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Abstract

The Spring 2011 Stock Tank Mixing Team is respdaditr researching and improving the current
mixing system installed in AguaClara plants. Oantehas currently been researching the properties of
granular PACI to determine the necessity of a n&&IRmixer for the 55 gallon tanks and Rotoplas &nk
used at AguaClara plants. We are also developMgtaCAD file which will be able to calculate the
minimum energy input required to fully homogenizeadution of PACI a stock tank. Another goal that
our team has that is contingent on the completfaheopreviously mentioned goals is to develop afmar
guidelines on mixing PACI solution thoroughly. Tieam is also actively searching for potential granu

PACI suppliers for the teams to use.
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Introduction

The Stock Tank Mixing Spring 2011 team has beerkingron improving the current mixing system in
place at AguaClara plants in Honduras. Our teanbkaga working primarily with PACI (and previously
alum) with the goal of creating a mixer that woalbbw for efficient creation of coagulant

solutions. Several things have changed, howewenpared to when we started our research at the

beginning of the semester.

After receiving information regarding the currerikimg system used in Honduras from Mr. Antonio
Elvir, an AguaClara technician, we had to signifityachange our focus of attention. Antonio infeun
us that the mixing tool (a length of PVC pipe) floe 55 gallon drums was, in his opinion, adequatke a
there was no need to design a new mixing devieehas$ also informed us that the mixing device used
for Rotoplas tanks was slightly more complex thzat bf the 55 gallon tank, since it has a bladesmix
which allows for more efficient mixing. The purgosf these blades is to incorporate vertical mixing
(forcing solution at the bottom of the tank to tbp) and increase the amount of turbulence creakeoh
the mixing device is used as the Rotoplas tanktaager than the 55 gallon drums. Antonio gavéigs
opinion in that the blades are a necessary feafutee Rotoplas mixing system. As such, one ofraw
team goals is to assess the efficiency of the Rasapixing design and improve it or redesign it as

necessary.

Antonio also mentioned that the PACI that theyuwsiag at AguaClara plants is not always the same
brand. Depending on where the PACI was manufagidhere is the possibility of a variation in thees
and shapeof the granules. In addition, althougtoiio didn’t explicitly state this, if there is vation in
brand of PACI, there is the possibility that thegest PACI in the formula is not constant. Thisyrba

important if accurate dosing is to be achieved.



Another important piece of information given by Anio was the detailing of what happens to 55 gallon
drums after they have been emptied of solution.|&\lie previously believed that the barrels were
immediately refilled with solution, it turns outahthey are actually completely emptied and cleaned
before being reconnected to the system and uséal. aghis is important as it may mean that there is
unnecessary waste occurring during the cleaninggs It also means that if PACI is added betoze t

water is, the turbulence created by dumping waiterthe barrel would aid in mixing.

This information from Antonio along with the fadteat AguaClara is switching to PACI and PACI is
guite easy to dissolve (these last two were diszlssdetail in Reflection Report 2), means thatteam
has redefined its focus. Our team is attemptingptain a 55 gallon drum to run full scale mixing
experiments, get more information from HondurashenRotoplas mixing system, and formulate a set of
mixing guidelines. In addition, we will continuergtacting suppliers of PACI and learning more about

this coagulant.



Experimental Design

The Stock Tank Mixing Team has created a MathCA®ftir the calculation of the potential energy
difference between a tank of fully homogenized Pa@&ution and a tank with a layer of un-dissolved
PACI at the bottom and pure water at the top. MashCAD file will help give us an approximation for
the minimum amount of energy required to fully h@moize a solution of PACI. A critical piece of

information that we have not yet obtained is theelation between density and concentration of PACI
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The potential energy of the concentrated salt 18ygl: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).

Tsoin*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 energy Fr.:q;) IS @ function of the potential energy of the
concentrated salt layeEq,;:s01n) @and the potential energy of the pure water [&y&f,ter)
(Equation 3).

