to 30% of the inside ¢izm

m xi ng tank. The conditi f e n cal cul ati on
those described above. T vgl @(m tion doF®Onk
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nunerical calculationis showmn in Fig. 8. Fig. 8 shows the velocity vectors
in“tHe right half of a vertical section of the mxing tank. In
REPLACEMENT SHEET - 15-
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Fi.g: 8,4Fi g. 8(a) shows an exanple of the inpeller clearance L set at 0.1D
(109, Fig.8(b) shows an exanpl e of the inpeller clearance L set to 0.2D

20%, and Fig.8 mete of the inpell I SEE eS|
(23D (300 -'?-he(?aiﬁbé“ﬁlfﬁhaié Tate of 11 o iﬁ{octﬁgf’%éw BE@HF—ET

0. 3D (30%.

|npeller

region tola f1 &k CH@J di scharged by the uppeerﬂgtgdz ’.'
decreases with increasing the clearance & fromo0. 1Dt gss

IITLE OF THE INVENTION

MIXING APPARATUS
BACKGROUND OF THE INVENTION

1. Field of the Invention

_The'present invention relates to a mixing
apparatus and, more particularly, to a mixing apparatus

for efficiently performing such mixing operations as the

mixing, dissolution, crystallization, reaction, and

slurry suspension.

2 Description of the Prior Art

Various types of impellers have been used in
mixing tanks for various applications. When it is
required to handle liquid in such a wide wviscosity range
that thé flow in the tank can change from the turbulent
to the laminar, there have often been used multiple
stage impellérs of two-bladed flat paddle type. In most
cases of this type of multiple impellérs, two impellers
adjacent to each other on the mixing shaft are set
crosswise, at a right angle to each other, because this
arrangement is the most stable from the viewpoints of
rotational balance and shaft-bending moment caused from

fluctuating hydrodynamic forces acting on the impeller

-.blades. This type of mutiple impellers usually have a

comparatively wide axial clearance between two impellers

e
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in Fig. 8 \Wen the

e L equals 0.3p, -the—ow=diseharged
by t hé upper paddl

mPGSHEEW HAS BEEM4d backward by |k REPHAGEMENTSHEEW
the | ower paddle i ehEpEAggukmnn flows into th Iomer add| e |npe | er
region. In the nmeanbis at—+tre—TPeT | er cl ear ance [ILO@e: ﬁk@
di scharge flow fromthe upper paddle inpeller flows 1
i npeller region, and this neans the Iinkébe of the flow

adjacent to each other on the shaft in order to decrease
the number of impellers required and the total power
consumed by all the impellers in the tank.

1n the meantime the mixing apparatus has been
recently demanded to have more efficient and diversified
performances so as to apply to the operation for a wide
range of mixing conditions. |

Particularly in a batch process, the mixing
apparatus is demanded to meet the followiﬁg diversified
purpose and high performances.

(1) Uniform mixing; Complete mixing of liquids
can be attained under a wide range of viscosity. And
complete and uniform mixing can be attained under the
conditions of low to high liquid level in a tank with
various f£luid viscosity.

(2) Heat-—transfer performance; High heat-
transfer capacity with low power consumption is
obtainable.

(3) Solid-liquid mixing; Various types of
solid-liquid mixing such as dispersion of particles with
large density difference between particle and fluid,
uniform mixing of high-concentration slurry, uniform

mixing with a low shear rate and so on can be attained.

heet Has Been Reiaced
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Agcordingly, high-efficiency mxing based on the |igkage ot=the—ow

bet ween upper regions in the m TRgPUHMEWEﬂhSHEEEtIalned
by setting thg THGSHEET HASeBEEMte L |1 ess than 0. 2D} and ei: sefl to
0.1D. Furthernore, REPWMEEDor m high-efficiency mixi ﬂﬁé@ug ------- nthIstage
I npel ler stru ' charge force bal ance e—upper and

| ower - stage |npeller is inportant. In th¥s. exam nati on,
(4) Liquid-liquid dispersion; Sharp liquid-

- drop diameter distribution is obtainable. 1In addition
it is possible to attain uniform liquid-liquid
dispérsion consistent with the low shear rate and to
attain homogeheous light-liquid dispersion whose
viscosity is increased by reactions.
| The present inventors investigated using
conventional mixing apparatus equipped with a multistage
impellers system whether they could satisfy the
aforementioned demands. The results of the
invenstigations showed that it is not so difficult to
choose a mixing apparatus capable of satisfying each of
the above-described conditions. However, it is very
difficult to select specifications capable of
simultaneously-satisfying many items of the
aforementioned conditions, since these prior—art.mixing
apparatus have the following problems. Accordingly, the
use of a mixing apparatus newly improved or developed
will become ﬁecessary in order to meet the
aforementioned demands.

1n a mixing apparatus equipped with two-bladed
paddle impellers on a shaft at the crossing angle of 90
degrees apart from each other, which is described in

prior art as a conventional type, the streamlines formed

Sheet Has Been Replaced
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16. - imvestigations on the discharge force bal ance ver e made in Ian1nar and

turbulent flow r g : etreat ed paddl e i ngE=er=s&tt e
| ower nost - st age ifn or hBEEN$e di scharge flomllnRERéACEMENTﬁﬁEEWo
the m xing tank. <
g pate . 2.1.FEB 1997
4

by the discharged flow from each impeller do not
sufficently link'under the adequate pressure gradient
between each impeller region. Therefore the segregation
of the fluid in the tank occur in the region between
upper and lower impeller, and a stagnant point (dead
space) of the fluid occurs in the tank, and these
phenomena reduce the efficencies of mixing performances.
The formation of the dead space not only reduces the
heat-transfer performance of the fluid but burn and
stick and contamination are liable to be caused én the
inner wall surface of the tank, and therefore they
reduce the mixing efficiencies.

When a mixing apparatus with flat—blade
impeller such as paddle impeller is used, number of
circulating flows are generated in the tank by the
rotation of the impeller. This phenomena becomes more
typical when a clearance L between upper and lower
impellers is kept with large as shown in Fig. 6(5). in
such a case, since the boundary B is generated by the
interference of the circulating flows, mixing between
the upper and lower circulating flows- are suppressed.

On the contrary, the reduction of the clearance L
between the impellers bg moving them is considered so as

to disappear the interference phenomena between

This Sheet Has Been Reﬂ]aced




i nprovenent for this apparatus |leads to both the applicability in the wider

vlsc05|ty range and_Lhe_LneFease—ﬁj power efficiency.

ni xi ng appar at us (MHIG SHEETHASBEENAr type, the nuneri éﬁ%ﬁiﬂwm

| am nar fl ow was pade tﬁlEPthEﬂ)nventlonal strai ght pad IDe | npedl ¢ qa@
Ry} A

retreated inpell ers=mmOrder {0 exam ne the velocity &9 hut 10n

di scharge flowin radial direction at around, and a result of tne anarysis
is shown in Fig. 9.

he

circulating flows. In this case, however, it is
necessary to increase the height of either impeller as
the same height of reduction (h', shown in the figure)
in the impeller clearance L, and this cause the
increment of the power consumption. Also, in the case
of increasing the impeller height, the discharged flow
is divided at the center of the impeller and two
circulating ‘flows generate, and the boundary B!
attributed to the interference of the ciréulating flow
generates as the same boundary in_thé case of impellefs
attached with a wide clearance described above. These
phenomena disturb the linkage of the fluid in the tank.
However, optimum crossing angle and the
clearance between each impeller from the viewpoint of an
overall flow pattern in the tank have not been.examiﬁed
theoregically and quaﬂtitatively so that it makes
difficult to select the specifications for satisfying

the above-described demands.

SUMMARY OF THE INVENTION

The present invention has been accomplished in
order to solve the problems mentioned above.. And its
objects is to make one large circulating flow-under the

adequafe pressure gradient between the multiple stage

This Sheet Has Been Repl.




direction around the retreated inpeller, while (b).sho

of the di SCharg~Tm“OSHEET ﬁﬁ@@th' rection around a con ent oA
S Hip

paddl e i npel | er 9, when a retreated [ﬂjﬁgtfa # .
t here appears ne=backwar nm,q of liquid at the rearC&ase N el lier

. tip which is often likely to occur in caSe of

i

Fig. 9.(a) shows the velocity distribution of the disc‘dng- flow in radial
REf -

~ paddle impellers by arranging the paddle impellers to
the optimum positions. Therefore mixing efficiency
inéreases by linking up the each circulating flow in the
nixing tank under all mixing conditions £from turbulent
to transition flow and further to the laminar flow.

In order to accomplish the above-mentioned
objects, the constitution of mixing apparatus for the
present invention is as follows.

The mixing apparatus defined in claim 1 has a
‘rotating shaft vertically mounted at the center inside
a vertical cylindrical mixing tank. Paddle iﬁpellers
are vertically aligned on this rotating shaft. Also the
lowermost paddle impeller is arranged closer to the
bottom surface of the mixing tank and paddle impellers
‘attached at upper stages are arranged at a crossing
angle of less than 90 degrees in the direction of
rotation between adjacent stages.

| 1n a mixing apparatus defined in claim 2, the
above—-mentioned crossing angle is set at 45-75 degrees.

In a mixing apparatus defined in claim 3, the
peripheral part of the lowermost paddle impeller is made

of retreated impeller.

is Sheet Has Been Reilaced
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a,.strai.ght paddle inpeller,

range “of angles in . lal_direction. Also, the
17 - | THIS SHEET HAS BEEN

and the liquid is discharged throughout a w de

REPLACEMENT SHEET |

21FE81997

REPLACED

1n a mixing apparatus defined in claim 4, the
lowermost paddle impeller is provided with a larger span
than other paddle impellers attached at upper stages.

1n a mixing apparatus'defined'in claim 5, the

_ clearance between the upper and lower impeller is set to

less than 20 percent of the inside diameter of the
mixing tank.

in a mixing apparatus defined in claim 6, the
upper and lower adjacent paddle impellers are vertically
overlapped at least at the outer edge part thereof.

Radial flow is generated by the rotation of
the mixing impeller in the mixing tank. In the mixing
apparatus equlpped with the paddle impellers arranged
vertically at multiple stages, the fluld is discharged
by each paddle impeller, and therefore, to smoothly link
up the number.oE circulating flow without interference
between them are important to obtain a bigher mixing
efficiency.

