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DOWN-FLOW BATCH MIXING SYSTEM 
Field of the Invention 

·REF i ii1JU1ilf 1Uf 

The present invention generally relates to batch mixing 

systems in which a batch of a liquid or a batch of a liquid 

5 suspension .is mixed with a gas and, more particularly, the 

invention relates to a down-flow batch mixing system providing an 

improved mixing effectiveness through a design which establishes 

mixing conditions of a substant.ially swirl-free laminar liquid 

flow. 

O Background of the Invention 

In batch mixing, a batC'.lh of a liqu~d or of a liquid suspension 

is loaded into a mixing tank and means for introducing a gas into 

the liquid· is provided .. An . itnpeller~type agitator provides 

agitation of the liquid ·or.of.the liquid suspension while the gas 

.s to ~e reac~ed with the liquid suspension is introduced, usually by . 
nozzles or so-called sparging rings i~ the form of gas bubbles. The 

mixing· process pr<?ceeds until a selected • process indicator 

-indicates a desired degree of completion of a chemical reaction 

between the l~quid suspension and the gas, whereupon the mixing 

~o process is terminated and the thus reacted product is emptied from 

the mixing.tank. Numerous batch mixing systems are known in which 

improved mixing effectiveness has been .sought by introducing a 

number of particular ~ixing system designs, tailored to achieve 

particular results. A m~asure of the effectiveness of the mixing 

25 process in a batch mixing system is a quantity ref erred to as a 

umass transfer coefficient," which provides an indication of the 

effectiveness of mass transfer d~ing the mixing pro_cess. The 

literature on batch mixing systems is replete with examples of 

improved designs for an agitator, impeller, or propeller, the 

30 incorpo:i;:-ation o_f .baffles dis~?~~d on the inside wall of ~ mixing 
tank, the introduc;:tiori ·.of draft tubes functioning _qs shrouds, and 

~· ·.·· .. · . . 
various gas intrqduc~ion. ~e~s ·.and their location with r~spect to 

the impeller withi:n- the. m~xi:ng tank. In ·some mixing sy~tem designs 

a stator having sta~i~n~ry-blades or vanes is used in proximity· to 
35 the impeller· so ·as to·;:acihi"eve improved mixing. characteris.tics for 
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certain materials or under certain conditions. 

Another design variable disclosed in the literature is the 
mixing tank itself and, more particularly, the design of the tank 
bottom of a mixing system. As viewed from the inside of a mixing 

5 tank, the tank bottom may be a flat bottom or it may be a concave 
bottom, or as is the case in certain pressure vessels, it may be a 
convex bottom. Thus, witn respect to the contour of the bottoms of 
mixing tanks, the disclosures known to the applicant can be 
ac~urately classified as follows: 

O ~ixing systems having a flat bottom are disclosed in the 
following· U.S. Patents': :4,454,078 (June 12, 1984); 4,190,371 

(F~rua.ry ~6, 1980); 4,207,275 (June 10, 1980); 3,~75,057 (Ap~il 1, 
1975); 2,433,592 (December 30, 1947) ;. and 1,255,944 (February 12, 

'1918) .•. 

. 5 ·Contoured .~ank bottoms or chamber bottoms are disclosed in the 
following pate~ts: U.S. 4,054,519 (October 18, 1977) discloses a 
hydraulic attrition unit for a marine toilet, showing.in a portion· 
of a Fig. 3A thereof, a hemi-toroidal chamber bottom. In U.S. 
3,488,038 (January 6, 1970) there is di~closed a stirrer, shown in 

~o a Fig. l as having a propeller (18} directing liquid flow 
downwardly toward a con~oured and rotating flow guiding body (19), 

whereupon the liquid is 
portion of a container 
attached to side walls of 

shown as flowing along a flat bottom 
{l.l.), and past suppressor vanes (20) 

the container. U.S. 2,521,396 (September 
25 5, 1950) discloses a gas ··and liquid contact apparatus, showing in 

' 
a Fig. 1 thereof a tank (1) having a uniformly concave tank bottom, 
an.impeller (9) and a rotary gas target (11) attached to .a shaft 
(10). The rotary gas target or gas di~tribution system directs a 
gas upwardly toward the impeller. The impeller (9) directs a l.iqu~d. 

