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Abstract

The Spring 2011 Stock Tank Mixing Team is taskethwmproving coagulant stock tank
mixing process currently used in many AguaClarantslaThe team has determined the major
properties differences of Aluminum Sulfate (alum@d@olyaluminum Chloride (PACI) and has
experimented with the ‘double bucket,” ‘constantflony,” ‘simple stirrer (stick),” and
‘centrifugal pump’ designs. The team has also dped a MathCAD file which calculates the
potential energy required to mix a PACI solutioside a stock tank, the density of a salt solution
given its concentration, and the energy input mkss$tirring and centrifugal pump mixing. The

final goal of this team is to create stirring guide for AguaClara plant operators in Honduras.

Keywords. stock tank, mixing system, polyaluminum chloridéym, stick stirring, centrifugal

pump, concentration, density



| ntroduction

AguaClara plants rely on a source of coagulanttswiufor the flocculation of solids
found in a given source water. This solution isiaggly water and either PACI or aluminum
sulfate (alum). Most of the AguaClara plants cutlsense alum coagulant but this coagulant is
being gradually replaced with PACI.

The current method of homogenizing alum or PACIhwatater is to simply pour the
appropriate amount of either coagulant into of ¢bagulant stock tank filled with water. The
operator then stirs the solution with a length ¥fCPpipe until the initially visible grains are no
longer visible and seem to be dissolved. The ssmdition is often cloudy or murky, and it is
often impossible to see the bottom of the tank.is TTheans knowing when the solution is
completely homogenized is almost impossible. Gulye the operators simply rely on their
intuition to know when to stop mixing. This is acfor we would like to remove. Also, the
operators waste much of their effort while stirtinhe reason for this is because stirring with a
PVC pipe will cause the system to undergo horizomiéxing (mixing inside different
concentration layers), but very little vertical nmg (mixing between concentration layers). We
would like to decrease the amount of effort thatwasted and instead use that effort for
productive mixing. Another fault with the currenethod of mixing is that it does not guarantee
complete dissolution of the coagulant. This is imgat, as if coagulant is sitting at the bottom of
the tank, it is not doing anything and is esselgtialasted coagulant. The Spring 2011 Stock
Tank Mixing Team has been tasked with improving gystem so that 1) full homogenization is
always achieved and 2) operator effort is minimized

A factor that we had to consider as we brainstormedy mixing designs is that both

coagulants will tend to settle and fully saturdte kayer of water at the bottom (but not the top)



of the stock tank. Any coagulant granular partidleat settle to the bottom will therefore require
more input of energy to completely dissolve. Alsbe solution is not guaranteed to be
homogeneous and a concentration gradient may extisin the tank: the bottom-most layer
being the most concentrated and the top-most lagkig the least. This led to the identification
of two distinct phases of the mixing process. Bha® is the dissolution of granular coagulant
into water. Phase two is the complete homogeneuxisg of the concentration layers that form
after phase one (a highly concentrated solutiohfasiin at the bottom, while a less concentrated
solution will form at the top. Phase two is comsatl complete when the entire volume of
solution is homogenized, and the distribution cdgudant is 100% random.

After much deliberation and discussion, our teamtieskon our first design which we
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dubbed the ‘double bucket’ apparatus. A diagrarisfmixing device is shown below:
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Figure 1. Schematic showing the 'double bucketterpent.




One of the reasons we favored this design is becthis would ensure that the alum
coagulant would always be completely saturated wdker. This would help prevent moist alum
from drying as this usually turns the alum to beeom taffy-like substance which makes
dissolving it much harder.

The next design we decided to try is a mixing reathat would incorporate a constant
up-flow of water through the bottom of a tank thaduld interact with the downward force of
gravity to fluidize the bed of coagulant and cati$e mix with the surrounding volume of water.
This type of mixing was termed upflow mixing an@dses on dissolving granular coagulant,.

