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Mixer angle, blade arrangement and blade shape are crucial to the design ofa high-performance continuous
mixer. In this paper, the mixing mechanism at work in a continuous mixer was investigated experimentally
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The blade arrangement and shape of blade are found to be more important to improved mixing efficiency
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The continuousmixerdiffersfrom thebatchmixerin thewaymaterialsareweighed,and in thatmateri-
als are continuallysuppliedbatched by volumewhile high-speedmixingis in progress.One problem
with this type of mixer was the deviceused to providea stable supplyof materials,but that has been
solvedwithremarkableadvancesinmachineand facilitytechnology,and a continuousmixerwith supe-
rior batchingprecisionhasnowbeendeveloped.As a result,the JSCErecommendation"Recommended
Practicefor Field MixedConcreteby ContinuousMixer" was publishedin Japanin 1986. Continuous
mixersare easilyinstalledat constructionsites, are suppliedwith materialscontinually,and offer short
mixing timesof around 15 seconds.They have found use for special concretessuch as shotcrete for
NATMor ultra-rapid-hardeningconcrete for emergencyroad repairs where limited time is available
from the startof mixingto casting.

Generally,the mixerblades in a continuousmixer(the auger)are fixedand can not be replaced.There-
fore, in orderto improvethe mixingperformanceof continuousmixers,whosemixingtime is very short,
the methodof increasing the mixer angle has been developed to delay mixing time by the action of
gravity.Withrising demandfor site-mixedconcreteas constructiondiversifiesand the amountof repair
work increases, there is a need to design a high-performance continuous mixer with greater mixing
efficiencyand adequatedischargeefrlCiency.However,the high-performancecontinuousmixercannot
be designedwithout graspof mixingmechanism.

The mixingefficiencyof a continuousmixer is evaluatedby variabilityof constituentsin fleshlymixed
concrete,variabilityin air content,variabilityin slump,andvariabilityin compressivestrengthbasedon
theJSCE Standard"Methodof Testfor MixingEfficiencyof ContinuousMixers (JSCE-I502)"[1]. In
the vase of batch mixers,there are studies[2]of the mixing mechanismthatallow a quantitativeunder-
standingusing indirectindexessuch as thepowerconsumption.However,suchindexesdo not apply to
continuous mixerssupplied with materials continually.Furthermore,because multipletypes of mixer
bladesarefittedalongtheaxisof rotation,the now conditionsof thefreshconcretearevery complicated,
aJldthe mixingmechanismcannot be graspeddirectly.

In this paper, in order to establisha methodof evaluatingthe mixingmechanismin continuousmixers,
we use a newly developedvisualization technique for fresh concrete[3]-[5].Laboratoryexperiments
were conductedto investigatethe effectsof blade arrangement,paddleblade shape,and mixer angleon
the behaviorof the concrete.In addition,an evaluationof mixingperformanceby washinganalysiswas
conducted.

2

ii&rAn outlineof the visualizationarrangementwith a model continuousmixer is givenin Fig.1.The auger
section, from the materials inlet to the outlet, was model to 1/3 scale,and the speed of revolution and
mixeranglecan be changedat will. In order to view theaugerfrom below,andto preventmixer stalling
and damage by coarse aggregate,a 2mm transparentvinyl sheet was usedas the semicircularbottom
enclosure.

The varioustypesof steelmixerbladeare shownin Fig.2;thesecan be installedalongtheaxisof rotation
in any order.The screwbladedrives materialsalongthe mixeraxis, and thetwo typesof mixingblades
are paddle designs with twoor four blades that shear materials at a dip angle of 30 degrees such as an
actual machine.
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rme fresh concretewas assumed to be a solid-liquidtwo-phasemixture of mortar and coarseaggregate.
a thisbasis,a model concretewas developed.Itconsistsof a mixtureof high-polymerresinsolution(of
specificgravity 1.0) as the model mortar and glass beads (of particle size 12.5mmand specific gravity
2.5) as the model coarseaggregate. Hashimotoet a1.[3]used coarseartificial lightweightaggregates as
modelcoarseaggregates.However,mixing stalled as a result of artificial lightweightaggregatecatching
in the gapbetween blade and enclosure.Thus, glass beads of a single particle sizewere selectedfor this
experimentto prevent suchproblems.ne differencein specificgravity as 1.5between glass beads and
modelmortar is largerthan thedifferencein specificgravity as 0.4 betweencoarseaggregateand mortar
of actualconcrete.rmerefore, in order to securesuitable resistanceto segregation,the consistencyof the
model mortar was increased (P-type funnel time around 200 seconds according to the JSCE Standard
"TestMethodfor Fluidityof Grout Mortar for PreplacedAggregate Concrete (JSCE-F521)").