When the fluid in the tank is agitated by the
paddle impeller vertically arranged at multiple stages,
a discharge flow in the radial direction are formed and
at thé same time radial flow generatéd by the rotating
impeller flows into upper and lowér regions of the

impeller and they again return to the center section of

This Sheet Has Been Replace
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maxi mum di scharge flow velocity is 30%greater than that of the straight

ﬁaddle i npel I er when the inpeller diameters are the
since the yelocity.of the—dhscharge flow for t

depends on the o THKﬁSHﬁﬂhHASQEEﬂlnpeller span) ther
force in the | ower paREPRACEDe m ¥ing tank can be i
| ar ge- span paddl mpetter—ar tne |omerant st age t han

hand,

RERIAGEMENT SHEEY
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the impeller as shown in Fig.6(a). The discharge flows
thus formed by these impellers interfere with that
caused by the other adjacent impeller, and the
segregation occurs between the circulating flows by the
interference of the discharged flows, and also the
discharge flow influence to the radial flow f£rom another
impeller. The phenomena mentioned above become to
disturb the linkage of the flow of the whole fluid in
the mixing tank.

Eurthermbre, when the impeilérs aré mounted at
a crossing angle of 90 degrees which is well known as a
conventiénal type, the ﬁixing apparatus can rotate with
good balance, énd with mechanically stable condition.
Within some viScosity range, however, it will become
difficult to smoothly link the flows between fhe upper
and lower impellers, and therefore the linkage of thé
flow of the entire fluid in the mixing tank will be
disturbed.

First, the inventors made particular

investigationé with respect to a relation between the

behavior of a.circplating flow formed by each impeller
and a crossing angle by using a impeller arrangement
with close clearance in which discharge flows are easy

to link between upper and lower-stage impellers. The

niiii“l‘iiitﬂi'ﬂ“nﬁ“““




other paddl e inpeller positioned at the upper stage.
range of over the (AN , mxing could
the interior of tHelHp® se of nultistag QEMWEEHEEE
mounted both at tHe croBE err] of 45 degr

clearance L of 0.1D determ ned according to the abo 3cr-1beé£m E%

conditions. In the transition regi on wher® the fl ow changeS TTonm
flow to turbulent flow,

result showed that these circulating flows are affecting

In the | am nar fl ow

the other impeller at a certain phase of rotational
delay from the blade, and that the formation of the
circulating flow in the tank is greatly influenced by a
correlation between the phase of rotational delay and

crossing angle.

That is,‘it was found that, with the change of
the crossing angles of the upper and lower paddle
impellers, the vertical arrangement of the pressure
rising produced at the-front face of these paddle
impellers and the pressure dropping produced at the rear
face vary in accordance with the change of the crossing
angles, and that the most stabilized linkage of the
discharged flow from the upper and lower paddle
impellers océures when the crossing angle is selected
within a certain range. -

From a further detailed investigation of this
relationship between the circulating flows and the
crossing angle of impellers , the inventors have reached
the conclusion that the formation 6f circulating flow is
difficult to forﬁ in the whole mixing tank by thé
interference of the discharge flows when discharge flows
formed by one paddle impeller have flowed towards the

high-pressure side at the front face of the other paddle

Thls Sheet Has Been R
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howevey., the |inkage of flows between the upper and | oy
becones unstabilized, and segregation occurs. Therefor§
of mxing tine. As a result of investigations nmade for
~above-nentioned problem the flows of fluid

10

impeller. On the contrary, when the discharge flows
flow to the loé-pressure side at the rear face of the
other paddle impeller, a selective flow flowing from the
high-pressure side towards the low pressure side betwéen
the upper and lower-stage impeller will be formed
without disturbing'an adjacent discharge flow, and the
flows of the liquid being discharged from these
impellers will be able to be properly linked.

Therefore, the linkage of a flow pattern in the tank is
attained by the optimum pressure graaiént, and this
result leads to enhancing the mixing efficiency of the
fluid.

Also, the inventors have reached the
conclusion that the optimum flow pattern for mixing
based on the pressure gradient could be obtained by
advancing the phase of the upper paddlé impeller less
than 90 degrees ahead of the lower paddle impeller.

. In order to confirm this conclusion the
inventors selected paddle impellers vertically arranged
at cross angles as a model apparatus, and made numerical
simulation éﬁd.miking experiments were conducted by
using the model mixing apparatus. The effect of such
three factors and the nixing characteristic are

described in (1), (2) and (3), (1) the crossing angle «



18 discharged fromthese paddie inpellers allowed to direct into the
rotati'onal zone of the adj acent paddl e inpellers can be ed well by

overl apping at |east the outer edge part of the vertic hEP /N -
inmpellers in the vertical direction, thereby enabling | g ENF@WEET

patterns caused by the optimm pressure gradi ént and
efficiency in mxing 11

------------------

of the upper and lower-stage (an advanced angle, in the
direction of rotation, of the upper—-stage impeller from
the reference angle of the lower-stage impeller), (2) a
clearance L between the upper and lower—étage impeller,
and (3) the discharge force balance between the upper
and lower—-stage impellers.

The numerical simulation performed consists of
numerical analysis of flow and mixing simulation using a
result of the flow analysis. First, three-dimensional
fluid velocity distfibution within tbe'mixing tank was
simulated and also time change of concentration
distribution of a diffusion material which is thrown
from the liquid surface is simulated by using the result
of flow compuéation. This numerical simulation was
applied to a laminar flow condition since the numerical
analysis of a fluid haQe a good .reliability only in this
region.

On the other hand, the mixing experiment was
conducted.by using large and small mixing tanks, one has
400 mm in inside diameter, 800 mm in height, 80¢t in
capacity, and the other has 200 mm in inside diameter,
400 mm in height, and 10¢t in capacity. The measurement
of a mixing time was conducted by using a decoloring

method for removing the color of iodine solution through



a fluidin atransition flow zone and to a lamnar flow zone. For the
pur pose of conflrn1ng the ef fect t hereof, strip-type fi are attached in

the |l ower end p pu h—gut-er—si des of the upper pa
projecting down E &H&ﬁiﬁ e | ower paddl e inpell

this i npeller sfruct REPLAGERI ng of a liquid was perfor i
viscosity of less 12 8 foreestinns .

reduction with sodium thiosulfate. A viscosity of an
iodine solution and a sodium thiosulfate solﬁtion are
adjustgd to the same viscosity as a liquid to be mixed,
and the mixing time was determined by referring to a
photographic strip of a decoloring process.

First, (1) the effect of a difference in the
crossing angle @ between the upper-stage and the lower-
stage impelleré on the flow and mixing process in the
mixing tank was evaluated by using the numerical
calculation. ln this numerical calcuia%ion, 120
mn(0.6D)~diameter paddle impellers are-vertically
arranged at two stages, with a clearance L of 20 mm
(0.1D) in the 200 mm~inside diameter D mixing tank. The
viscosity ux of a liquid in the tank is 5Pa-s, the
density p of 1400 kg/m* and the mixing Reynolds number
Re of 8.4, Numerical calculations were conducted by
changing the crossing angle « of the upper- and lower-
stage impellers from 0 degrees (the upper and lower-
stage impellers are positioned in the same plane) to 90
degrées under common conditions of liquid depth H of 200
mm (1.0D) and an impeller speed of 2.08 rps. Typical
examples of the fluid velocity distribution and mixing
process obtained from ther numerical calculation are

shown in Fig. 7.
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than [err] under the above-described conditions. The result shows that the
rapid mixing is attained stabilized mixing with flows of |iquid caused by
t he upper and | ower paddle inpellers by the effect of '

it was confirnmed that the provision of the fins in th
both outer sides of the upper paddle 13

Fig. 7 shows the velocity vectors in a
vertical section of a mixing tank, by its right half and
concentration contours indicating the progress of mixing
of a diffusion material. Fig.7(a) shows tﬁe velocity
vectors and the concentration contours at the crossing

angle « of 45 degrees, and Fig.7(b) shows the same at

the crossing angle « of 0 degrée.

When the crossing angle ¢ is 0 degree,
discharged flow from the upper and lower paddle impelier
meet each other between the impellers, and this flow
phenomena disturbs the smooth conveyance of the liquid
between the upper and lower parts in the mixing tank.

On the other hand, when the crossing angle « is 45
degrees, the liquid conveyance is smoothly promoted from
the upper part to the lower part of the mixihg tank as
shown in the Fig.7(a):

A differencg in the mixing process
corresponding thereto is as follows. When the crossing
angle « is 0 degree, the diffusion material is not
conveyed to the lower-stage impeller region after the
lapse of 30 seconds after charging the diffusion
material. But when the crossing angle is 45 degrees,
the diffusion material reaches the bottom region of the

tank in a period of 30 seconds after charging the



i npel | gr enabl es not only uniform satisfactory nixi ng =19 - _both the
t'ransient flow ELEL.LD.Q_L_LLL.bJ.IJ_&D.L_f | ow region but bett e REFLACEMENT s
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diffusion material. That is, linkage of the discharged
flows caused by the upper and lower-stage impellers and
the mixing of the fluid in the tank are promoted.faster
in the case of the blades arranged at the crossing anglé
of 45 dégrees that in the case of the upper and lower
paddle impellers arranged in the same plane. As the
results of investigations of various crossing angles «
made by using this method, the optimum crossing angle «
exists ranging from 30 degrees up to less than 90
degrees, and preferably from 45 degrees up to 75
degrees, and the above-described inference is confirmed
to be applicable.

Subseqguently, (2) for the purpose of grasping
the optimum range of the impeller clearance between the
upper and loyer—stage impellers, numerical calculation
of the flow were conducted with the crossing angle of 45
degrees. Also, the impeller clearance L was changed
within the range of from 10% to 30% of the inside
diameter D of the mixing tank. The conditions of the
numerical calculation were ;he.same as thdsé described
above. The velocity distribution obtained by the
numerical calculation is shown in Fig. 8.