30 flow upwardly .• In U.S. 2,123,496 (July 12, 1938) there ~s~disclosed: 
a drink mixer. having a' toroidally shaped bottom of a .. re~faPt::.acle 
(12) , as depict'ed in .. a·'4ig. ·1 thereof. In u. s .. 2 I 016 I 64'7 ·:· coctober 
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8, 1935) there is disclosed a device for treating paper stock, 

Figs. 1 - 3 thereof showing in these embodiments various contoured 

bottoms of a receptacle (10), and indicating tubular members or 

shrouds having various configurations (15, lSa, lSb, and lSc) • In 

5 U.S. 1,960,613 (May 29, 1934) there is disclosed a method for 

bleaching paper pulp, and showing in Figs. 1 and 2 thereof a tank 

{l) having a hemi-toroidal tank bottom delineated by a central 

ridge (9), an axial.flow impeller (3), and a degrader (2) in which 

t~~ pulp is given a downward movement {Fig. 1) by the impeller and 

10 alternatively an upward movement (Fig. 2). 

Another publication, titleq The Attainment of Homogeneous 

Suspension. in a Continuous Stirred Tank, bys. A~schbach and J. R. 

Bourne, The Chemical Engineering Jou.pial, Else~ier Sequoia S.A., 
Lausanne· (1972) dei;1cribes results of a conprehensive study of 

15 .· ·various configurations of tanks and positions of an impellers 
J 

20 

immersed into . a suspension of PMMA particles in a hydrocarbon 

liquid. This publication does not address the question of mixing, 

rather it attempts to address the particle size distribution in the 

liquid before and after stirring of the liquid suspension by 

impellers. In that publication, on pages 238 and 239 thereof, 

there are shown as a •c~se 6" and a "case 7" a system within a tank 

having a hemi-toroidal tank bottom and having baffles in the form 

of a draft tube. The propeller directs the flow of the liquid 

suspension upwardly. The particle size distribution ~urves shown in 

25 Figs. 6 and 7, respectively, indicate t~t a more homogeneous 

suspension is retained after a period of agitation of the 

suspension by using the conf ~~r~tions and conditions desc~ibed as 

"case 6" and "case 7, n respectivelY.~ The conclusions of that 

publication, on -page 242 ·.thereof, indicate that conventional 

30 flat-bottomed propeller agitated tanks were not,. :producing 

homogeneous suspensions, while the empirically determined contoured 

tank bottom provided more homogeneous suspensions in t~rms of the 
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measured particle size distribution. It is also pointed out in the 
conclusions-section that constant propeller tip speed was· seen as 
the relevant criterion to provide homogeneous suspensions in a 
scaled up version of the stirrer apparatus having the contoured 

5 bottom. 

It is apparent · from a detailed review of the foregoing 
publications, and as related· to batch mixing system~, that at least 
the following major aspects or features of a batch mixing·system 
de~igned for mixing.a gas with a liquid suspension have either not 

io been considered or have not been appreciated in the prior art with 
respect to an influence of any one aspect or feature or of a 
combinatio~ of aspects or features on a m~asure of mixing 
effectiveness achievable in a batch mixing syst~m: 

·(i) · the influ~nce of swirl and turbulence of the liquid flow 
15 :as induced by an impeller disposed in a mixing tank; 

(ii) the influence of the contour or profile of the bottom of 
a mixing tank in the .case of· a "down-flow" batch mixing-system," 
i.e. , a batch mixing system in which an impeller provides a flow of 
a liquid suspension.which is initially directed downwardly toward 

20 the tank bottom; and 
(iii) the influenc~· of the disposition within a mixing tank of 

an assembly including at least an impeller, a stator adjacent to 
the impeller, a shroud adjacent to a radial periphery of both the 
impeller and the stator, and a gas sparging means radially 

25 · coextensive with the shroud. 
Accordingly, it is desirable to· provide a batch mixing system 

having an improved mixing·· e~~ectiveness for mixing a ga~ with a· 
liquid suspension. Such· an ·improv~d mixing system can be 
advantageously used in-the.fields of fermentation, aeration, and 

30 . generally· in mixing --applicat_ions using· reactive gases.. to promote 
controlled chemical -reactions in liquid suspensions. ~ 

summarv of the Inv~rltion· _.,, · 
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It is the principal object of the present invention to 

provide a down-flow batch mixing system for mixing a gas with a 

liquid suspension under conditions of substantially swirl-free 

laminar liquid flow. 

Another object of the invention is to provide a down-flow 

batch mixing system which produces· improved mixing effectiveness of 

a gas and a liquid suspension. 

A further object of the present invention is to provide a 

do~-flow batch mixing system having a tank with a hemi.::.toroidal 

10 tank bottom extending with a . monotonically increasing >toroidal 

radius from a centrally disposed cylindrically shaped neck portion 

to a cylin~rically shaped and concentric upper P?rtion of an .outer 

tank wall. 