Tomatchthe mix proportionactuallyused in continuousmixers[6],thevolumetricratioof model mortar
to model coarseaggregatewas 0.8. In order to trace the behaviorof themodel concrete, a tracerconsist-
ing of styrene foam particles (of particle size about 2mm and specific gravity 0.02) were added to the
model concrete.

2i3_*
TYLreemain factorswereconsideredin the mixingmechanismexperimentson model concreteusingthis
visualizationequipment:the bladearrangement,thepaddle bladeshape,and the mixerangle. Theblade
arrangements are illustrated in Fig.3..(a) screw blade only, (b) one paddle blade, and (c) two paddle
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Paddleblades

(a)Screw blade only (b)Onepaddle blade (c)Two paddleblades

Fig.3 Amangementsof blades at observationpoint

blades at the observationpoint.The paddle blades for providingshearhave already beenillustratedin
Fig.2; two-bladetype andfour-bladedesignsare tested.Experimentswithdifferentpaddle blade shape
were conductedusing case (c) in Fig.3. Screw blades were used at points away from the observation
point.me mixerangle was set at 10, 15,and 20 degrees.Mixingspeedwas 60rpm after consideration
of thesizeof the modelandthepassagetimeofthemodelconcretethroughthemixer(actualmachine
around 160-250 rpm).

While modelconcrete was added, flow behavior at the observationpoint was recorded using a video
recorder(8mmvideocameraand others).The amountof modelconcreteaddedwas thatneededto keep
the inlet full.The observationpoint wasa centralarea 2Wmmlong on theundersideof the modelThixer,
wherethe effectsOfflow disorderdue tomaterialadditionor dischargewere a minimum(seeFig.1).To
analyzethe resulting images, the dis(ancemovedby the tracers per unit time in the video images was
used to obtain the distributions of velocity vectors mapped onto a two-dimensionalplane. The time
intervalfor tracermeasurementswas 0.25 seconds,and morethan 2W velocityvectorwere measuredin
eachexperiment.

As indexeswithwhich to quantitativelyevaluate the flowmechanismin the modelcontinuousmixer on
thebasis of thevelocityvector distributions,thedirectionof the velocityvectorand its sizeare definedas
follows (seeFig.4).
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1)Directionof the velocityvector :
The dischargedirection is treated as 0 degrees,and anti-clockwiseis treated as the positive direction.
Individualvelocityvectors in arbitrarydirecdonswere discriminatedevery 15 degrees,and the appear-
ance ratio,or the numberof occurrencesineach 15-degreerangedividedbythe total numberof velocity
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vectors,wascomputed.Theappearanceratiois expectedtoevenlydistributedwhenmixingperformance
ishigh.

2) Sizeof thevelocityvector:
Individualvelocityvectors weredividedintodischargedirectioncomponentanda rotationaldirection
component,with each componentdiscriminatedevery 10mnJs, anda ratio wascomputedinthe same
wayas forvelocityvectordirection.The dischargedirectioncomponentof velocityindicatesretention
timein the mixerand is related to the dischargeefficiency(m3/h)of the concrete;it is expectedthat
dischargeefrlCiencywillbe greaterwhenthe dischargedirectioncomponentis larger.ne componentin
therotationaldirectionis relatedtothe shearflow inducedby the mixerblades,and inorderto improve
mixingefficiencyit is importaJlttOincreasethiscomponent,andmakesureit does notconvergein one
particulardirectionbutis dispersedevenly.

4i_hAgg9E@
Figure5 showsthe velocityvectordistributionsof tracers in themodel concreteat a mixerangle of 15
degreesfor threebladearrangementsshownin Fig.3.The actual1uation of thepaddleblade is shownin
each figure.In thecaseof the screwblade only,it is recognizedthata uniformlyangledflow occursand
the concreteheads in the dischargedirectioncontinually.Withone paddleblade inplace,theflow moves
in the rotationaldirection immediatelybeforethe paddle blade.As the now passes throughthe paddle
blade, thedegree of freedomof theflow increasessuddenly,bringingaboutlargervelocityvectors than
in the case of the screw blade only.In the case with two paddle blades, the now directionconverges
significantlyin therotationaldirection.
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Fig.5 Velocityvector distributionof tracerby blade arrangement