Fig. 8 shows the velocity wvectors in the right

half of a vertical section of the mixing tank. In

unm\ i \|ﬂii‘\° ]



The mxing apparatus according to the present invention has been
acconpl i shed on the basis of various conditions dete by _the

above-described surveys. That is, rapid mxing is re Ingpuhggﬂnggﬁtéfc
caused by the up r%ﬂk Eﬁﬁ e inpellers |inkedffby vertjgcally nounting
a plurality of J P Ut t ésv

mul tiple stages afftmidg Jat iing
shaft. Each pad nﬁg s attachedlgt an upper

n.-

Fig.8, Fig.8(a) shows an example of the impeller
clearance L set at 0.1D (10%), Fig.8(b) shows an example
of the impeller clearance L set to 0.2D (20%), and
FPig.8(c) sﬁows an example of the impeller clearaﬁce L
set to 0.3D (30%). The ratio of the flow rate of flows
into the lower paddle impeller region to a flow being
discharged by the upper paddle impeller decrease with
increasing the clearance L from 0.1D to 0.3D, as shown
in Fig. 8. When the impeller clearance L.equals 0.3D,
the flow discharged by the upper padalé impeller is
pushed backward by the discharge flow of the lower
paddle impeller LP without flows into the lower paddle
impeller region. 1n the meantime, at the impeller
clearance I. of less than 0.2D, the discharged flow from
the upper paddle impeller flows into the lower paddle
impeller region, and this means the linkage of the flow.
Accordingly, high—efficiency mixing based on the linkage
of the flows between upper and lower impeller regions in
the mixing tank can be attained by setting the impeller
clearance L less than 0.2D, and preferably set to 0.1D.
Furthermore, to pérform high—efficiency mixiné
by use of a multistage impeller structure, (3) the
discharge force balance between the upper and lower-

stage impeller is important. In this examination,

-
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advanced in the di r ¢JHISRHEET H aﬁﬁ%‘n with the crossing angle of under 90
degrees in relationjto a L1y _aflj acent | ower
Furthernore, nore rapid and reliable mxing can be
t he discharged flows fromthe upper and | ower-stag

crossing angle set to 45 to 75 degrees. Egrthernnr
t he

J_Pcnr\l | QL
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investigations on the discharge force balance were made

in the laminar and turbulent flow ranges by using a
retreated paddle impeller setting at the lowermost stage
in order to increase a discharge flow in the lower part
of the mixing tank. This improvement for this apparatus
leads to both the applicability in the wider viscosity
range and increase the power efficiency. 1n the case of
mixing apparatus with three-impeller type, the numerical
calculation of tﬁe laminar flow were made'using
conventional straight paddle impeller and retreated
impeller in order to examine the velocity distribution
of the discharge flow in the radial direction at around
and a result of the analysis is shown in Fig. 9.

Fig. 9 (a) shows velocity distribution of the
discharged flow in the radial difection around the
retreated impeller, while (b) shows the distribution of
the discharge flow in the radial direction around the
conventional straight paddle impeller.

As shown in Fig. 9, when the retreated
impeller is used, there appears no backward flow S of
liquid at the rear face of the impeller tip which is
often likely to occur in the case of the straight paddle
impeller, and the liquid is discharged throughout a wide

'range of angle in the tangential direction. Also, the
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| gwer mpst paddle inpeller is retreated to increase the discharge flowin

the lower part of the mxing tank. By using the retregted-dnpeller, the
| i nkage of flow pRGL le liquid in the MiXRERLAGEN
i mproved, and thej §$EE iggg?dm? applicability of 21 r
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maximum discharge flow velocity is 30% greater than that
of the straight paddle impeller when thew impeller
diameters are the same.

On the other hand, since the velocity of the
discharge flow for the paddle impeller depends on the
outside diameter (iﬁpeller span) thereof, the discharge
force in the lower part of the mixing tank can be
increased by using a large-span paddle impeller at the
lowermost stage than the other paddle impéller
positioned at the upper stage.

1n the laminar flow range of over the
viscosity of 2Pa-s, mixing could be done well throughout
the interior of the mixing tank by the use of multistage
paddle impellers mounted both at the crossing angle « of
45 degrees and at the blade clearance L of 0.1D
determined according to the above-described optimum
conditions. In the transition region where the flow

' cﬁanges from the laminar flow to the turbulent flow,
however, the linkage of flows between the upper and
lower—-stage impellers become unstabilized and the.
segregation oécured. Therefore these cause delay of
mixing time. |

As a result of investigations made for solving

the above-mentioned problem, the flows of fluid

This Sheet Has Been Reﬂlaced




-,.20 -,.the apparatus to various viscosities and power efficiency.
Furthernmore, a greater discharge force in the lower part of the mixing tank
is attained by increasing the span of the | owernost e
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than the other paddle inpellers |located in the uppeq @Eﬂﬁ‘?ﬁ!ﬁﬂr?ﬁﬁgﬁ
the stabilized |inkage of flow patterns ‘IFEBw
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discharged from these paddle impellers allowed to direct
into the rotational zone of the adjacent paddle
impellers can be linked well by overlapping at least the
outer edge part of the vertically adjacent paddle
impellers in the vertical direction, thereby enabling
linkage of flow patterns caused by the optimum pressure
gradient and improvements in mixing efficiency in mixing
a fluid in a transition flow zone and to a laminar flow
zone.

_For the purpose of confirming the effect
thereof, strip-type fins are attached in the lower end
part on both outer sides of the upper paddle impellers,
projecting downward to overlap the lower paddle
impellérs, and by using this impeller structure, mixing
of a liquid was performed with the viscosity'of less
than 2Pa-s under the above-described conditions.

The result shows that the rapid mixing is
attained stabilized mixing with flon of liquid caused
by the upper and lower paddle impellers by the effect of
the fins installed .in the lower end part on both outer
sides of the upper paddle impeller. Also it wés
confirmed that the provision of the f£ins in the lower
end part on both outer sides of the upper paddle

impeller enables not only uniform satisfactory mixing in
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both the transient flow and the turbulent flow region
but better mixing in the laminar flow zone as compared
with mixing -apparatus without fins.

The mixing apparatus according to the pfesent

invention has been -accomplished on the basis of various

conditions determined by the above-described surveys.

That is, rapid mixing is realized with the flows
caused by tﬁe upper and lower-stage impellers linked by
vertically mounting a plurality of paddle.impellers at
multiple stages attached to a rotating shaft. Each
paddle impeller is attached at an upper stage and
advanced in the direction of rotation with the crossing
angle of under 90 degrees in relation to a vertically
adjacent lower paddle impeller;

Furthermore, more rapid and reliable mixing

can be assured by linking of the discharged flows from

“the upper énd lower-stage impellers with the crossing

angle set to 45 to 75 degrees.

Furthermore, the outer edge part of the
lowermost paddle impeller is retreated to increase the
discharge flow in the lower part of the mixing tank. By
using the retreated impeller, the linkage of flow
patterns of the whole liquid in the mixing tank are

improved, and these effects lead the applicability of

—_—

——
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the apparatus to various viscosities and power
efficiency.

Furthermore, a greater discharge force in the
lower part of the mixing tank is attained by increasing
the span of the lowermost paddle impeller larger than
the other paddle impeller located in the upper stage,
and this leads the stabilized linkage of flow patterns
of the entire fluid in the turbulent flow region in the
mixing.tank.

Furthermore the impeller clearance between the
adjacent upper and lower paddle blades was set at less
than 20% of the inside diameter of the mixing tank,
thereby more difficult mixing based on stabilized
linkage of fldws caused by the upper and lower~stagé
impeller are attained.

Furthermore, reliable and stabilized linkage
of flows of fluid in the transition region caused by the -
upper and lower-stage impellers are attained by
overlapping the upper and lower adjacent paddle
impellers at least in the vertical direction at the
outer edge part, thereby good, and ﬁniform mixing of the

fluid in the transition region is attained.

BR1EF DESCRIPTION OF THE DRAWINGS

i



- :21 - *The present |nvent|on will becone nore fully u
detail ed descriptio

are given by way of Tﬁiw§ﬂ§%ﬁ HAR BﬁENy, and thus are nd
i nvention, pher eiREPLACED

pr esent

frer-etn w and t he acconp.

21

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustrztion only, and thus are not
limitative of the present invention and wherein:

Fig. 1 shows a mixing apparatus of a first
embodiment according to the present invention, in which
(a) is a partially cutaway view in perspective of the
mixing apparatus and (b) is a sectional view taken along
line B-B of (a);

Fig. 2 shows velocity vectors of flows and
concentration response curves in the mixing tank of the
embodiment;

Fig. 3 is a partially cutaway view in
perspective of a mixing apparatus of another embodiment
according to the present invention;

Fig. 4 is a view explaining the overlap form
of impellers according to the present invention; -

Fig. 5 shows a mixing apparatus of further
another embodiment, in which (a) is a front sectional
view and (b) is a cross sectional view taken along line
B-B of (a);

Fig. 6 is -a typical view for explaining a

relation between an impeller clearance and a circulation

This Sheet Has Bee
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Fi-g.
pr esent

lsshows a mxing a first embodi ment accordlng to the

i nvention, [Fryeveiett (AS BEENR| partial Iy cut aj
of the m xi ng appafat us

is alsectional vie

(a) Fig. 2 shows vdlockiy—weetors—of fl ows and concvntratl

curves in the m xing tank of the first enbodi nent
cutaway view in perspective of a mxing apparatus o

according to the

flow in the mixing apparatus with vertically arranged
mgltistage paddle impellers;

Fig. 7 shows the velocity vectors in the
mixing apparatus in relation with a crossing angle

according to the present invention, and also shows

-concentration contours expressing the progress of

reduction decolération;

Fig. 8 shows the Qelocity veétors in the
mixing apparatus in relation with the impéller clearance
according to the present invention; and

Fig.9 shows velocity distribution of the
discharge flow in the radial direction around retreated

impeller, and also shows around a straight paddle

impellers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter preferred embodiments of mixing
apparatus according to the present invention will be
explained with reference to the accompanying drawings.

Fig. 1 shows a preferred embodiment of a
mixing apparatus according'to the present invention, in
which (a) is a partially cutaway pefspective view, and
(b) is a cross sectional view taken along line B-B of

(a).

heet Has Been Reﬁaced
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pr.esent invention
according to the pres Fig. 5 shows a m=xl-ng._apparatus of a
further enbodi ment, in weya front secti onpREpLA O

cross .-sectional view taken & i/ne B-B of (a) Fijg. 6 iéégg TE#@EF
for explaining the relation bet the inpeller cl egétap_ge nﬁ¥ 897
circul ation P S

1n Fig. 1, a numeral 1 denotes a mixing
apparatus of glass-lined type. This mixing apparatus 1
is made of a vertical cyiindrical tank fitted with a
jacket la for heat exchange around the outside wall.

Two baffles 6 are vertically inserted from the top of
the tank at aﬂ equal pitch in close by the inside wall
of this mixiﬁg tank. Baffles are not necessarily
reéuired for mixing of high viscous liéuids.

A numeral 2 refers to a rotatiné shaft. The
rotating shaft 2 is vertically installed at the center
of mixing tank 1 and is driven to rotate by a2 drive unit
5 mounted at the center on the top of the mixing tank 1
in the direction indicated by the arrow A in view (b).

| A numeral 3 refers to a lower—-stage impeller. This
lower—stage impeller 3 is a paddle impeller with the
lower edge section formed along the curved surface of
the bottom of the mixing tank 1 ané with both outer side
sections are retreated in the opposite direction of
rotation indicated by the arrow A in view (b). And this
lower stage impeller is mounted on the lower end portion
of the rotating shaft 2, with close to the bottom
surface of the mixing tank 1.