Halfway through the semester we were informed @hah will be discontinued for use at
AguaClara plants in the near future and will belaegd with PACI. This change of coagulants
meant that we had to reconsider the reactor designsere planning on testing. At this point in
the semester, our goal of designing a mixing reagts modified slightly to designing a mixing
reactor that would specifically be used for PACI.

Granular PACI is much finer and the higher spedlicface area increases the dissolution
rate.The density of granular PACI is lower than temsity of water (density of PACI - 0.65
g/cnt).

These properties ultimately dictate our end desiggh, to that end, we no longer considered
the alum mixing reactor we had been working on. (itee ‘upflow mixing reactor’) to be
relevant. There are two main reasons for this. e,Ghe dissolution of PACI in water is
extremely rapid, and therefore, our main concerrdesling with concentration gradients.
Secondly, as PACI is less dense than water, asgutimah all of the granular PACI would settle
to the bottom was presumptuous. Hence, the upftaxing reactor was no longer relevant, as it

works by mixing a layer of granular material thatsitting on the bottom of the tank with the



water above. With the use of PACI in mind, we begamk on designing a new stirring system
better suited to PACI’s unique properties.

We spent a considerable portion of the semesteatishgpoand discussing different mixing
designs before we received more information regardhe current mixing system used in
Honduras from Mr. Antonio Elvir, an AguaClara techan. Mr. Elvir's new information
significantly changed our focus of attention. Mlvir informed us that the mixing tool (a length
of PVC pipe) for the 55 gallon drums was, in hisnag, adequate enough and there was no
need to design a new mixing device. Due to thiermation, we decided to concentrate on
creating a mixing device that could be used on simgd tank (not just 55 gallon drums and
similar sized tanks) and for PACI coagulant. Weeneery hesitant to spend more time on
creating a mixing system which was extremely ch@pVC pipe) made of a material readily
available, required no assembly, and which, acogrdo our source in Honduras, performed
adequately.

We were also informed that PACI used at AguaCldaatp is not always the same brand.
Depending on where the PACI was manufactured, tisetke possibility of a variation in the
size, shape, etc. of the PACI granules.

Due to the current shortage of PACI in our labs,tdtam has used salt (NaCl) to experiment

stirring (Figure 3).
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Figure 3. Picture of Morton Pool Salt used in ttigisg experiments.

To calculate the theoretical approximation for gyerequired to fully homogenize a solution
of salt--and therefore the amount of revolutiorgurneed for a given design--our team has created
a MathCAD file which calculates the density of d Salution given a salt concentration, the
potential energy difference between a volume of iMath solution and the same volume fully
homogenized, and the theoretical number of stigsiired for total homogenization for a given
mixing design. The equations utilized for theslkewations are shown below:

The potential energy of the concentrated salt 18ygli:5.:,) iS @ function of the salt density
(Pconcsoin), area of the tankA¢,,x), the ratio of the concentrated solution volumd #re total

volume (s01,), the height of the tank,,,,.), and gravity §) (Equation 1).

_ Tsoln*HTank 1
ESaltSoln = PconcSoin * ATank *Tsoin * HTank *g* 2 ( )



The potential energy of pure water layéy,(;.,-) iS a function of the density of water
(Pwater), area of the tankAg,nx), the ratio of the concentrated solution volume éme total

volume (s01,), the height of the tank,,,.), and gravity §) (Equation 2).

_ (1-7som)*Hrank
EWater = Pwater * ATank * (1 - 7"Soln) * HTank *g* (rSoln * HTank 2 ) (2)

The total potential energyEf,:q;) IS @ function of the potential energy of the
concentrated salt layeEq,;:s01n) @nd the potential energy of the pure water [ay&f,ier)
(Equation 3).