The distributionof velocity vector directionis shown
in Fig.6. In thecase of screwblade only, theranges 30
to 45degreesand45to 60degreesoccurmostQuently.
With one paddle blade, there are fewer vectors in the
range 30 to 60 degrees,and more in the range60 to 75
degrees.In the case with two paddle blades, the distri-
butionmoves toward90 degrees, and peak value is in
therange75 to 90 degrees.TYLeaverage appearancera-
tio is also higher in the latter case. By increasing the
numberof paddleblades, it is recognizedthat the flow
in thedischargedirection,asimposedby thescrewblade,
decreases. Furthermore, the rotational direction flow
becamesmorepronounced.TTListendencyis recognized
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whateverthe angleof the mixer(seeFig.7).

Figure8 showsthe appearanceratioof the dis-
chargedirectioncomponentand the rotational
directioncomponentof velocityvector.Thedis-
chargedirectioncomponentgenerallytendsto
convergeon a peakof 10-20mTn/S.In compari-
sonwith the case of the screwbladeonly, the
peakvaluebecomesmallerandthe averageap-
pearance ratio decreases in the case of two
paddle blades. mis tendency indicates a de-
creaseindischargeefficiencybecauseofa lower
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concreteflux in-thedischargedirection.However,the averageof theappearanceratio in the caseof one
paddlebladeis largerthanin the caseof screwbladeonly,soit is concludedthatthedischargeefrlCiency
isratherbetter.Thiscanbe explainedbythe highervelocityarisingat thepointwherethe concretepasses
throughthe paddleblade,as noted inFig.5.The appearanceratioof the rotationaldirectioncomponent
convergesonone fixedvelocityin the caseof the screwbladeonly.By increasingthenumberof paddle
blades,thedistributionof velocitiesimproves,theappearanceratio of 40mm/sor moreincreases,andthe
averageof theappearanceratio isalsohigher.It seemsthat flowinthe rotationaldirectionis activatedby
thepaddleblades.

As statedabove,flowinvariousdirectionsand velocitiesariseswiththepaddlebladeincomparisonwith
the caseof screwbladeonly.As a result,it is concludedthatmixingismoreactive.Whenthenumberof
paddleblades increases,the dischargeefrlCiencydecreases.Consideringthat the paddlebladerotatesat
highspeedandthe concreteisbeingmixed,it is estimatedthatthis canbe attributednot to theformation
of shearflowby thepaddleblades,butby partialretentionin the frontof thepaddlebladewherethe flow
area in the dischargedirectiondecreases(seeFig.9).42&
Figure 10 showsthe velocity vectordistributionsfor the two typesof blade - the two- and four-blade
paddles (see Fig.2) at the two points of arrangement (c) shown in Fig.3. For both designs, the flow
becamemore rotationa1.The degree to which this happens is lesswith the two-bladetype with the in
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Fig.9 Notion of patial retention phenomenon by paddle blades

Two paddleblades with twobladeseach Two paddleblades withfour blades each

Fig.10 Velocityvectordistributionof tracerby shapeof paddleblades

four-bladetype, and angledflow occursbetweenthe
paddle blades with the two-blade type. It is thought
that this can be attributedto the largerflowablearea
of the two-bladetypeat the paddleblade section.

The appearanceratio of velocity vectordirection is
shown in Fig.ll. In the case of the two-blade type,
there is no convergencein one direction.Ontheother
hand, with four-bladetype, there is a notable conver-
gence in the rotational directionnear 90 degrees.

Figure 12showsthe appearanceratio ofthe discharge
directioncomponentand therotationaldirectioncom-
ponentofthevelocityvector.Withthe two-bladetype,
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Fig.ll Apperanceratioof vevtorangle
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there is a wider distributionof velocity, the appear-
anceratioof velocityvectorsof 30mnJs or more ishigher,and theaverageappearanceratio is largerthan
with thefour-bladetype. Furthermore,theaverage withthe two-bladetype is the same asthe averageof
the discharge direction component when only a screw blade is used, as shown in Fig.8, so discharge
efficiencyis not compromised.The appearanceratioof therotationaldirectioncomponenthas the same
distributionfor both types of paddleblade. However,the size of the velocityvectorwith the four-blade
type is greater than with two-blade type, so it is estimatedthat mixing is more active.Therefore, for a
givennumberof paddleblades,changingfroma two-bladedesignto a four-bladedesigncan beexpected
to reducethe dischargeeFICiencyand improvethe mixingefficiency.