A numeral 4 represents an upper-—stage

impeller. This upper-stage impeller 4 consists of a

This Sheet Has Bee
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in relation with a crossing angle according to the
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paddle impeller having nearly the same impeller diameter
as the lower-stage impeller 3, fitted with strip-shaped
fins 4a projecting out downward at the lower end part on
both outer sides, and mounted on the rotating shaft 2
above the lower-stage impeller 3. This upper-stage
impeller 4 is set at a crossing angle « of 45 degrees
shown in view (b), advanced in the direction of rotation
indicated by the arrow A, in relation to the lower-stage
impeller 3. At the same time, the lower Eip of the fins
4a on both outer sides thereof are located lower than a
specific length ah from the upper tip, being overlapped
in the vertical direction with the lower-stage impeller
3.

In order to confirm the effect of improvement
on the mixing efficiency from medium—~ to high-viscosity
ranges in the mixing apparatus of the above-described
constitution according to the embodiment, numerical
simulations were conducted both to determine the
velocity vector of ligquid and concentration response of
the diffusioﬁ material in the liquid surface and bottom
oé the tank for'the.Reynolds number Re 11l.7 in the
laminar flow conditions. Numerical calculations were
carried out under such common conditions that paddle

impellers measuring 120 mm (0.6D) in impeller diameter d



pr-esent i nventi on,
progress of reduc

oncentration contours expressing the
.IH&SHéEB]BAt NFig. 8 shows the velocity vectors in the
n relREPLAGER t h_tlhe i pel I er cl earan ' '

m Xi ng appar at us
present ‘i nventi on
di scharge flow in

shows around straight paddle inpellers. 25

mFTg. 9 shows the velocity distri bjitREMACEMENT SHEET
radial direction around retreated i npeller
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arranged vertically in two stages were used in the

liquid depth H of 250 mm (1.25D) at the impeller speed

of 2.0

lower—

8 1/s. Also the length of overlap ah with the

stage impeller of the upper-stage impeller fin

section of the apparatus of the present embodiment was

set at 0.05D. A result thereof is shown in Fig. -2.

Fig. 2 shows the velocity vectors and

concentration response curves of fluid in the mixing

tank.

Fig.2(a) shows those of the.mixinglapparatus

according to the present embodiment,'while Fig.2(b)

shows

those of prior-art mixing apparatus as the

comparative example.

Fig.2{

1n the prior-art mixing apparatus, as shown

b}, the flows of liquid caused by the upper- and

lower~stage paddle impeller are linked but some

concentration difference between the liquid surface and

the tank bottom even after about 180 seconds exists, and

this shows the imcomplete mixing. In the mixing

apparatus of the present embodiment shown in Fig.2(a),

however, the flows caused by the upper— and lower-stage

impeller are well linked, and this result becomes more

clear

to see that the concentrations of the ligquid in

surface and the tank bottom after about 90 seconds are

the same, and this shows that the complete mixing is
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attained. Therefore, it has been confirmed that the
mixing apparatus according to the present invention has
an effect to largely reduce the mixing time as muﬁh as
half or more as compared with the pfior—art mixing
apparatus.

According to the mixing apparatus shown in
Fig. 1, two mixing impellers, upper and lower, are
adopted. This is merely one example, and therefore, it
is to be understood that the present is not limited
thereto but three paddle impellers arranged vert}cally as
shown in Fig. 3 may be adopted. And further tﬁe number
of the paddle impellers may be increased more than three
in accordance with the size of the apparatus and the
liguid dépth without departing from the spirit and scope
of the present invention.

Fig. 3 is a perspective view of the mixing
apparatus of another embodiment according to the present
invention partly cut away. In this figure, the same
numbers as those in Fig. 1 are designated by the same
reference numerals, which therefore will not be
described. -

In the mixing apparatus of this embodiment,
upper—-stage impellers 4 fitted with fins 4a in the lower

end portion on both outer sides are vertically mounted

- This Sheet Has Been Re'i
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the tank 1 at an equal pitch in close by the inside fusds= ; '
tank. Baffles are not necessarily required for mxi oHEPLAC@MENN&&EﬂS
liquids. Arotating shaft 2 is vertically installed

At - the Aggéf‘é
mxing tank 1 and is driven to be rotated by a drive gfﬁikgﬁ t he.
center on the top of the mixing tank 1 in the directe “""‘""WM'"y

arrow Ain view (b). A |ower-stage |npeller 3 is a paddle |npeller mnth t he

above the .lower-stage impeller 3 in two stages on the
rotating shaft 2 as the same shown in Fig.l. This
impeller structure, therefore, is a three-stage impeller
structure on the whole. The lower—-stage impeller 3 and
the two upper—stage impellers 4 are arranged 45 degrees
zpart from each other, and these two upper-stage -
impellers 4 are overlappeﬁ at the fin sections 4a in the
vert;cal direction with an adjacent lower impeller.

By using the mixing impeller syétem in the
present embodiment as described abové,‘uniform mixing of
the fluid in the whole tank is assured even if the
liquid depth varies, and also the impeller structure is
easily applicable to larger-size, larger-capacity mixing
apparatus.

" 1n the mixing apparatus shown in Figs. 1 to3
the strip—shaped fins 4a are attached in the lower end
"part on both outer sides of the upper—stage impeller 4,
The fins 4a are overlapped vertically with the other
impeller positioned below to stabilize the linkage of
flow between the upper and lower adjacent paddlé
impellers. 1t should be noted thét this is merely one
example. Therefore, unless departing from the true
spirit and scope of the present invention in which the

upper and lower adjacent paddle impellers are overlapped



| ower edge section formed al ong the curved surface of the bottom of the

m xi ng tank 1, and e sections are T OpDUY
direction of rotati OE i“]\dﬁéiﬁ%fl.ﬁﬂAS)BEENe arrow A in vi vﬁ%‘%‘)’\%%h %éiﬁ
stage inpeller is nounted GEDIower end portion o %‘he rog? ;F%w

and close to the bottom surtace of~tte m xing tank 1 upp

—

i npeller 4 consists of a 28

in the vertical direction at least at the outer edge
paft, it is possible to overlap the upper- and lower-
stage impellers by providing for example strip-shaped
fins on one outer edge part of the lower—~stage impeller
3 and the upper-stage impeller 4 as shown in Fig. 4
(a), or fins projecting in a form of f£ish tail in the
lower end part on both outer aides of the upper-stage
impellers 4 as shown in Fig. 4 (b), or fins projecting
in a form of fish tail in both outer edge'parts of the
lower—-stage impeller 3 and the upper;séage impeller 4 as
shown in Fig. ¢ {(c).

Furthermore, in the mixing apparatus shown in
Figs. 1 to 3, the lowermost impeller is retreated for
the purpose of increasing the discharge force in the
lower part of the mixing tank, and this leads to the
applicability to_various fluid viscosity and increasing
power efficiency. This retreated impeller, however, is
not necessarily required. Since the lowermost paddle
impellefs having a larger span than the other impellers
positioned in the upper stage may be usable for the same
purpose.

Fig. 5 is a view showing a mixing apparatus of

another embodiment of the present invention, in which

- -
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24.paddi e inpeller having nearly the sane inpeller dianeter as the

| oner - stage i npeller 3A fitted Witk ri p-shaped fing Za_prorects
downward at the lo SHEETHASrBEEbTﬁ outer sides, rﬁﬁﬂ‘&ﬂ#’@" B8}
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(a) is a front sectional view and (b) is a cross
sectional view taken on line B-B.

ln Fig. 5, a numeral 11 expresses a mixing
tank. This mixing tank 11 is a vertical cylindrical
tank fitted with a jacket lla for heat exchange on the
outer wall. On the inner peripheral surface of this
mixing tank 11, four baffle places 16 are vertically
installed at én equal pitch-in the.circumferential
direction along the axial direction.

A numeral 12 denotes a rotéting shaft, which
is vertically mounted at the center in the mixing tank
11 and driven.to rotate in the direction indicated by
the arrow A in (b) by the drive unit 15 mounted at the
center on the top of the mixing tank 11.

A nﬁmeral 13 represents a lower—-stage impeller
and a numeral 14 refers to an upper—stage impeller.
These upper— and lower-stage impellers 14 and 13 are
paddle impellers of the same impeller diameter @ and the
same impeller height h, and they are mounted vertically
lined on the rotating shaft with a specific clearance
provided therebetween. The lower edge section-of'the
lower-stage impeller 13 is fo:med along the curvature of
the bottom of. the mixing tank li so that the impeller

may be installed close to the bottom surface of the

is Sheet Has Been Reﬂlaced
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inpeller 4 is set at a grossing.angle a qgf 45 degrees shown in V|em1(b)
advanced in the directlOﬁHEﬁSHﬁ?aHNQBEENClcated by t i on
to the | ower-stage inpe Ier :REPEACEﬂ‘e sarfe time, thell BEPLACEMENT SHEETT|| ns
4a on both outer sides ttereof—are—toeated | ower thaf a speghﬁegﬁﬂgﬁgap
[err] fromthe upper tip, being overlapped in the veltDatal h
the | ower-stage inpeller 3. 30

mixing tank 11. While the upper-stage impeller is set at
the crossing angle « less than 90 degrees ahead of the
lower—-stage impeller in the direction of-rotation by the
arrovw A shown in (b), and at the impeller clearance L from
the lower—-stage impeller 13. The clearance L is set at
20% or less of the inside diameter D of the mixing tank
11.

1n the following, a concrete example of mixing
and agitation by use of the mixing apparaéus of the
present embodiment having the above-described
constitution will be described.

There were prepared three kinds of mixing
apparatus of the above-described constitution of the
crossing angle « of the upper- and lower-stage.impellers
14 and 13 set 45 degrees, 60 degrees and 75 degrees
including the mixing tank 11 of 200 mm in inside
diameter D, and the uppér— and lower—stage_impellers 14
and 13 measuring 120 mm (0.6D) in blade diameter d and
70 mm (0.35D) in impeller height h and mounted with an
impeller clearancé L of 20 mm (0.1D) .. Also a prior-art
mixing appératus which was of the same éonstitution as
the present embodiment excepting the crossing angle « of

90 degrees and impeller clearance L of 60 mm (0.3D) of
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I n. order to confirmthe effect of inprovement on the mXxing efficiency from
medi um to high-viscosity ranges in the m xi ng appar at sazi%%+ﬁF========:q
above-descri bed constitution according to the enbodi ne t,wﬁﬁﬁﬁMENISHEET’
simul ati ons were conducted both to determ ne the vel ocljt I qui

VLo f_Liqui
and concentration response of the diffusion material i %1 ~ ém
and bottom of the tank for the Reynol ds QPnber Re 11.7 in the

the upper~ and lower-stage impellers was prepared for
the comparision.