Erotar = Esaitsomn + Ewater 3)

After mixing the two layers, the potential enerdyttte homogenized mixturéf,;,) 1> a
function of the final mixed densityf;,,;), area of the tankAgq,), height of the tankHrqx),

and gravity ) (Equation 4). (4)

HTank

Emix = Pfinal * Arank * Hrank * g * )
The MathCAD file can also calculate the densityadolution of NaCldconcsomn) given

its concentrationd;y,cs01n) (Equation 5).
(5)

9
Pconcsoin = 0.6365 * Ceoncsorn + 1001-4’Z

The equation above was derived by taking differ@ricentrations of salt solution and
measuring the density. The data points were oldainkom Mettler-Toledo—

http://us.mt.com/us/en/home/supportive contentiagpbn editorials.Sodium Chloride de e.t

woColEd.htm! The resulting data points were then graphed, arohear interpolation was
carried out. The Rvalue for this interpolation is .995, indicatinchigh degree of confidence

that the relationship between density and conceoitrs linear.



The equations utilized for the ‘stick stirring’ eements (otherwise known as the
simpler stirrer) are as follows:

The Reynolds number of the stidke;; ) is a function of the linear velocity of the stick
(Velgsick), the diameter of the stickD{;;.x), and the kinematic viscosity of watevy(,;.,)
(Equation 6).

_ Velstick*Dstick
Ry, = V2D ®)
Water

The drag forceHp,qg4) is a function of the final mixed densityg,4), the linear velocity
of the stick Velg:cx), the drag coefficientcp), and the area of the cross section of the stick
(Acrosssection) (EQuation 7).
Fprag = 0.5 * ppinar * VelStickZ * Cp * Acrosssection (7)
The energy per stilEg;,) is a function of the drag forcéy,,4), the diameter of the tank
(Drank), @andm (Equation 8).

(8)

Estir = FDrag * Drgni * 10



Experimental Design

After testing multiple designs over the semestemes of these designs were considered
to be unsatisfactory and discarded. A brief oatlri the experimental setup for each design is
given below:

Double Bucket
Our first design, the ‘double bucket’ was a vadatirom the solution feeder presented

from the book, Surface Water Treatment for Comniemiin Developing Countriesy C. R.

Schulzand D. A. Okun:
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Figure 4. Schematic of bucket design by Schulz@kuain.




The first step of the ‘double bucket’ design (Fegu) is filling a holding container,
which has pores that line the bottom and the sid#h,coagulant. This holding container is then
placed inside a larger container. This biggest athge of this setup is that the alum is always
submerged, allowing for continuous contact withewat
Variables that affect the efficiency of the mixipgpcess in the device include the following:

e Pore size of the filter

e The thickness of the layer of coagulant

e The diameter of the “bucket”

e Water level

e Rate of Inflow

e Type of coagulant (PACI vs. alum)

Our primary method of testing was to use a PVC pyat varying sizes of filter paper
attached to the bottom of the holding containee @lum was then placed inside the pipe. Then,
keeping the water flow constant, we measured wbatentration was ultimately achievable
with this design.

As detailed in Reflection Report 1 and 2, this mixidesign is not suitable for AguaClara
plants. The head pressure required to force théiso through the pores is too large and
therefore cannot be reasonably achieved in AguaGQiants. Thus, our focuses turned towards
other designs.

Upflow Mixing
The purpose of this experiment was to experimenétiadr pumping water into the

bottom of the tank and forcing the water upwards waviable mixing design. The water being



forced upwards would counteract gravity to createrbulent flow that would stir the coagulant
solution.
Our experimental setup for this design is as fodpw
1. A layer of granular alum is first placed at thetbot of a PVC pipe set upright until the
layer of the alum is 20 cm thick. This pipe hasimmer diameter of4s” and extends
vertically 50 cm in height.
2. Pressure sensors are set at the top and bottohe gfipe to be recorded by the process
controller.
3. A filter is attached at the top of the pipe to mmetvundissolved granular alum from
flowing out of the pipe.
4. After starting the experiment, the process cordgrolNould gather pressure readings at the
bottom and the top of the pipe.
5. Using the data gathered from the pressure sensmisulate the concentration
measurements in the pipe over a measure of time.