15 
l 

A still furthei object of ~he present in~ention is to provide 

an improved down-flow batch mixing system -in which an axial flow 

impeller, a stator disposed adjacent thereto, a shroud extending 

around the periphery of both the impeller and· the· stator, .and a: 
sparging ring are arranged within the tank and with respect to the . . . 

toroidal tank bottom such that substantially swirl-free laminar 

20 liquid flow is achieved within the tank. 

Briefly described, ... the present invention provides a down-flow 

batch mixing system for mixing a gas with a liquid suspension under 

conditions of substantially swirl-free laminar liquid flow, in 

which a mixing tank has about a central axis a hemi-toroidal tank 

25 bottom extending with a monotonically increasing toroidal radius 

from a cylindrically shaped neck portion formed by tank walls 

proximate the central axis tc;> .. ~ cylindrically shaped upper: portion 

of a tank wall formed radially outwar~ly from this .. neck portion. 

The mixing system also ha:s ·an impeller. hub which. · is . ·.radially 

30 coextensive. with an end face of the neck portion of ~he tank and' 

which is rotatably disposed there~n, and . rotatably -driven;: by . a· 
drive shaft. An axial flow· impeller is mounted to the'· inlt>eller hub. 



.-

-6-
a iiii1fiinr 

·---·~ 

The impeller has pitched impeller blades, and upon rotation the 

impeller directs the liquid suspension in a substantially· laminar 

flow downwardly along the neck portion and along the hemi-toroidal 

tank bottom. Thus, where the impeller ( is upstream of the stator 

5 or another counter-rotating blade assembly) the pitches of the 

impeller and stator blades or blades of a second counter rotating 

blade assembly are such· that the flow leaving the stator or counter 

rotating blade assembly is essentially axial. Similarly, where 

th~ stator ;i.s upstrea~. of the impeller, the pitches of the impel1er 

LO and stator are such··_. that· the· flow leaving the impeller is 

essentially axial. The stator is disposed adjacent to and radially 

coextensiv~ with the impeller. · A shroud extend~ radially around 

the periph~ry of both the impel~er and. the stator. A sparging ring, 

which· provides the gas to be m~xed with the l~quid suspension, is 

15 disposed on th~ shroud and is radially coextensive therewith. 

Thus, the.present invention provides a down-flow batch mixing 

system in which a tank .... having a particular hemi-toroidal tank 

bottom cooperates with an assembly including an impeller, a stator, 

a shroud, and a sparging ring to produce conditions of 

20 substantially swirl-free laminar liquid flow so that an improved 

mixing effectiveness ie( obtained in the mixing of a gas with a 

liquid suspension. The gas -is .introduced in a region of high speed 

flow and immediately upstream of a region of high shear. 

Brief Description of the Drawings 

25 The present ·invention will be better understood and 

appreciated more fully from .the following detailed description, 

taken in conjunction with.·th~-.-accompanying drawings, in which: 
. -- - . 

FIG. 1 shows in a .. cress-sectional· view a first embodiment of 
• ..:f.~:·:-.t;q.~·· =. . • 

the down-flow batch:. mixing:syste.m. in accordance .. with th~ present 

30 invention, in which a·· .:·S"ti~p~r~'.:;::. tube . supports a stator with a 
. . . : ....... 

sparging ring thereon, and'.~:ar;i.v~:shaft extending coaxially within 

that support tube to 'an·~~~;i~~:l.1er' hub; the hub beirl"g radially 
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coextensive with an end face of a cylindrical neck portion of a 
mixing tank. Also indicated schematically are two of the toroidal 
radii which, in combination, provide the monotonically increasing 
toroidal radius ~f the tank bottom extending from the cylindrical 

5 neck portion to a cylindrical outer wall portion of the tank~ 
FIG. 2 depicts a down-flow batch mixing system in accordance 

with a second embodiment of the invention, in which a stator is 
disposed on a portion of a cylindrical neck portion of a mixing 
tank, and an _impel.ler rotatably driven· by a drive shaft extending . . . . . . . 

. o into an impeller hUb, the drive ·shaft having a fairing radially 
coextensive with the impeller hub, and a unitary member surrounding 
the.radial.periphery of both the stator and the impeller, in which . 
the unitary member.functions as both a shroud and a sparging ring. 

. . 