Comparative investigations were conducted, for
comparison under the same conditions, of the time
required for complete mixing of liquids by mixing and
agitating the liquids whose viscosity ux= 5Pa-s and
density p = 1400 kg/m’ at the impeller speed of 125 rpm.

As a result, according to a comparative '
example, the time required for complete mixing of
liquids was 150 seconds, while that of the present
embodiment was 104 seconds in the case of the impellers
mounted at the crossing angle of 45 degrees, 102 seconds
at the crossing angle of 60 degrees and 114 seconds at
the crossing éngle of 75 degrees. When compared with
the prior—art examples, therefore, the present
embodiment coqid largely improve the liquid mixing and
agitating efficiency by about 25% to 30%, therefore it
shows an excellent mixing effect.

In the present embodiment, the impeller
clearance L between the upper- and lower-stage impellers
was 20 mm. However, this is mérely one example and the
clearance may be set to any length under 20% of the

‘inside diameter D of the mixing tank.



| am nag- fl ow conditions. Nunerical calculations were carrled out under
such common conditions that paddle inpellers nmeasuringf L '
i mpeller diameter d - 25 - arranged vertically in t
in the liquid -
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The increase of the overall impeller height
correspondingly to the liquid depth is necessary to
reduce this clearance as described above in [Description
of the Prior Art]. However,this includes such a problem
as an increase in power consumption. This impeller
clearance, therefore, will be selected less than 20%
(preferably around 10%) of the inside diameter of the
mixing tank from the respect of the size of the
apparatus and economy.

Furthermore, in the present embodiment, the
both the upper- and lower-stage impellers used are
paddle impellers of the same height and diameter. This,
however, is merely one example and the lower-stage
impeller may be retreated as in the case of the first
embodiment, or may be a larger-span impeller than the
upper-stage impeller for the pufpose of smooth and
effective linkage of flows of éhe entire liguid in the
tank by increasing the discharge for in the lower part
of the tank.

According to the present embodiment, the
mixing impeller structure is a vertically arranéed twé—
stage impeller structure. The evaluation and
explanation of the effect of the constitution of the

present invention becomes easy by adopting'this impeller



depth K of 250 mm (1.25D) at the inpeller speed of
I ength of overlap [err] wi I mpel |
inpel ler fin section of th¢ THHSHEEUHASIBREN| presen enbo
0.05D. - A result thereof is}showRERLAGED. 2. Fig.2(a B tva-- the MBIGCIt
vectors and the concentrat i‘orTESPONSE o the mi xi ng apparatus a

the present enbodi nent, while Fig.2(b) g&gms those of a

structure. It is, therefore, to be noted that, for the
purpose of similarly improving the mixing and'agitating
efficiency, a multistage mixing impeller structure using
more than two stages of mixing impeller may be adopted
in accordance with the size of the apparatus and liquid
depth inasmuch as it does not deéart from the true |
spirit and scope of the present invention.

As has been described above, the mixing
apparatus according to the present invention has the
mixing impeller structure that multibl% stages of paddle
'impellers are vertically arranged in the optimum
position for mixing, so that flows caused by appropriate
pressure gradient between the paddle impellers will be
formed and flow patterns are smoothly linked througﬁout
the interior of the mixing tank, thereby largely
improving the £fluid mixing efficiency under mixing
operation conditions ranging from the turbulent flow to
the laminar flow regions.

While only certain embodiments of the present
invention have been described, it will be apparent to
those skilled in the art that various changes and
modifications may be made therein without departing from
the spirit and scope of the present invention as-

claimed.
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m:xi ng:apparatus with the prior-art crossing angle as conparative exanple.

In the m xi ng appar at us crossing angle, as shown in Fig.
2(b), the flows of I|iqui m"ummmm"muuper and | =
inpel l er are linked but sone eoncemtrati an di ffer ende REPLASEMENT SHEETU
surface and the tank bottom even after about 180 segpnds H?FE tfpis
Datet:l6e !, L. R. ...

shows the inconplete mxing. In the nixggg appar at us

WHAT IS CLAIMED 1S:

1. A mixing apparatus in which a rotating shaft
is vertically installed at the center of the interior of
a vertical cylindrical mixing tank; a plurality of
paddle impellers are attached at multiple stages, upper
and lower, on said rotéting shaft; one of said paddle
impellers at the lowermost stage is disposed close to
the bottom surface of said mixing tank; and each paddle
impeller positioned at the upper stage is'arranged at
crossing angle of less than 90 degreés:éhead of said
paddle impeller at an adjacent lower stage.

2. A mixing apparatus as claimed in claim 1, in
which the crossing angle is from 45 through 75 degrees.

3. A mixing apparatus as claimed in claim 1, in
which the outer edge part of a lowermost paddlé_impeller
is retreated. .

4. A mixing apparatus as claimed in claim 1, in
whiéh said lowermost paddle impeller is provided with a
larger span than other paddle impellers positioned in
upper stages.

5. A mixing apparatus as claimed in claims 1, 2,
3 or 4, in'which the impeller clearance of said
vertically adjacent paddle impellers is 20% or less than

the inside diameter of said mixing tank.
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6. A mixing apparatus as claimed in claims 1, 2,
3 or 4, in which said vertically adjacent paddle
impellers are overlapped with each other in the vertical

direction at least at the outer edge part thersof.
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according to the present invention has an effect to | §rBEfPyACEMENESHBET
m xing tinme as nuch as half or nore as conpared with ffhe m xi ng appar at Ug

with the prior-art crossing angle. According to the nijxbag:@hEERL8I].shawn
in Fig. 1, two
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MIXING APPARATUS

Abstract

A mixing apparatus is discloéed in which a rotating shaft (2) is
vertically installed at the center of the interior of a vertical
cylindrical mixing tank (1). Paddle impellers (3, 4) are attached at
multiple stages, upper and lower, on said rotating shaft. The paddle
impeller (3) at the lowermost stage is disposed close to the bottom
surface of said mixing tank (1). Each paddle impeller (4) positioned at
the upper stage 1is arranged at crossing angle of less than 90 degrees
ahead of said paddle impeller at an adjacent lower stage.



nmXxi-ng.i npel ' ers, upper and |lower, are adopted. This is nerely one exanple,
and therefore, it is to be understood that the present i n_is_pot

Fig. 3 may be adopted. And further the nunmber of the padfle i
be increased nore than three in accordance with the sizeffqfad Ne
and the liquid depth. In the m xing appggatus of Fig. 3,

i mpel l ers FIG l

limted thereto but three paddle inpellers arranged vert qﬁ,&mc??

u---.-.-.. ------------------

i1 S




4. fitted with fins 4a in the lower end portion on both o
ver'ti cally nounted 27 above the.|lower-stage inpeller
the rotating shaft 2 as the sanme shown in Fig.l. This

er sides are ..
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i apel | er structure, therefore, is a three-stage inpeller structure on the

whol e. The | ower-stage inpeller 3 and the two upper-sta ?@

arranged 45 degrees apart from each other, and these two
inpel'l'ers 4 are overlapped at the fin sections 4a in the

wi th an adjacent |ower inpeller. By using the mxing ingg

erpﬁc@q:

---gyst.

LACEMENT SHEET

0.

present enbodi ment as described above, ur,gorm m xi ng of

F1G. 3

FIG.4a FIG4b FI1G 4c
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the fluid in the whole tank is assured even if the qu;i=ebm-d@pie=h=v=aa=i=és-‘,-*—=—epd
al so the inpeller structure is easily applicable to | afjJREPLAGEMENT SHEET |

| arger-capacity m xi ng apparatus. In the m xing apparafjus. shgv\hFEtB %s
to 3 the strip-shaped fins 4a are attached in the | owef| et pari...oh-Bot-h
outer sides of the upper-stage inpeller 4. The fins 4a~are-ov iy
vertically with the other 4/8
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i npel | 8r positioned below to stabilize the Iinkage of f
uppeér and | ower adjacent paddle inpellers. It should be
nerely one exanple. Therefore, unless departing fromt
scope of the present invention in which the upper and

I npel l ers are overl apped

F1G. 6a

ow _between the

EAACENT Sheer,
:ng?gé?ggé 8 B97ai

|




- .28,-=in the vertical direction at |east at the outer edge part, it is
posSible to overlap the upper- and | ower- stage inpellers by providing for
exanpl e strip-shaped fins on one outer edge part of the |ower-stage

i npeller 3 and the upper-stage inpeller 4 as shown |H=Fﬁf‘—d=ﬁq=—’“ S
projecting in a formof fish tail in the | REPLACEMENT SHEET
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| et end part on both outer aides of the upper-stag ' 85 ..Shown
in“Fig. 4 (b), or fins projecting in a formof fish
parts of the | ower-stage inpeller 3 and the upper-st
in Fig. 4 (c). Furthernore, in the m xi ng appar at us

the I owernost inpeller is retreated for the purpose of
di scharge force in the :

7/8

F: l (3" EB d : Z:;:f%l?ﬁ

I NI T I
Lovattti b L 2400,
T TOIT T Y Arres..,
e essvs o Ptrns,,.

F1G.8b tox

..................

AT RN K IR T
it 122440,
TR e (o

et

F1G. 8c L=0.3D
: SRR I

........ L) Tl

AR B o Ty

EAARER RN N S LR R
o




| ewer «part of the m xing tank, and this leads to the applicability to
various fluid viscosity and increasing power efficiency. This retreated
i mpel l er, however, is not necessarily required. Since the |owernost paddle

i mpel | ers having a larger span than the other inpellerg.-pasitioned in_the
upper stage nmay be usable for the same purpose. REPLACEMENT SHEET ||
ets -, 2.1 FEB 1997
8/8

Vr m/s

03 05

00l



-29 - In Fig. 5, a mxing tank 11 is a vertical cylindrpe tted

.wWith a jacket Ila for heat exchange on the outer wall. CBEPhﬁCEMEﬁfSHE =
peri pheral surface of this mxing tank 11, four baffleljplaces 16 are ET

vertically installed at an equal pitch in the circunfe e@&ma]‘ﬁl?rﬁﬁglw

al ong the axi al 1 -

MIXING APPARATUS

The invention relates to a mixing apparatus with the
features of the preamble of claim 1, and, more particularly,
to a mixing apparatus for efficiently performing such mixing
operations as the mixing, dissolution, crystallization,

reaction, and slurry suspension.