Erotat = Esaitsomn + Ewater (3)

After mixing the two layers, the potential enerdyttte homogenized mixturd:f,;,) 1S a
function of the final mixed densityf;,,;), area of the tankAgq,), height of the tankHrqnx),

and gravity ) (Equation 4).

(4)
Hrank
Emix = Pfinal * Arank * Hrank * g * %
Sketch of the homogenized solution system:
V
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By giving a specific tank volume, tank height, dedifinal concentration and the assumed ratio betwe

the height of the concentrated solution layer &edheight of the tank, the file can calculate tbeptial

energy difference between the two states

We have designed a small scale test for the tukimgnsystem. We will have specified an amount of
concentrated salt solution and adjust the densitiyeosolution to be the same as the PACI solutren
have in the “worst case scenario”. The concentrsédidsolution will be set at the bottom of a small

bucket with specified amount of clear water atttpe

As the concentration and the volume of the conegedrsalt solution and clear water are known, we ca
calculate the final concentration of the homogeshizelution. At the end of the mixing, we can talke t
top layer of the solution and measure its dengitine density agrees with the density of a homaggsh
solution, then the solution is fully homogenizede \8an also dissolve small amounts of red dye in the
high concentrated solution, in order to visuallgférack of the mixing process and judge the degfee

homogenization of the solution.



Results and Discussion

We have not yet obtained results from the potestiargy difference MathCAD file. This is because th
PACI information we have received from liquid PAsTippliers only includes the density but not the
concentration of their product. Therefore, we dbhave a function to turn the concentration to the

corresponding density.

Experimentation with a small bucket could providarmation on how the 55 gallon drum system works
and would cost less in terms of salt, red dye,tand. With the information we get from the bucket

experiment, we can go on with the full scale expenting with the 55 gallon drum.

Regarding any experimentation done since the laBe&ion Report, there is not much to comment on
since the amount of experimentation has been veajl s Instead, our team has focused much more
heavily on literature review, discussion of optioasd information gathering. Although it may seem
regretful that more experimentation has not beeredthe team has been very busy figuring out exactl

what should focused on for the rest of the semeaiel how to approach these goals.



Future Work

The goals for our team have not changed drastidaliyour approaches to completing those goals
have. The main objectives for the Stock Tank Mixiream now is to provide mixing guidelines for
PACI solution and examine the Rotoplas mixing systéth the intent of improving it if possible. An
impeller type mixing device may or may not be udedhe following weeks, we will test the PVC pipe
mixing system currently in use in Honduras on alkstale using a bucket and a concentrated salt
solution and red dye. This will simply be a precurt® full scale testing with the 55 gallon drunftek a
55 gallon drum is secured for testing, we will Indeato figure out the efficiency of the PVC pipexing
system, and using this information, together whid potential energy difference calculation resud,

will be able to provide a set of mixing guidelines.

At the same time, the Stock Tank Mixing Team wilhtinue to investigate the physical properties of
PACI solutions in order to get more accurate calboih results and to determine a feasible concéortra
range of coagulant solutions for AguaClara plaotsse. We will also continue to contact granulaCPA

suppliers to find the most economical way for Aglza&to get a PACI sample for experimental usage.



Team Reflections

The team has been making progress in researchig &% its usage in Honduras. Mr. Antonio Elvir, an
AguacClara technician in Honduras, has given usluae information for the past few weeks. He
informed us how PACI is currently mixed in the S8Ign tanks and the Rotoplas tanks and what his
thoughts are on how the mixing system could be avgd. He and Sarah Long, an AguaClara engineer in
Honduras, will send us a video in the coming wesksow PACI is mixed in the 55 gallon barrel which

will give us an idea of the efficiency of their caint mixing processes.

Our team leadership dynamic has changed over shedaple weeks. Chris Inferrera is now in charge o
submitting, editing, managing all reflection repoaind the final draft. Boyang Mao is in charge of

designing and managing the final presentation.