·FIG~ 3 shows ~ down-flow batch mixing ElYStem in accordance 
LS -;' with a third ell_lbodiment of the invention,· in which a stator and a 

sparging ring are supported by the cylindrical neck portion of the 
mixing tank, and a drive.shaft extends axially through an end face 
of said cylindrical neck portion of the mixing tank to an impeller 
hub radially coextensive with the end ~ace of the neck portion. 

20 'FIG. 4 is a graphical presentation of mass transfer 
coefficient versus pow~r ap~lied to an impeller drive shaft, and 
comparing the performance of a down-flow batch mixing system in 
accordance with the invention to the p~rformance of an identically 
contoured mixing tank having baffles dispose.d along the inside of 

25 the outer tank walls and having an impeller and a sparging ring 
only. 

FIG. s is .a graphic~~ presentation of the functional 
relationship between a mass transfer_· coefficient and the power 
·applied to an impeller .drive .shaft, and: comparing the· performance 

30 of a down-flow batch mixing.system in accordance with the present 
. ' 

invention to·the performance of a conv~ntional-batch mixing system 
haying a flat tank· bottom· and: side wall baffles, as i,.,ell as an 
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impeller and a sparging ring only. 
Detailed Description of the Embodiments 

( 

Referring now to FIG. 1, there is depicted a first embodiment 
of a down-flow batch mixing system shown in a cross-sectional view. 

5 The mixing system 10 has a mixing tank 12 with a central axis 13. 
Radially concentric with the axis 13 are cylindrically shaped upper 
side wall portions 16 and a cylindrically shaped neck portion 15, 
the ~eek portion terminating at an upper face 18. A contoured 

. he~i-toroidal tank bottom, indicated at ~4,·. extends with a 
LO monotonically increasirig toroidal radius from· the cylindrically 

shaped neck portion 18 to the cylindrically shaped upper side wall 
portion 16 .• The monotonically varying radius of the hemi-toroidal 

' 
tank bottom is schematically indicated· by two toroidal radii Rn, 
and R,,, these radii .drawn about toroidal cent~ lines indicated at 

15 ·11. The toroid~! radius Rn denotes the shortest radius emanating 
from the cylindrical neck portion 15, while the toroidal radius R,, 

denotes the largest radius where the tank bottom merges into the 
cylindrically shaped upper side wall portion 16. The difference 
between R,, and Rn is indicated as ~R. An impeller hub 20 is shown 

20 disposed above the upper end face 18 of the neck portion 15, the 
hub being radially coe~tensive with the radial dimensions of the 
neck end face as viewed from the inside of the tank 12, and the 
impeller hub is rotatably driven by a drive shaft 22. An axial flow 
impeller, indicated at 24 has impeller blades 25 extending radially 

25 outwardly from the hub 20. The impeller blades 25 (~ot shown in 
detail) have a pitch such that the impeller induces an initially 
downwardly directed flow o·f a liquid suspension along ~he neck 
portion 15 and the contour lines 14: of the tank bottom, thus 
referring to this mixing system as a "down-flo~" mixing system. 

30 Shown positioned adjacently above the impeller .. 24 i~ a stator~ 
. . 

indicated at 30 having a plurality of stationary stat~r blades 35 
(not shown in detail), the stator blades 35 having a ~itch such 
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that the swirl induced by the stator 30 is essentially removed by 
the rotating impeller blades 25 thus substantially reducing the 
magnitude of swirl components of liquid flow in the mixing system 
10. The stator 30 is fixedly attached to a cylindrical support tube 

5 32, the tube ·having an outer diameter which is radially coextensive 
with the diameter of the impeller hub 20. The support tube 32 is 
concentric about the drive shaft 13. A shroud 40 is indicated as 
extending adjacently around the periph~ry of both the impeller 24 
and the stator 30, the impeller and t::he_- stator. being substantially 

10 radially coextensive. Shown disp~sed ~o;,:~ the stator 30 and 
radially coextensive with the shroud 40 is a sparging ring SO 
having ape.rtures 52 through which a . gas is in~roduced into the 
rapidly down-flowing liquid in the fo:i:-m·of gas bubbles in a manner 
well knoWll in the a+t of mixing systems. 

15 Substantially swirl-free laminar liqliid flow conforming to the 
hemi-toroidal contour of the tank bottom and being directed 
downwardly by the impeller 24 tangentially along the cylindrical 
neck portion 15, is schematically indicated ·by dashed outlines with 
small arrows indicating the direction of flow of the liquid 

20 suspension. Gas bubbles are depicted throughout the liquid 
suspension in the tank ~s a way to indicate in the drawing that the 
substantially swirl-free laminar liquid flow conditions achievable 
in the mixing system 10 of the invention provide for a 
significantly enhanced residence time of small gas bubbles in the 

25 liquid suspension by havi~g minimized regions of swirl and 
turbulence of the flowing liquid. 