Various types of impellers are known and have been used
in mixing tanks for various applications. When it is
required to handle liquid in such a wide viscosity fange that
the flow in the tank can change from the turbulent to the
laminar, there have often been used multiple stage impellers
of two-bladed flat paddle type. In most cases of this type
of multiple impellers, two impellers adjacent to each other
on the mixing shaft are set crosswise, at a right angle to
each other, because this arrangement is the most stable from
the viewpoints of rotational balance and shaft-bending moment
caused from fluctuating hydrodynamic forces acting on the
impeller blade (DE-A-33 34 811). This type of multipfe
impellers usually have a comparatively wide axial clearance )

between two impellers



direction. Arotating shaft 12 is vertically nounted at th §E~Er“ i

m xing tank 11 and driven to rotate in the direction indic teg %@cﬁMﬁNBSH@@f
Ain Fig. 5(b) by a drive unit 15 nounted at the center on %Q to f th

m xi ng tank 11. Upper- and |l ower-stage inpellers 14 and 1 pa dgeﬂEC!QQ
I npellers of the sanme inpeller dianmeter d and the sane inpeller :
and they are nounted vertically |ined on

-2 - _
adjacent to each other on the shaft in order to decrease

the number of impellers required and the total power
consumed by all the impellers in the tank.

1n the meantime, the mixing apparatus has been
recently demanded to have more efficient and diversified
pefformances so as to apply to the operation for a wide
range of mixing conditions.

' Particularly, in a batch process, the mixing
apparatus is demanded to meet the following diversified
purpose and high performances.

(1) Uniform mixing; Complete mixing of liquids
can be attained under a wide range of viscosity. And
complete and uniform mixing can be attained under the
conditions of low to high liquid level in a tank with
vérious fluid viscosity.

{2) Beat-transfer performanée; High heat-
transfer capacity with low power consumption is
obtainable.

(3) Solid-liquid mixing; Various types of
solid-liquid mixing such as dispersion of particles with
large density difference between particle and fluid,
uniform mixing of high-concentration slurry, uniform

mixing with a low shear rate and so on can be attained.



the rotating shaft with a specific clearance provide therebetmeen The

| ower edge section of the |ower-stage inpeller 13 is|f

curvature of the bottomof the mixing tank 11 so that BE ' EﬁgﬁhggT

installed close to the bottom surface of the Date ... ‘_2“05[: 1897
-3 -

(4) Liquid-liquid dispersion; Sharp liquid-drop
diameter distribution is obtainable. 1In addition it is
possible to attain uniform liquid-liquid dispersion
consistent with the low shear rate and to attain homogeneous
light-liquid dispefsion whose viscosity is increased by

reactions.

The present inventors investigated whether conventional
mixing apparatus equipped with a multistage impellers system
could satisfy the aforementioned demands. The results of the
investigations showed that it is not so difficult to choose a
mixing apparatus capable of satisfying each of the |
above-described conditions. However, it is very difficult to
select specifications capable of simultaneously satisfying
many items of the aforementioned conditions, since these
prior-art mixing apparatus have the following problems.
Accordingly, the use of a mixing apparatus newly improved or
developed will become necessary in order to meet the

aforementioned demands.

In a mixing apparatus equipped with two-bladed paddle
impellers on a shaft at a crossing angle of 90 degrees apart
from each other, which is described in prior art as a

conventional type, the streamlines formed



~ 30 -

_ m xing tank 11. Wil e the upper-stage inpeller
crossing angle [err] less than 90 degrees ahead of the | gwer-
in the direction of rotation by the arrow A shown in Fig
i npel ler clearance L fromthe | ower-stage inpeller 13. The-cléd
set at 20% or |ess of the inside dianeter, D of the m xing tank 11
fol | ow ng,

i BESE:

| 545)

a concrete exanpl e of mxing and
by the discharged flow from each impeller do not sufficiently

link under the adequate pressure gradient between each
impeller region. Therefore, the segregation of the fluid in
the tank occurs in the region beﬁween the upper and the lower
impeller, and a stagnant point (dead space) of the fluid
occurs in the tank, and these phenomena reduce the
efficiencies of mixing performances. The formation of the
dead space not only reduces the heat-transfer performance of
the fluid but burn and stick and contamination are liable to
be caused on the inner wall surface of the ﬁank, and :

therefore they reduce the mixing efficiencies.

When a mixing apparatus with flat-blade impellers such
as paddle impellers is used, a number of circulating flows
are generated in the tank by the rotation of the impellers.
These phenomena become more typical when a clearance L
between upper and lower impellers is kept as large as shown
in Fig. 6(a). In such a case, since the boundary B is
generated by the interference of the circulating flows,
mixing between the upper and lower circulating flows fs
suppressed. On the contrary, the reduction of the clearance
I, between the impellers by moving them is considered so as to

disappear the interference phenomena between



agitation by use of the m xing apparatus of the present
t he above-described constitution will be described. Thel|eRRRIACEMENESHEET

three kinds of m xi ng apparatus of the above-described ¢onstitu iﬁg he
crossing angle [err] of the upper- and | ower-stage i npelil Bats:24.ka Q. et
45 degrees, 60 degrees and 75 degrees inckuding the m Xi
mmin inside dianeter D, and the upper- and

circulating flows. 1In this case, however, it is necessary to

increase the height of either impeller as the same height of
reduction (h’, shown in the figure) in the impeller clearance
L, and this causes an increment of power consumption. Also,
in the case of increasing the impeller height, the discharged
flow is divided at the center of the impeller, and two
circulating'flows generate, and the boundary B’ attributed to
the interference of the circulating flow generates as the
same boundary in case of impeliers attached with a wide
clearance described above. These phenomena disturb the

linkage of the fluid in the tank.

However, optimum crossing angle and the clearance
between each impeller from the viewpoint of an overall flow
pattern in the tank have not been examined theoretically and
gquantitatively so that it makes difficult to select the

specifications for satisfying the above-described demands.

The invention has been accomplished and has its object
in order to solve the problems mentioned above, and its
particular object is to make in a mixing apparatus a large
circulating flow under the adequate pressure .gradient between

the multiple stége




| ower -stage inpellers 14 and 13 nmeasuring 120 nm (0. 6D) ? de drameter -
and 70 nm (0.35D) in inpeller height h and mounted with Ht Lg%*?EF'SHEET
clearance L of 20 nm (0.1D). Also, a m xi ng appar at us h _was 20f)E
constitution as the present enbodi nent except the prior ﬁ? cross1nq angt-e
[err] of 90 degrees and inpeller clearapqg L of 60 mm (0.3D) of

paddle impellers by arranging the paddle impellers to the
optimum positions, and therefore mixing efficiency increases
by linking up each circulating flow in the mixing tank under
all mixing conditions ffbm turbulent to transitioﬁ flow énd“'.

further to laminar flow.

In order to accomplish the above-mentioned object, the
invention provides a mixing apparatus having the features of
claim 1. Preferred improvements of this apparatus are

subject matter of the dependent subclaims.



31 tHe upper- and | ower-stage inpellers was prepared for_fhe tonparr-sron,
Conparative investigations were conducted, for conparisBﬁPHﬁHﬂVENB§HEEﬁE
conditions, of the tine required for conplete mxing @gf _liqui a9 N
and agitating the liquids whose viscosity [err] = [er 10aBig--- %mw

-7 -

o i

Radial flow is generated by the rotation of the mixing
impeller in the mixing tank. In the mixing apparatus
equipped with the paddie impellers arranged vertically at
multiple stages, the fluid is discharged by each paddle
impeller, and therefore, to smoothly-link up the number of
circulating flows without interference between them is

important to obtain a higher mixing efficiency.

When the fluid in the tank is agitated by the paddle
impellers vertically arranged at multiple stages, a discharge
flow in the radial direction is formed, and at the same time
radial flow generated by the rotating impellers flows into
upper and lower regions of the impeller and again returns to

the center section of




density p = 1400 [err] at the inpeller speed of 125 rpm As a result,
~according to a conparative exanple, the tine requir ng
of liquids was 150 seconds, while that of the presefit RERACEVENT SHEET 14
seconds in the case of the inpellers nmounted at theijcrossing iﬁ e& 5
degrees, 102 seconds at the crossing angle of 60 degqr Pats :and .4 (e H,s at
the crossing angle of 75 degrees. Wen CTofpared w t =

oo et

the impeller as shown in Fig.6(a). The discharge flows thus
formed by these impellers interfere with that caused by the
other adjacent impeller, and segregation occurs between the
circulating flows by the interference of the discharge flo&s,
and also the discharge flows influence the radial flow from
another impeller. The phenomena mentioned above disturb the

linkage of the flow of the whole fluid in the mixing tank.

- Furthermore, when the impellers are mounted at a
crossing angle of 90 degrees which is well known as a
conventional type, the mixing apparatus can rotate with good
balance, and with mechanically stable condition. Within some
viscosity range, however, it will become difficult to
smoothly link the flows between the upper and lower
impellers, and therefore the linkage of the flow of the

entire fluid in the mixing tank will be disturbed.

First, the inventors made particular investigations with
respect to a relation between the behavior of a circulating
flow formed by each impeller and a crossing angle by ﬁéing an
impeller arrangement with close clearance in which discharge
flows are easy to link between upper and lower-stage

impellers. The



the prior-art exanples, therefore, the present enbodi =eaud | ar gely=
i prove the liquid mixing and agitating efficiency by |pBEBLAQBVIEND SBGHT

therefore it shows an excellent mxing effect. In the |present gh@7nt
the inpeller clearance L between the upper- and | ower -[sbPaige. i yei™- WA

20 mm However, this is nerely one exanplg and the cl earamnce may De set
any | ength under 20% of the

result showed that these circulating flows are affecting the
other impellers at a certain phase of rotational delay from
the blade, and that the formation of the circulating flow in
the tank is greétly influenced by a correlation between the

phase of rotational delay and the crossing angle.

That is, it was found that, With the chaﬁge of the
crossing angles of the upper and lower paddle impellers, the
vertical arréngement of the pressure rising produced at the
front face of these paddle impellers and the pressure
dropping produced at the rear face vary in accordance with
the change of the crossing angles, and that the most
stabilized linkage of the discharge flow from the upper and
lower paddle impellers occurs when the crossing angle is

selected within a certain range.

From a further detailed investigation of this
relationship between the circulating flows and the crossing
angle of the impellers, the inventors have reached the
conclusion that the formation of circulating flow is ‘
difficult to form in the whole mixing tank by the
interference of the discharge flows when discharge flows
formed by one paddle impeller have flowed towards ﬁhe

high-pressure side at the front face of the other paddle



i nsi'de diameter D of the nixing tank. 32 The incr
hei ght correspondingly to the liquid depth
this clearance as described above in [Description

inpel | er

e
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reduction with sodium thiosulfate. A viscosity of an

iodine solution and a sodium thiosulfate solution are
adjusted to the same viscosity as a liquid to be mixed,
and the mixing time was determined by referring to a
photographic strip of a decoloring process.