In order to grasp the area affectedby the paddle-blade, the velocity vector of divided area near the
paddle-bladeis evaluated.With two-bladetypeorfour-bladepaddlebladesat twopointsin arrangement(b)
shownin Fig.3, the axial lengthcenteringon the paddle blade is divided into four sectionseach 40mm
long, as shown in Fig.l3. Figure 14 showsthe averageof the dischargedirection component and the
rotationaldirectioncomponentof the velocityvectorin eachsection. Bothdirectioncomponentshavea
fixedvelocityin the case of the screwblade only.The dischargedirectioncomponentdecreasesmost in
velocityat section(2)for both paddle blade designs,and increasesbeyond that section. The change is
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blade type. It is recognizedthat,althoughthere is
somedirectinfluencebythepaddleblade,the cause
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of thiscanbeattributedto the partialretentionphe-
nomenonat thefrontof the paddleblade,wherethe flowareainthe dischargedirectionis restricted.ne
velocityin sections(3)and(4)tothe rearof the paddlebladeisdifferentfromthatof screwbladeonly,so
it is concludedthat theeffectof the partialretentionphenomenoncontinuesthroughto thisarea.

43_bBBEBGa9fih4issE.angie

Figure15showsthe appearanceratioof thevelocityvectorin cast of bladearrangement(b) inFig.3for
three mixer angle: 10, 15,and 20 degrees.With rising mixerangle, the peak of the velocity vector
directionmovesfromthe dischargedirectionto the rotationaldirection.Theappearanceratioshowsthe
samedispersionwhateverthe mixerangle.

Figure16 showsthe appearanceratioof the dischargedirectioncomponentandtherotationaldirection
componentof the velocityvector.nLe appearanceratio of the dischargedirectioncomponenttends to
convergeon o-20mm/sas a peakfor any mixerangle,andits averagedecreasesas the mixer angleis
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increased.This agreeswith the commonun-
derstanding that discharge efficiency is re-
duced if themixer is angledupward.The ap-
pearanceratiooftherotationaldirectioncom-
ponent tends to indicatethe samedispersion
and peakpositionin all casesof mixerangle.
The average scarcely increases when the
mixer angle is increased. Therefore, it is de-
ducedthat increasingthe angleof the mixer
changesthenow directionof theconcretein
the mixer, increases the time of passage
throughthe whole mixer,and does not lead
to thepartial retentionphenomenon.
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As describedabove,variationsin the arrangementof blades or thepaddle blade designcan lead to the
partialretention phenomenon,whileincreasingthe mixer angle lengthensthe time of passage through
the mixer.Thus,eachof thesecharacteristicsaffectsmixingperformanceinsomeway.However,it has
notbeendefinitelyshowntowhatdegreeeachaffectsdischargeefficiencyandmixingefficiency.Conse-
quently, using the volume ratio of model coarse aggregateto model mortar as an index, the mixing
performancewas evaluatedin accordancewithJISA 1112 "WashingAnalysisof FreshConcrete".52&
Sampleswereremovedfrom the augerof themodel continuousmixerat thepoints illustratedin Fig.l7.
The mixer,mixerblades,andmodel mortarwere exactlyas before. Thin squareacrylicchips (measuring
about 2.6 mm on a side and with a specificgravity of 1.16) wereused as the model coarse aggregate.
The model mortarand coarseaggregatewerethrown in alternately5 secondsapart.Thevolumetricratio
of modelcoarseaggregateto model mortar(knownas Vg/Vmhere)was chosento be 0.4 aftercomplete
mixing.The additionrate was 1*10-4m3/sfor correspondencewithan actual machine.The model coarse
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aggregate,Vg/Vm,and the additionrate werechosenso as to obtain the differencein mixingperfor-
mancewitheachexperimentalparameters.

Mixingwashalted25 secondsaf(erthe fTlrStdischarge,aJlda sampleof properquantitywas takenat each
of thepositions 0-@ showninFig.17.Mixingwas then startedagain,and sampleswereextracted25
secondsapartin this mannerfor thetotalof 5 times.Sampleswerepreparedfor washinganalysiswitha
2.5mmsieve,and theVg/Vmof the samplewascomputed.Experimentalparameterswerethenumberof
paddleblades(usingthe two-bladedesign),settingpointof paddlebladeand slopeof mixer.Six blade
arrangementswere tested,as shownin Fig.18.ne three arrangementsshowninFig.19werealso tested
to determinethe effectof varyingthe positionsof the threepaddleblades.Twomixer angles,10and 15
degrees,were tested.