The shroud 40 has a ~a.di".llly inwardly facing cyl:Lnd.rical 
surface indicated as having a radius .R.4 , and an inwardly facing 
surface of the cylindrical portion 16 of the tank wall 12 _is shown 

30 with a radius Rt· It can be s~own that conditions of s\.l:bstantially 
swirl-free laminar flow of the liquid suspe~sion can be maintained .. 
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so long as the ratio Rsd/Rt does not exceed a value of 0.35. 

Referring now to ~IG. 2, there is depicted a cross-sectional 

view of a down-flow batch mixing system (100). The embodiment of the 

mixing system shown in FIG. 2 differs from that of FIG. 1 in the 

5 mounting of a stator 130, and in.the attachment of a drive shaft 

122···to an impeller hub 120·, ·as· well as in the use of a unitary 

member 1 70 which serves · both as ·a·· shroud and a sparging ring in 
this·. ·embodiment. 

:t'.'.,The stator 130 is shown as.·positioned below an impeller 124, 

LO the<.'::.stator 130 fixedly attached· t~ the inner walls of a portion of · · 

a cylindrical neck portion 115 of a mixing . tank 112 . Fixedly 

att~clled to a radial periphery of· the· ·stator 130 is the unitary 
.r . 

member 170 wJ:l.ich h~s at an upper port.ion thereof an integrally 

.·.formed gas· sparging. ring having apertures 172•. Disposed above the 

15 ·stator 1-30 and··adjacent an upper surface 118 of an end face of the 

neck portion 115 is the impeller hub 120 which is radi"ally 

coextensive with the upper surface 118. An impeller 124 is 

rotatably driven by the drive shaft 122, ~he drive shaft having a 

fairing 160 shown as smoothly contoured between the shaft and the 

20 impeiler hub 120 and rad~ally coextensive with the hub at the upper 
... 

surface thereof. The .blading pitches of the impeller 124 and 

stator 130 are such that the flow leaves the stator with 
substantially no swirl. 

Features and functions not described with respect to the batch 
' 

25 mixing system 100 of FIG. 2 are identical to features and functions 

of the batch mixing system described in conjunction with FIG. 1. 

Referring now to· FIG. 3, there i.s shown in cross-sectional 

view a down·-flow batch mixing system. 200 which depicts a -third 

"elnbodiment having.a' different arrangement with respect to a drive 

30 "shaft ·222 and. a t_ank. cylindrical neck. 215 which also serves to 

support··a:·.s~ator 230, a shroud 240, and a sparging ring 250 . .. 
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In the batch mixing system 200, the drive shaft 222 i own 
as extending axially through an end face 218 of a cylindrically 
shaped neck portion 215 of a mixing tank 212 through a bushing 219 
attached to the end face 218, the bushing 219 having a fluid seal 

5 (not shown) • Rotatable drive shaft 222 is attached to an impeller 
225 having a· hub 220 which is· shown to be radially coextensive with 
the cylindrical neck portion~2f5 as viewed from inside the tank 
212. The stator 230 is supported by the tank cylindrical neck 215 
whi_ch extends axially upwardly, through the stator. A conoidal 

10 fairing 253 is provided to .. ·streamline the upper :Cace .of the 
impeller hub. Fixedly attached . to the radial periphery of the 
stator 230. is a shroud 240, and ··the sparging ring 250 is attached 
to an upper end portion of the shroud 240. 

It is to be und~rstood tha~ a magnetic driive.could function to 
15 drive the impel.ler through the tank neck wall and thus, to obviate 

.the need for a seal. 
All other features and functions of the batch mixing system 

200 of FIG. 3 not specifically described,_. are identical to the 
features and functions o·f the embodiment shown in FIG. 1. 