6. Continue to test with different flow rates and dieént thicknesses in alum.
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Figure 2. Schematic showing the upflow experiment.

We stopped experimenting with this design aftenpenformed that AguaClara is switching
to PACI in the near future for all plants. Since@®Aas very different properties from alum, we
have decided this mixing design is ineffective RACI since PACI is less dense than water.
Alum is denser than water and tends to sink in wé&a the other hand, PACI is not only less
dense, but also PACI granules are much finer tham granules and PACI dissolve much more
readily than alum. These changes in properties niegna simpler mixing design that did not
rely on upflow mixing would be a better choice RACI mixing.

Mixing for PACI

As PACI dissolves much more readily than the aluangles, dissolving the granular
PACI is not considered a big issue. However, tlesalved PACI solution is denser than water.
The PACI solution will tend to settle to the bottarh the tank and create a layer of highly

concentrated PACI solution. Therefore, the systefhemd up to have higher density (higher



concentration) solution at the bottom and lowersitgr{lower concentration) solution at the top.
Mixing will be required to homogenize the resultsgution.
Worst Case Scenario

To use MathCAD to calculate and evaluate each thxehgisystems, we created the ‘worst
case scenario’ for a given target concentratiormp$y put, the worst case scenario is the case
that would require the most energy input to achiéyde homogenization. This worst case
scenario is achieved in a theoretical sense forrustathCAD the following way:

1. The final desired concentration for the fully horeazed solution is decided.

2. For the desired tank volume, the mass of salt rkddethe desired concentration is

calculated.

3. The volume of a salt solution at its solubility itnis found that, when mixed with a
volume of pure water, would result in the creatioh a solution at the desired
concentration and volume.

4. This salt solution at its solubility limit is plageat the bottom of the tank, and the rest of
the tank is filled with pure water. No mixing betan the water layer and the salt
concentration is assumed.

Even though we are using salt in our experiments,believe we are getting an accurate
representation of what would happen with PACI sohd. This is so because we are analyzing
concentration gradients, and not the actual digsplef granular particles. As PACI dissolves
very readily in water, we feel this is a safe agstiom to make. In addition, molecular diffusion
is negligible compared to the amount of mixing tbheulence created by the stirring reactor
creates. Although molecular diffusion will ultinel be responsible for reaching a 100% mixed

state, it will not provide a strong enough mixirggde to eliminate the concentration gradient.



To do this, we introduce. The magnitude of the wiebce is the key factor that determines the
mixing speed. Thus, the difference in moleculafudilvity between different types of salts will
not significantly affect the experiment results.efdfore, other types of salts can be used for
experimenting instead of PACI as long as the sdlit®n can reach same density of the PACI
solution.
Simple Stirrer

The next mixing design we tested was the simpteestdesign. This design is simply a
length of PVC pipe (1.25 cm in diameter) that iserted vertically into the bucket and used for
stirring. For this experiment, a set of four 5-gallbuckets were used. Each bucket was filled
with 8 liters of a concentrated salt solution (Zkets with a 100 g/L solution, 2 buckets with a
200 g/L solution). These buckets were then caefilled with 8 more liters of water in such a
way as to not disturb the concentrated solutionhe buckets were then allowed to sit
undisturbed for a period of time. Each of thesekts was in turn carefully stirred with the
PVC pipe. The density of the solution of the budk&ing mixed was periodically checked, and
when it matched the target density (the density &illy homogenized solution) mixing would
be considered completed. In order to measure ¢nsity of the solution, we used a pipet to
obtain a sample. The mass of this solution was thken. With the mass and the volume, the
density could easily be found (density = mass/vaum
Centrifugal Pump

The reason the simple stirrer is found to have \@nyefficiency is primarily because the
stick generates a horizontal mixing of the fluithex than vertical. For the worst case scenario,
most of the movement ends up mixing either thetsluwhich is already homogenized) or the

pure water rather than mixing the two layers ofiii Thus, most of the energy input is wasted.