First,'(l) the.éffect oﬁ a difference in the
crossing angle @ between the upper-stage and the lower-
stage  impellers on the flow and mixing process in the
mixing tank was evaluated by using the numérical
calculation. ln this numerical calculation, 120
mm({0.6D)-diameter paddle impeliers.are vertically
arranged at two stages, with a clearance L of 20 mm
(0.1D) in the 200 mm—-inside diameter D mixing taﬁk. The
viscosity 4 of a liquid in the tank is 5Pa-s, the
density p of 1400 kg/m® and the mixing Reynolds number
Re - of 8.4. Numerical calculations were conducted by
changing the crossing angle a of the upper—- and lower-

stage impellers from 0 degrees (the upper and lower-

~ stage impellers are positioned in the same plane) to 90

degfees under common conditions.of liguid depth H of 200
mm (1.0D) and an impeller speed of 2.08 rps. Typical
examples of the £luid velocity distribution and mixing
process obtained f£rom the numerical calculation are

shown in Fig. 7.



of tHe Prior Art]. However,this includes such a problemas an increase I n
power consunption. This inpeller clearance, therefore, |
| ess than 20% (preferably around 10% of the inside dign€
tank fromthe respect of the size of the apparatus and e ono

Furthernore, in the present enbodl ment, the both the u é? and%gggrm e
I npel l ers used are

- 14 -
diffusion material. That is, linkage of the discharge

flows caused by the upper and lower-stage impellers and
the mixing of the fluid in the tank are promoted faster
in the case of the blades arranged at the crossing angle
of 45 degrees that in the case of the upper and lower

 paddle impellers arranged in the same plane. As the
results of invéstigations of various crossing angles «
made by using this method, the optimum crossing angie a
exists ranging from 30 degrees up to less than 90
degrees, and preferably from 45 degrees up to 75
degrees, and the above-described inference is confirmed
to be applicable.

Subsequently, (2) for the purpose of grasping
the optimum range of the impeller clearance between the
upper and lower-stage impellers, numerical calculation
of the flow was conducted with the crossing angle of 45
degrees. Also, the impeller clearance L was changed
within the range of from 10% to 30% of the inside
diameter D of the mixing tank. The conditions of the
numerical calculation were the same as those described
above. The velocity distribution obtained by the
numerical calculation is shown in Fig. 8.

Fig. 8 shows the velocity vectors in the right

half of a vertical section of the mixing tank. 1In



paddfe i npel l ers of the same height and di anmeter. This,
one exanpl e and the | ower-stage inpeller nmay be retreat} E%f?
the first enmbodinment, or may be a |arger-span inpeller " EE MENT r-Stage
i npel I er for the purpose of snooth and effective |inkadepgfy froagﬁﬁf

entire liquid in the tank by increasing the discharge floe—tn fHe T OWST " t
of the tank.

is nmerely

—h

. - 15 -
Fig.8, Fig.8(a) shows an example of the impeller

clearance L set at 0.1D (10%), Fig.8(b) shows an example
of the impeller clearance L set to 0.2D (20%), and
Fig.8(c) shows an example of the impeller clearance L
set to 0.3D (30%). The ratio ofjfhe flow rate of flows
into the lower paddle iﬁpeller région to a flow being
discharged by the upper paddle impeller decreases with
increasing the clearance L from 0.1D to 0.3D, as shown
in Fig. 8. When the impeller clearanée L equals 0.3D,
the flow discharged by the upper paddle impeller is
pushed backward by the discharge flow of the lower
paddle impeller LP without flows into the lower paddle
impeller region. 1ln the meantime, at the impeller
clearance L of less than 0.2D, the discharge £low from
the upper paddle impeller f£lows into the lower paddle
impeller rggion, and this means ﬁhe linkage of the flow.
Accordingly, high-efficiency mixing based on the linkage
of.the flows between upper and lower impeller regi&hs in
the mixing tank can be attained by setting the impeller
clearance L less than 0.2D, and preferably.set to 0.1D.
Furthermore, to perform high-efficiency mixing
by use of a multistage impeller.structure, {(3) the
discharge force balance between the upper and lower-

stage impeller is important. 1In this examination,



According to the present enbodi nent, the m xing inpeIIEL_sLLugiure s a

vertically arranged two- stage inpeller structure. The|| ¢ap %Q%FT
expl anation of the effect of the constitution of the qgf esent |nveﬁ

becones easy by adopting this inpeller Date DEC]SS" '
- 16 - |

investigations on the discharge force balance were made in -
laminar and turbulent flow ranges by using a retreated paddle
impeller setting at the lowermost stage in order to increase
discharge flow in the lower part of the mixing tank. This
improvement for this apparatus leads to both the
applicability in the wider viscosity range and the increase
of power efficiency. 1In the case of a mixing apparatus with
three-impeller type, the numerical calculation of the laminar
flow was made using conventional straight paddle impellers
and retreated impellers in order to examine the velocity
distribution of the discharge flow in radial direction at

around, and a result of the analySis is shown in Fig. 9.

Fig. 9 (a) shows the velocity distribution of the
discharge flow in radial direction around the retreated
impeller, while (b) shows the distribution of the discharge
flow in radial direction around a conventional straight

paddle impeller.

As shown in Fig. 9, when a retreated impeller is:used,
there appears no backward flow S of liquid at the rear face
of the impeller tip which is often likely to occur in case of
a straight paddle impeller, and the liquid is discharged
throughout a wide range of angles in tangential direction.

Also, the



REPLACENENT SHEET -33 - structure. It is, therefore, to_be noted that, for

the purpose of simlarly inproving the mxing and agita
mul ti stage m xing inpeller structure using'nDre than t ﬁ#bé%%*@#ﬁﬁﬁygﬂa
i npel l er may be adopted in accordance with the size of tﬁt@ppalzaugew

liquid depth. As has been described above,,the m xing appacatls.

maximum discharge flow velocity is 30% greater than that of
the straight paddle impeller when the impeller diameters are

the same.

On the other hand, since the velocity of the discharge
flow for the paddle impellers depends on the outside diameter
(impeller span) thereof, the diséharge force in the lower
part of the mixing tank can be increased by using a
large-span paddle impeller at the lowermost stage than the

other paddle impeller positioned at the upper stage.

In the laminar flow range of over the viscosity of
2Pa.s, mixing could be done well throughout the interior of
the mixing tank by use of multistage paddle impellers mounted
both at the crossing angle « of 45 degrees and at the blade
clearance L of 0.1D determined according to the
above-described optimum conditions. In the transition region
where the flow changes from laminar flow to turbulent flow,
however, the linkage of flows between the upper and
lower-stage impellers becomes unstabilized, and segreéation

occurs. Therefore, this causes delay of mixing time.

As a result of investigations made for solving the

above-mentioned problem, the flows of fluid



according to the present invention has the mxing inpeller structure that

. nmultiple stages of paddle inpellers are vertically arran e 0
position for mxing, so that flows caused by appropriate ﬁg gﬁ#@” ié*@#?
are

between the paddle inpellers will be forned and fl ow patt
| i nked t hroughout the interior of the mxing tank, there

improving the fluid mxing efficiency under m xi ng operation condltlons
ranging fromturbulent flowto 19

both the transient flow and the turbulent flow region
Sut better mixing in the laminar flow zone as compared
with mixing apparatus without fins.

The mixing apparatus according to the present
invention has been accomplished on the basis of various
conditions detefmined by the above-described surveys.
That is, rapid mixing is realized with the £flows
‘caused by the upper and lower-stage impellers linked by
vertically.mounting a plurality of paddle impellers at
multiple stages attached to a rotating shaft. Each
paddle impeller is attached at an upper stage and
advanced in the direction of rotation with the crossing
angle of under 90 degrees in relation to a vertically
adjacent lower paddle impeller.

Furthermore, more rapid and reliable mixing
can be assuréd by linking of the discharged flows from
the upper and lower-stage impellers with the crossing
angle set to 45 to 75 degrees.

Furthermore, the outer edge part of the
lowermost paddle.impelier is retreated to increase the
discharge f£low in the ldwer part of the mixing tank. By
using the retreated impeller, the linkage of £low
patterns of the whole liquid in the mixing tank is

improved, and these effects lead the applicability of



| am nar flow regions. 34 Clains: 1. M xi ng apparatus, conprising a
vertical cylindrical tank (1; 11) and a rotating shaft (2; 12) vertically

install ed at the

| REPLACEMENT SHEET

- 20 -
the apparatus to various viscosities ‘and power

efficiency.

Furthermore, a greater discharge force in the
lower part of the mixing tank is attained by increasing
the span of the lowermost pa@dle.impeller larger than
the other paddle impellers located in the upper stage,
and this leads the stabilized linkage of flow patterns
of the entire fluid in the turbulent flow region in the
mixing tank.