20 Referring now to FIG. 4, there is shown a functional 
relationship between a ~ass transfer coefficient kLa and the power 
applied to a drive shaft of a batch mixing system. The mass 
transfer coefficient is a measure of. the effectiveness of mixing 
components (for example, a gas and a liquid suspension) in a batch 

25 mixing system, i.e.,· a higher value of the mass transfer 
coefficient at a given input power to an .impeller drive shaft of a 
mixing ·system indicates a higher mixing effectiveness for that . ... . .. . 

system under specified conditions, .(~uch as, for· example, the 
diameter of a mixing tank,· the level of the liquid susp~nsion in 

30 the tarik, the impeller diameter, and-the gas.flow rate.). 
In FIG. 4, an upper set of data ·points denoted by solid 

squares is associated with a mixing system in accordad'ce with an 
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embodiment of ·the invention, ·shown as an inset adjacent to that set 
of data points for an impeller diameter of ?.5 inches and for a gas 
flow rate of 24 liters per minute through a liquid suspension 
contained in a tank. The inset· schematically depicts the mixing 

5 tank of the invention as having an inside diameter of. 24 inches and 
being filled With a liquid suspension to a level Of·24 inches as 
measured from the lowest ·point of the hemi-toroidal tank bottom. 
For purposes of clarity of presentation, the major components of 
the mixing system are de~~ted here by letters, wherein TK· denotes 

10 a tank, SH denotes .a:'.drive- ·shaft·,· TB denotes a cylindr"ical·: support 
. tube suppo~ting a stator STAT and a shroud SHD, a sparging ring SPG 

· shown atta~hed to a lower end face .of the shroud SHD, and the .shaft 
rotatably driving ~n impeller IMP. Thus, the .mixing system in 
accordance with the.invention depicted in the upper portion of FIG. 

15 ·4 differs from the embodiments shown in FIGS. 1 - 3 in that the 
sparging ring .SPG is disposed below the impeller IMP. 

In FIG. 4, a lower·set of data points denoted.by open squares 
shows the functional relationship betw~en the mass transfer 

.coefficient kLa and the power applied.to a drive shaft SH for a 
20 mixing system associated with that set of measured data and shown 

in the lower right-hand:·portion of FIG. 4. This mixing system also 
uses an impeller of a diamet·er of 7. 5 inches and a .gas flow rate of 
24 liters per min~te emanating from a sparging ring SPG disposed 
below an impeller IMP. Here the tank TK is identical to the tank of 

25 · the mixing system of the invention, and the level of the liqu~d 
suspension is again.held at ·24 inches as measured from the lowest 

point of the toroidally cori~C?~~~~ -tallk ~ottom. However, in contrast 
to the mixing system of the. invention, the mixing system associated . . . 
with the open square data-. set has dispo~ed around the inside wall. 

30 of the t~nk TIC"a ·i:ieries of· four conventional baffles BAF (only two 
are she~) and that· ~ystem neither has a sh:roud nor --a stator-. A 

drive shaft SH rotat~bly drive~ an-impeller IMP. Ari axi~l distance 
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between a lower impeller surface and the hemi-toroidal bottom of 
the tank is. indi-cated to be identical to the impeller diameter D 
(7.S inches). 

It is evident from FIG. 4 that the mixing effectiveness of the 
5 mixing system in accordance with an embodiment of the invention is 

measurably higher throughout the range of power applied to the 
drive shaft SH than the mixing effectiveness of the-baffled system 
having only an impeller and a sparging ring. Thus, while both batch 
mi~ing systems sh~wp. in FIG. 4 use an identical tank.TIC having the 

LO hemi-toroidal tank, bottom in accordance with the.invention, it is 
apparent that the mixing effectiveness of the mixing system having 
an assembly including a stator, a shroud, an impe+ler, .and a sparge 
ring arr~ged within the tank in ac;cordance with the invention 
provides"for any i~roved mixing effectiveness in a mixing process 

15 .- in which a gas.is mixed with a liquid suspension. 
Referring. now to FIG. 5, there are shown functional 

relationships between a mass transfer coefficient kLa and the power 
applied to a drive shaft SH of two distinctly different mixing 
systems. 

20 In FIG. 5, an upper trace indicates the measured functional 
relationship between t~e mass transfer coefficient and the power 
applied to a drive shaft SH for the down-flow batch mixing system 
in accordance with an embodiment of the invention which is 
indicated as an inset on the upper left~hand side of FIG. 5, and 

·25 which is identical to the mixing ·system shown on the upper 
left-hand side of FIG. 4. As in FIG. 4, the impeller diameter is 
7. 5 inches, and all data in FIG. 5 are shown for a gas flo~ .. rate of . . 