Also, much of the kinetic energy is turned interthal energy without causing any significant
vertical transport of high density fluid into thewer density fluid or vice versa. In order to
enhance the efficiency of the mixing system, wedrteeuse the energy input to generate vertical
transport. The centrifugal pump is a design thaswsnergy input to carry concentrated bottom
solution from the bottom layer to the pure watemfd on the top layer.

The sketch of the centrifugal pump design is shéwlow in figure 5. The aim of the
horizontal pipe at the bottom of the tank is togké® pump at the center of the tank by attaching
the both ends to the wall of the tank. The vertmpk has a larger diameter than the bottom tee.
This allows the vertical pipe to be set into it aothted freely. There are holes on the bottom
horizontal pipe to allow solution to flow into thpgpe. By rotating the pump, centrifugal force
will pump the water out through the open end on dlte arm. As this liquid in the upper
horizontal pipe is pulled out, it will lower thegasure inside the pump. This will in turn cause
the higher pressure at the bottom of the pump &h po more solution. Thus, if the centrifugal

pump is kept rotating at a minimum angular velaaitgteady flow can be obtained.
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Figure 5. Sketch of Centrifugal Pump Mixer.

Rotating Speed Required to Prime the Pump with Eminated Solution:

When the concentrated solution is primed to the—topeaning that the concentrated
solution has risen to the top of the pump but doashave quite enough energy to exit—the
pressure drop inside the pump is greater than dbtdide the pump since there is a larger
concentration of solution inside the pump across ringe of the water layer. The pressure

difference between the outside and inside of thep(between point A and A’) at the topR)



is a function of the height of the pure water la{/y; ,:.,-), the density of the high concentrated

solution Qs ution) @and the density of watepy,,:.r) (Equation 9).

AP = HWater(pSolution - pWater) 9) (

Therefore, an increase of pressure is created taying the pump in order to prime the
solution. Since initially the liquid in the horiztah exit pipe is pure water, the speed required to
prime the solutionUp,mpprime) IS @ function of the pressure difference betwibenoutside and
inside the pumpAP) and the density of watep(;.:.,-) (Equation 10).

AP

VPumpPrime = |2 water (10)

Rotating Speed Required to Maintain the Concerdr&tution after Prime:

After the pump is primed, the liquid in the horitainpipe of the pump is the high density
solution. Thus, the speed required to maintaingbletion level would be slower, the speed
required to maintain the solution level inside &P Vpympoperate) 1S @ function of the
pressure difference between the outside and irteielgoump AP) and the density of the high

concentrated solutiom,;,:ion) (Equation 11).

AP
VPumpOperate = |29 —— (11)

Psolution'd

The Flow Rate Calculation:

Therefore, given any speed of rotatiigthat is faster thaWpy,,pprime, a flow will be
expected to come out of the horizontal exit pipee Total head provide by rotatify,;,;) is a

function of the given rotating speed)((Equation 12).

VZ

%0 (12)

Hrotar =



Subtract the head used to maintain the solutioal leand what is left would be the head

that could generate the flow (Equation 13).

AP
Hpiow = Hrotal ———— (13)

Psolution’d

Assuming that minor losses are the most significantrce of head loss in the pipe, we
can calculate the flow rate that corresponds widjomlosses through the pipe. This will be

equal toHg;,,, -



Results and Discussion

As stated in previous Reflection Reports, the ‘deutucket’ design and the ‘upflow
mixing’ design are unsatisfactory for PACI and aolonger being considered as potential future
mixing designs. The analysis of the centrifugal puand the simple stirrer designs are below:
Simple Stirrer Experiment

A perfect system with no losses to friction, heatany other source would require about
2 stirs in the 55 gallon tank to fully homogenibe tsolution. This result was calculated using
the following initial values:

Diameter of Stirrer= 0.025 m

Initial Salt Concentration = 360 g/L

Volume of Concentrated Solution = 60 L

Final Mixed Salt Concentration = 110.504 g/L

Total Volume =295.5 L

The simple stirrer experiments were intended to/@rine inefficiency of stick mixing.
We conducted the simple stirrer experiments with“thiorst case scenario” setup; meaning, we
created two distinct layers of different concemdnag with the bottom layer consisting of salt
concentration solution and the top layer consistihgure water. As we did not have access to a
55 gallon drum for testing, we used a 5 gallon leti@nd scaled all measurements accordingly.
The data on the table and graph shown below wasnaat by conducting the experiment with a
rotation speed of 1 revolution per second. Densidasurements were taken every 30 stirs. The
theoretical homogeneous density was 1052.5 g/Lthisddensity was achieved after 120 stirs.

Through potential energy difference calculationd dre theoretical energy put in per revolution,



these experiments prove that the simple stirr@k g8 highly inefficient and a better mixing

apparatus is needed.

Table 1. Simple Stirrer Data (1 revolution/second)

1 revolution per second (3.5 cm below water level)
Number of Revolutions Density (g/1)
0 1007
30 1021
&0 1036
a0 1049
120 1053

1 Revolution per Second (3.5 cm
below the water level)

1060
1050 —t

< 1040 /
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Figure 7. Graph of Data from Simple Stirrer Expein

It should be noted that the first 90 stirs of th&k 120 were done at a rate of 1 revolution
every 2 seconds, while the final 30 stirs were diona rapid mixing fashion; the rapid mixing

fashion basically entails mixing as fast as prattic random directions, and therefore try to mix



the solution as thoroughly as possible. This amainstirs is drastically different than the
calculated theoretical value. The efficiency fad®m@approximately 1.2% at 1 revolution per 2
seconds. Because we were not testing at full snaleywere we using a fully saturated solution
of NaCl, we expect the efficiency of the simplearsti design to be even worse when utilized
with the 55 gallon drums. Because of this, we mo@nd that the simple stirrer design be

replaced with a mixing device that can achieveghdr efficiency.

Centrifugal Pump Experiment
Based on the flow rate calculation described prestig the flow rate we can get through
the pump (built from 1.5 inch PVC pipe) as a fuoetiof rotating speed (in rpm) is shown in

Figure 6:

Flow Rate (L/s)

I I I
20 40 60

Angular Velocity (rpm)

Figure 8. Graph of flow rate througk pump vs. the rotating speed




The power input that is used to pump up the satutinsists of three parts:

1) the power used to prime the pump.
2) the power used to overcome the head loss ipuhe.
3) the power used to force concentrated solutigrobthe exit pipe.

The power that is needed to pump the water is showigure 7:

Power Requirment vs Rotating Speed
8 T T

60~ 7

20- 7]

Power Input Required (Watts)

I I
10 20 30 40

Angular Velocity (rpm)

Figure 9. Power Input Requireines. the Rotating Speed

From Figure 7, given the limiting power of 75W (theaximum power output for an
average human), we can pick approximately 32 rpthesotating speed. However, this does not

take into account the drag force on the horizqpitze.



For the calculation of the drag force on the hartab member, we assume that the
velocity of the entire length of pipe is the sanTée rate used is that of the end of the member.
Therefore, we model the entire member as movingsafastest actual rate. This is the most
conservative rate to use for the calculation ofdreg force. For a 30 rpm rotating speed, this
drag force power is smaller than the pumping pduyethe factor of 10 (3.2 Watts for the drag
force vs. 62.8 Watts for pumping). Thus, 30 rprthes maximum speed that could be applied to a
centrifugal pump scaled to a 55 gallon drum.

The energy dissipation rate at the exit of the pwamp also be plotted as a function of

rotating speed, as it is shown in Figure 8 below:

Energy Dissipation Rate (W/kg)
<
|

I I I
10 20 30

Angular Velosity (rpm)

Figure 10. Energy Dissipation Rate at the Exithef Pump vs. the Rotating Speed




Figure 8 shows that for a rotating speed fastem thé rpm, the energy dissipation rate
will be high than 1 W/kg, which means molecularffon will mix the solution with the water
before the solution is able to settle to the bottfrthe tank.