In a continuousmixer,concreteaddedtogetherisnotnecessarilydischargedallat the sametime.In this
experiment,the passagetimethroughthe mixeris definedas the periodbetweenaddingtwentystyrene
foampar(iclesand the dischargeof three of them.
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Figure 20 shows the standarddeviation of samples from the initia)value Vg/Vm-0.4 for a lO-degree
mixerangleand thebladearrangementshownin Fig.18. In caseof a screwblade only,whichdoeshardly
any mixing, the standard deviation is large at all sample positions, and it is recognized that Vg/Vm
changes greatly. On the other hand, when paddle blades are used, the standard deviation converges at
sample position @ regardless of the number of paddle blades. This suggeststhat installing one paddle
bladeonly is valid as regardsmixing efficiency.The case in whichthe standarddeviationbecame small
withinthe shortestdistanceof the inlet is theone with five paddleblades.

Accordingto Uomotoet al.[7],a normal forced-mixingbatchmixer first "mingles and disperses" the
mixto makethe concretematerialsuniformwhenmixingbegins,and then"kneads"theconcrete.As for
thecontinuousmixer, the"kneading" processis crucialto stableconcretequality.Therefore,inorderto
maketheconcreteunifom as soonaspossibleand tosecureretentiontimethatallowstheconcreteto be
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"kneaded",increasingthenumberof paddleblades is important.

The standarddeviation from initialvalueVg/Vm-0.4 of samplesin case of a 15degreemixer angle is
showninFig.21. The tendencyof the standarddeviationto convergeis the same as with the 10-degree
angle, andthe standarddeviationbecamesmallwithina shortdistanceof the inletwithjust threepaddle
blades.However,increasingthe mixerangleextendsthe passagetimesimply,and it is unknownwhether
the tendencyof the standarddeviationto convergeprovides"kneading"of the concrete.

Figure 22 shows the relationshipbetween the numberof paddleblades and the passage time which is
relatedto the dischargeefficiencyand to the standarddeviationat sampleposition@.TYlePassagetime
increasessimplyby increasingthenumberof paddleblades.In the rangeof threeto five paddleblades,
increasingthe mixerangle from 10degrees to 15degreesresults ina longerpassagetimecomparedfor
a givennumberof paddleblades.

Figure23 showsthestandarddeviationfrom the initialvalueVg/Vm-0.4 of samplesin thecase of a 10-
degreemixeranglefor thearrangementsof bladesshownin Fig.19.In thecase of thefront-concentrated
arrangement,the standarddeviationbecamesmallat sampleposition@near the inlet. In the caseof the
rear-concentratedarrangement,the standarddeviationconvergesnear the outlet.The regular-interval
designmaybe consideredthemiddlearrangement.rolePassagetimewhenthepaddlebladesareconcen-
tratedrises,evenif the numberof paddlebladesremains thesame.nerefore, it is desirabletoplacethe
paddlebladesatregularintervalsas far aspossibleoncethe lengthof the augerpart has beendetermined.

This paper describeslaboratoryexperimentscarriedout to investigatethe effect of blade arrangement,
paddleblade shape, and mixerangle in a continuousmixer on the flow directionand velocityvectorof
fresh concreteusing a visualizationtechnique.Resultsare as follows:

(1) ne flow behaviorof concrete in the mixing processin a continuousmixer was evaluatedquantita-
tivelyusing a solid-liquidtwophasematerialas the modelconcrete.

(2) Paddleblades cause flowsin variousdirectionsand at varying velocityas comparedwithone fixed
directionand velocityin the case of a screwblade only.As a result,mixingis activated.

(3)Paddlebladesreduceflowarea in the dischargedirectionand causea partialretentionphenomenonto-
occur in the front of the paddle blade. The effectof this partial retention continues for somedistance
beyond the paddleblade.

(4) For a given number of paddle blades, if the shape of the paddle blade is changed, the discharge
efficiencyand mixingefficiencyalsovary.

(5)Increasingthe angleof the mixerchangestheflowdirectionofthe concretein the mixer,increasesthe
passagetime throughthe mixer,andeliminatesthe partial retentionphenomenon.

(6) In a continuousmixer,the "kneading"of concreteonce it hasbeenmade uniformis veryimportantto
obtainingstable concretequality.In order to make the concreteuniform as soon as possibleand then
secure enoughretention time to "knead" the concrete,it is important to increasethe number of paddle
blades.

Thenext stepis to considertheeffectof the shapeof a singlebladeandthedipangleof thepaddleblade,
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and leadingto a method of evaluating thebest arrangementof mixerblades.
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