30 liters per minute {as com.pared to ~4 liters per.mi~ute in.FIG. 
4) • 

3 O In a lower portion of FIG. 5, there are shown thr~ ·functional 
relationships between the mass tra~sfer coefficient ·-.~a·. and. the 
power (in horsepower units) applied to a drive shatt':·sH of a 
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conventional flat-bottomed mixing tank FTK. The conventional 

flat-bottomed tank FTK has an arrangement of four conventional 

baffles BAF (only two are shown) disposed in equally spaced 

intervals radially around the ins_ide of the tank walls. An impeller 

5 IMP having a diameter D is disposed on a drive shaft SH such that 

a lower surface of the impeiler IMP is spaced from the flat tank 

bottom by a distance equal to the impeller diameter. A sparging 

· ring SPG is depicted as disposed below the impeller IMP. The 

flat-bottom tank has an inside diameter of 24 inches and is filled 

10 to a level of 24 inches from the flat tank bot~om with a liquid 

su~pension schematically indicated by a dashed outline. 

Assoc~ated with the experimental results 9btained from the 

mixing system using the flat-bottoll\ed tank F'.l'K are the three 

funct·ional relation~hips between the mass· transfer coefficient and 

15 the power app-lied to the drive shaft, where each functional 

relationship is for a different impeller diameter, the diameter 

values being 6.0, 6.5, and 7.5 inches, respectively. For each of 

these impeller diameters the spacing.betwe~n the lower surface of 

the impeller and the flat tank bottom was adjusted accordingly. It 

20 is noted from FIG. 5 that the smallest diameter impeller (6 inches) 

provides a slightly hig~er mixing effectiveness than the mid-size 

diameter impeller (6.5 inches) and the largest impeller diameter 

(7.5 inches). 
From a comparison of the functional relationship between the 

25 mass transfer coefficient and the ~ower·applied to a drive shaft SH 

for the 7.5 inch diameter impeller, it is evident from.the results 

shown in FIG. 5 that the down-flow batch mixing system in 

accordance with an embodiment of the i~vention (inset on the upper 

left portion of the figure), and associated with. the upper t~ace, 

·30 exhibits an improved mixing effectiveness compared tQ the mixing 

sys~em having the flat-bottomed tank FTK (lower right-. portion of 

FIG. 5) . • 
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Comparing now the functional relationship between the mass 
transfer coefficient and the power applied to the drive shafts of 
the data sets of FIGS. 4 and 5 for the mixing system in accordance 
with an embodiment of the inventi~n (insets on the upper left side 

5 of the FIGS.) it appears that the mixing effectiveness at a gas 
flow rate of 24 liters per minute.(FIG. 4) is slightly higher at a 
range of lower power inputs to the impeller drive shaft than the 
relationship observed at a gas flow rate of.30 liters per minute 
(F~G. 5) • That slight difference may be due to saturation effects 

10 of the gas in the liquid suspension at the higher gas flow rate. 
Comparing now the functional relationships between the mass 

transfer coefficient and the power· imparted to tb.e drive shafts SH 
between the hemi-toroidal tank bottom of the t~k TK having the 
conventional baffles BAF {lower right portion of FIG. 4) to the 

15 ·functional rel.ationship obtained from the flat-bottomed tank FTK 
for one and the same impeller diameter of 7.5 inches (lower right 
portion of FIG. 5), it is apparent that the hemi-toroidal tank 
{FIG. 4) provides for a significantly imprc:>ved mixing effectiveness 
relative to the mixing effectiveness obtained from the 

20 flat-bottomed tank (FIG. 5). Accordingly, although the gas flow 
rate of 24 liters per miµute (in FIG. 4) is lower than the gas flow 
rate of 30 liters per minute {FIG. 5), it appears that a 
substantially enhanced or improved mixing effectiveness can be 
obtained by selecting a mixing tank having the hemi-toroidal tank 

25 bottom of the invention and conventional baffles, as compared to 
the result~ obtained from the flat-bottomed tank having the same 
baffles·. - However, as was descriJ:>ed abc:>ve~ the arrangement of the 
complete down-flow mixing system of the invention provides a sti~l 
further improvement of the mixing effectiveness at either one of 

30 the two gas flow rates used here. 
Thus, the highest mixing effectiveness, as indicated by the 

func~ional relationship between the mass transfer coefiicient kLa 
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and the power applied to the drive shaft of a mixing system, is 
obtained with a down-flow batch mixing system in accordance with an 
embodiment of the invention, in which the arrangement of an 
impeller on an impeller hub, a stator, a shroud, and a sparging 

5 ring is such as to provide substantially swirl-free laminar flow of 
a liquid suspension in a mixing tank having a hemi-toroidal tank 
bottom of a particular hemi-toroidal profile. 