Other Useful Pieces of Information

The Stock Tank Mixing team has confirmed that alinat is saturated with water can

become a taffy-like substance that is difficultstilse. To prevent this from occurring, we have

concluded that alum should always be submerged.



Future Work

The team of students that will replace the cur@m will have the opportunity to do
many experiments. The first set of future experitaemill involve testing the centrifugal pump
and it's efficiency. Afterwards, experimenting wiim impeller design should be on the next
team’s list of things to do, as there are manyclagidealing with this type of mixing. However,
the future team should keep in mind that these raxgats are done to create a set of mixing
guidelines for AguaClara operators to use.

Also, finding a reliable supplier of granular PA@ important. The current team,
unfortunately, was not able to find a willing supplof granular PACI in the U.S. or in China.
This supply of PACI will allow the future Stock TlaiMixing team to conduct experiments with

PACI instead of salt as well as giving other tedinesopportunity to use PACI in research.



Team Reflections

Our team has done a great job working hard all seenéong, even during times when
our team’s direction was not clear or when facethvgetbacks (and there have been many
setbacks). From the almost weekly flow of inforimatthat kept changing our team’s goals, to
the inability to acquire PACI for research, the ¢ktoTank Mixing Team has faced many
problems throughout the semester. Fortunately,team has learned to adapt to the dynamic
goals, and changes that may drastically affectratmams are taken by the Stock Tank Mixing
Team in stride. Jae Lim has done an excellenbjdteeping the team focused to the best of his
abilities given the circumstances, Christopherrefi@ has consistently pushed the team towards
experimentation that could give results that cdagdapplied in Honduras, and Boyang Mao has
concentrated on the theory behind the mixing systean team has come up with.

If taken at face value, the progress our team hadenall semester long may seem to be
lacking, but when considered alongside all of g#sies we have encountered, it will be seen that
we actually have made quite a lot of progress iproving AguaClara’s mixing system for stock

tank solutions.
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forces are large. Conversely, the inter-partickede are small for a blade of 135° rake angle, but
the mixing rate is slow. The simulation resultsoailsdicate that the force applied on particles,
velocity field and mixing are interrelated in thaider. This source will be very useful if an

impeller type mixing system is designed for Agua€lalants.
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This journal illustrates a set of experiments dosiag large eddy simulation (LES). They used a

cylindrical tank with equi-spaced baffles and 6eldld Rushton turbine and they divided the



mixing was divided into five stages: mixing andpsissing, quasi steady state, resuspension,
dissolution, and homogeneous suspension. HoweWes, drticle does not go deeply into
diffusion of molecules and concentration gradidwbtighout the tank. This article would be

more useful to research the mixing process of @ahan PACI.
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Large eddy simulations (LES) of mixing process istiared tank of 0.476m diameter with a
harrow blade hydrofoil CBY impeller are discussadhis paper. The turbulent flow field and
mixing time were calculated using LES with SmagskyiLilly subgrid scale model. The
impeller rotation was modeled using a sliding mesthnique. The results show that LES is a
reliable tool to investigate the unsteady and gpasodic behavior of the turbulent flow in
stirred tanks. Mainly theoretical, this paper israrily a study on the behavior of turbulent flow
in tanks that undergo mixing. It may be somewhsdful in the design of an impeller type

system for AguaClara plants.
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The study outlined in this paper investigates thaulslity characteristics of several
polyaluminium coagulants with different chemistrieSolubility in deionized water was studied
at 20 and 5 degrees Celsius between pH 4 and€ef@n coagulants. These coagulants include
alum, and PACI, among others. Solubility diagraares provided. However, the data collected
correlates the solubility with pH, not with concextion. The information provided in this study
may be useful if the a study is done for AguaClhat takes into account the pH of solutions

used (perhaps for corrosion purposes).