Fufthermorerthe impeller clearance between the
adjacent upper and lower paddle blades was set at less
fhan 20% of the inside diameter of the mixing tank,
thersby more difficult mixing based on stabilized
linkage of flows caused by the upper and lower-stage
impeller is attained. |

Fufthermore, reliable and stabiliied linkage
of flows of fluid in the transition region caused by the ~
upper and lower—-stage impellers is attained by :
overlapping the upber and lower adjacent paddle
impeliers at least in the verticalidirection at the
outer edge part, thereby good, and uniform mixing of the

.£luid in the transition region is attained.



center of said tank, said shaft supporting a plurality of e
inpellers (3, 4, 13, 14), char acteri zed: ntﬂép@cﬁmgmsﬂﬁ
i mpel lers are paddle inpellers (3, 4; 13, 14), each of I ch

bl ades vertically fixed so as to symetrically extend rg

shaft (2; 12), each of said bl ades haan% a vertical di eRsi-ea—wich—
| east as great as the horizontal dinensi & thereof, the | owest stage
i npel I er of theThe present invention will become more fully understood

from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustration
only, and thus are not limitative of the present invention,

wherein

Fig. 1 shows a mixing apparatus of a first embodiment
according to the present invention, in which (a) is a
partially cutaway view in perspective of the mixing apparatus

and (b) is a sectional view taken along line B-B of (a)

Fig. 2 shows velocity vectors of flows and concentration

response curves in the mixing tank of the first embodiment

Fig. 3 is a partially cutaway view in perspective of a
mixing apparatus of another embodiment according to the

present invention

Fig. 4 is a view explaining the overlap form of

impellers according to the present invention

Fig. 5 shows a mixing apparatus of a further embodiment,
in which (a) is a front sectional view and (b) is a cross

sectional view taken along line B-B of (a)

Fig. 6 is a typical view for explaining the relation

between the impeller clearance and the circulation



inpeflers havi ng both bl ades di sposed in proximty wt
t?nk, each upper stage inpeller (4; 14) of the inpellefjsg

impel ler (3; 13) and being placed on said shaft (2; 12 pggp. skt
space fromthe next inpeller of t_ nore than=28%
of the tank (1; 11), each upper stage inpeller being set at a crossing

verti cal

angl e of beg BN #5188 dniei S U SESr SCudBRELY S A A el dradd In the

direction

multistage paddle impellers

Fig. 7 shows the velocity vectors in the mixing
apparatus in relation with a crossing angle according to the
present invention, and also shows concentration contours

expressing the progress of reduction decoloration

Fig. 8 shows the velocity vectors in the mixing
apparatus in relation with the impeller clearance according

to the present invention and

Fig.9 shows the velocity distribution of the discharge
flow in radial direction around retreated impellers, and also

shows around straight paddle impellers.
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of inpeller rotation fromthe next |ower stage inpeller, a space belng
. defined between the wall of the tank (1; 11) and the 'errﬁherat_“ %ﬁﬁ
inpel lers for the insertion of baffles (6). 2.  Appafl FREF-ARENETE B
claim1, characterized in that the diameter of the inpellers« 2 BpGoIA4Y tihe
i nner dianmeter (D) of the tank (1; 11). 5 Apparat us Pate ai-pec--rrechairm 1
or 2, characterized in that the | owest stage inpeller T#4) has a radi al

outer edge part i ch i1, gshows a mixing apparatus of glass-lined type.

This mixing apparatus has a vertical cylindrical tank 1
fitted w1th a jacket la for heat exchange around the outside
wall. Two baffles 6 are vertically inserted from the top of
the tank 1 at an equal pitch in close_by the inside wall of
this mixing tank. Baffles are not necessarily required for

mixing of high viscous liquids.

A rotating shaft 2 is vertically installed at the center
of the mixing tank 1 and is driven to be rotated by a drive
unit 5 mounted at the center on the top of the mixing tank 1

in the direction indicated by the arrow A in view (b).

A lower-stage impeller 3 is a paddle impeller with the
lower edge section formed along the curved surface of the
bottom of the mixing tank 1, and with both outer side
sections are retreated in opposite direction of rotation
indicated by the arrow A in view (b). This lower stagé
impeller is mounted on the lower end portion of the rotating

shaft 2 and close to the bottom surface of the mixing.tank 1.

An upper-stage impeller 4 consists of a -



extends rearward with respect to the direction of inpel
35 - 4, Apparatus as clained in one of clains 1 to
that at | east one pair of vertically mutually adjacent

- 25 -
arranged vertically in two stages were used in the liquid
depth H of 250 mm (1.25D) at the impeller speed of 2.08 1/s.
Also, the length of overlap ,h with the lower-stage impeller
of the upper-stage impeller fin section of the apparatus of
the present embodiment was set at 0.05D. A result thereof is

shown in Fig. 2.

Fig.2(a) shows the velocity vectors and the
concentration response of the mixing apparatus according to
the present embodiment, while Fig.2(b) shows those of a
mixing'apparatus with the prior-art crossing angle as

comparative example.

In the mixing apparatus with the prior-art crossing
angle, as shown in Fig. 2(b), the flows of liquid caused by
the upper- and lower-stage paddle impeller are linked but
some concentration difference between the liquid surface and
the tank bottom even after about 180 seconds exists, and this
shows the incomplete mixing. In the mixing apparatus of the
present embodiment shown in Fig.2(a), however, the fléws
caused by the upper- and lower-stage impeller are well
linked, and this result becomes more clear to see that the
concentrations of the liquid at the surface and the tank
bottom after about 920 seconds are the same, and this shows

that the complete mixing is



the bl ade edge part furthest fromsaid shaft (2; 12).

claimed in one of clains 1 to 4, characterized in that
are attached to the I ower end part on both outer sides
i npellers (4) projecting dowward to ov_erzlsag t he | ower

(3).

attained. Therefore, it has been confirmed that the mixing
apparatus according to the present invention has an effect to
largely reduce the mixing time as much as half or more as
compared with the mixing apparatus with the prior—aft

crossing angle.

Accbrding to the mixing apparatus shown in Fig. 1, two
mixing impellers, upper and lower, are adopted. This is
merely one example, and therefore, it is to be understood
that the present invention is not limited thereto but three
paddle impellers arranged vertically as shown in Fig. 3 méy
be adopted. And further the number of the paddle impellers
may be increased more than three in accordance with the size

of the apparatus and the ligquid depth.

In the mixing apparatus of Fig. 3, upper-stage impellers
4 fitted with fins 4a in the lower end portion on both outer

gsides are vertically mounted
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in the vertical direction at least at the outer edge
part, it is possible to overlap the upper— and lower-
stége impéliéiéfby providiﬁg for e#ample strip-shaped
fins on one outer edge part of the lower~stage impeller
3 and the upper-stage impeller 4 as shown in Fig. 4
(a), or fins projecting ih a form of £ish tail in the
lower end part on both outer aides of thé upper-stage
impellers 4 as shown in Fig. 4 (b), or fins projecting
iﬂ a form of f£ish tail in both outer edge parts of the
lower—-stage impeller 3 and the upper~stage.impeiler 4 as
shown in Fig. 4 (c).

Furthermore, in the mixing apparatus shown in
Figs. 1 to 3, the lowermost impeller is retreated for
the purpose of increasing the discharge force in the
lower part of the mixing tank, and this leads to the
applicability to various fluid viscosity and increasing
pover efficiency. This retreated impeller, however, is
not necessarily required. Since the lowermost padd}e
impellers having a larger span than the other impellers
positioned in the upper stage may be usable for the same

 purpose.
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In Fig. 5, a mixing tank 11 is a vertical cylindrical
tank fitted with a jacket lla for heat exchange on the outer
wall. On the inner‘peripheral surface of this mixing tank
11, four baffle places 16 are.vertically installed at an
equal pitch in the circumferential direction along the axial

direction.

A rotating shaft 12 is vertically mounted at the center
in the mixing tank 11 and driven to rotate in the direction
indicated by the arrow A in Fig. 5(b) by a drive unit 15

mounted at the center on the top of the mixing tank 11.

Upper- and lower-stage impellers 14 and 13 are paddle
impellers of the same impeller diameter d and the same
impeller height h, and they are mounted vertically lined on
the rotating shaft with a specific clearance provided
therebetween. The lower édge section of the lower-stage
impeller 13 is formed along the curvature of the bottom of
the mixing tank 11 so that the impeller may be installed

close to the bottom surface of the
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mixing tank 11. While the upper-stage impeller is set at the
crossing angle « less than 90 degrees ahead of the
lower-stage impeller in the direction of rotation by the
arrow A shown in Fig. 5(b), and at an impeller clearance L
from the lower-stage impéller 13. The clearance L is set at

20% or less of the inside diameter D of the mixing tank 11.

In the following, a concrete example of mixing and
agitation by use of the mixing apparatus of the present
embodiments having the above-described constitution will be

described.

There were prepared three kinds of mixing apparatus of
the above-described constitution of the crossing angle « of
the upper- and lower-stage impellers 14 and 13 set 45
degrees, 60 degrees and 75 degrees including the mixing tank
11 of 200 mm in inside diameter D, and the upper- and
lower-stage impellers 14 and 13 measuring 120 mm (0.6D) in
blade diameter d and 70 mm (0.35D) in impeller height h and
mounted with an impeller clearance L of 20 mm (O.lD).- Also,
a mixing apparatus which was of the same constitution as the

present embodiment except.the prior-art crossing angle « of

90 degrees and'impeller clearance L of 60 mm (0.3D) of
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structure. Iﬁ ié;'therefore, to be noted that, for the
purpose of similarly improving the mixing and agitating
efficiency, a multistage mixing impeller structure using more
than two stages of mixing impeller may be adopted in

accordance with the size of the apparatus and liquid depth.

As has been described aboye, the mixing apparatus
according to the present invention has the mixing impeller
structure that multiple stages of paddle impellers are
vertically arranged in the optimum position for mixing, so
that flows caused by éppropriate pressure gradient between
the.paddle impeliers will be formed and flow patterns are
smoothly linked throughout the interior of the mixing tank,
thereby largely improving the fluid mixing efficiency under
mixing operation conditions ranging from turbulent flow to

laminar flow regions.
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1. Mixing apparatus, comprising a vertical cylindrical tank (1;
i1) and a rotating shaft (2; 12) vertically installed at the
center of said tank, said shaft suppbrting a plurality of stages
of impellers (3, 4; 13, 14),

characterized in that

the impellers are paddle impellers (3, 4; 13, 14), each of which
comprises two Blades vertically fixed so as to symmetrically
extend radially from said shaft (2; 12), each of said blades
having a vertical dimension which is at least as great as the
horizontal dimension thereof, the lowest stage impeller of the
impellers having both blades disposed in proxiﬁity with the bottom
of said tank, each upper stage impeller (4; 14) of the impellers
having an impeller diameter substantially the same as or smaller
than the next lower stage impeller (3; 13) and being placed on
said shaft (2; 12), so as to form a vertical space from the next
impeller of not more than 20% of the diameter of the tank (1; 11),
each upper stage impeller being set at a crossing angle of between
45 and 75 degrees as measured around said shaft in the direction
of impeller rotation from the next lower stage impeller, a space
being defined between the wall of the tank (1; 11) and the

peripheraled of the impellers for the insertion of baffles (6).

2. Apparatus as claimed in claim 1, characterized in that the
diameter of the impellers is 60% of the inner diameter (D) of the

tank (1; 11).

3. Apparatus as claimed in claim 1 or 2, characterized in that the
lowest stage impeller (3; 14) has a radial outer edge paft which
extends rearward with respect to the direction of impeller

rotation.
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Apparatus as claimed in one of claims 1 to 3, characterized in
‘that at least one pair of vertically mutually adjacent stage
impellers (3, 4; 13, 14) partly overlap each other in vertical
direction at the blade edge part furthest from said shaft (2;
12). . '

Apparatus as claimed in one of claims 1 to 4, characterized in
that strip-type fins (45) are attached to the lower end part on
both outer sides of the upper paddle impellers (4) projecting
downward to overlap the lower paddle impellers (3).