From the foregoing description of the embodiments, it will be 
apparent that a down-flow batch mixing system has been provided in 

10 which an improved mixing effectiven~ss is obtained between a gas 
and a liquid suspension by. an arrangement in a mixing tank having 
a hemi-toioidal tank bottom of -a particular profile, and an 

• assembly-including an axial flow impeller, a stator, a shroud, and 
. ·a sparging ring so _that substantially swirl,-~ree laminar flow is 

> 

15 ; ·directed downwa.rdly by the impeller. Various modifications to the 
arrangement of. these components can be contemplated. For example, 
the unitary shroud-sparging ring member depicted in the embodiment· 
of FIG. 2 can be incorporated in the embo~iment shown in FIG. 1. 
Alternatively, a suitably designed sparging means may be used to . - -

20 introduce the gas at a position between.the two opposing surfaces 
of the impeller and the 'stator. Additional means of mounting these 
components within the mixing chamber of the invention will 
undoubtedly suggest themselves to those skilled in this art. The 
system may be modified by providing adjacent, coaxial 

25 counter-rotating impellers to cancel swirl in the axially 
down-flowing stream. Such modifications are within the spirit and 
scope of the invention, as defined in the claims. 
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1. A down~flow batch mixing system for mixing a liquid· under 

conditions of substantially swirl-free laminar liquid flow, the 
system comprising: 

a mixing tank in which the liquid suspension is 
tank having about a central "axis a hemi-toroidal tank 

mixed, the 
l;>ottom 

extending with a monotonically increasing toroidal radius from a 

cylindrically shaped neck portion formed by tank walls proximate 

said central axis to a cy~tndrically shaped and concentric upper 

10 portion of a tank wall formed radially outwardly from.said neck 

portion; 
an impeller hub radially coextensive with an end face of 

• 
said neck portion and rotatably dispQsed adjacent thereto, said 

hub rotatably drive# by a drive abaft concent~ic with said axis;· 

15 an axial flow impeller mounted to said hub, said impeller 

having pitched impeller blades extending radially outwardly from 

said hub ~nd directing said substantially laminar flow.of said 

liquid suspension downwardly along said neck portion and along 

said hemi-toroidal tank bottom; 
20 ·another pitched· blade assembly disposed adjacent to and 

radially coextensive wi~h said impeller, said assembly having 

blades with a pitch relating to the pitch of said impeller 

blades such that t~e flow leaving said impeller and assembly is 

essentially axial; and 
25 a shroud extending around the periphery of ··said impeller and 

30 

said other pitched blade assembly. 

2 . The batch mixing system of c_1aim l, wherein said 

assembly is a stator and said blades.are stationary. 

3 . The batch mixing system of claim l, wherein --gas is 

mixed·with said liquid and a sparging ring is disposed•on said 
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shroud and radially coextensive therewith, said sparging ring 
providing s~id gas to be mixed with said liquid suspension. 

4. The batch mixing system of claim 3, wherein said stator 
5 is disposed above said impeller ~nd said sparging ring is 

disposed on said shroud above said stator. 

5. The batch mixing system of claim 3, wherein said stator 
is disposed above said impeller and said sparging ring is 

10 disposed on said shroud below said impeller. 

15 .. 
l 

20 

6. The batch mixing system.of claim 3, wherein said stator 
is disposed below said impeller arid said sparging ring and said 
shroud being·a unitary member. 

7. The batch mixing system of claim 1, wherein said stator 
is fixedly attached to a stationary cylindrical support tube 
concentric with said drive shaft, said tube having an outer 
diameter radially coextensive with said impeller hub. 

8. The batch mixing system of claim 7, wherein said drive 
shaft extends coaxially within said support tube to said impeller 
hub. 

25 9. The batch mixing system of claim 7, wherein said.stator 
is fixedly attached to said cylindrically shaped neck portion, 
said unitary m~mber is fixedly attached at the radial periphery 
of said stator and said drive shaft having· a contoured fairing 
terminating at said impeller hub and radially coextensive 

30 therewith. 

10. The batch mixing system of claim 3, wherein said drive 
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shaft extends axially through said sparging ring and said stator 
to said impeller hub. 

11. The batch mixing system of claim 1, wherein said drive 
5 shaft extends axially through said end face of said neck portion 

to said impeller hub. 

12. The batch mixing system of claim 1, wherein said upper 
portion of said tank wall has a radial di~tance of ~ between a 

LO radially inwardly facing surface of said wall and said central 
axis, a radially inwardly facing surface of said shroud has a 
radial distance of R8 to said central axis, and the conditio~s of 

. . 
substantially swirl-free laminar flow of said liquid suspension 
prevail at a ratio Rs/Rt not exceeding a value of 0.35. 

LS 

.. 


