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Abstract

The linear chemical dose controller uses laminar flow through a small diameter tube to create a linear relationship between head loss and chemical flow. The linear flow orifice meter then maintains a linear relationship between plant flow and water elevation. Our team is researching the upper-flow limit of the linear dose controller and developing innovative designs to increase the capacity of this system to function in plants with flow rates approaching and above 100 L/s. Furthermore, we are redesigning and simplifying the linear flow orifice meter algorithm to improve its precision and performance in the field.

Brief History

The AguaClara team began developing a hydraulic system to add coagulant during the water treatment process when the project commenced in 2005. The chemical dose controller (CDC) system relates flow and head loss in either a linear or non-linear relationship. Initially, a linear dosing system, using a linear chemical dose controller and a linear flow orifice meter, was preferred because it was simple for the operator to understand and operate. However, due to the necessity of maintaining laminar chemical flow through the dosing system, early research efforts concluded that the linear dosing system could not be used for plants with high flow rates. This intuition led the AguaClara team to adapt their design to a non-linear model, designed with orifices to control chemical flow. This model was installed at several AguaClara plants. Operators’ feedback suggested that this system was more complicated to understand and operate, while also being less precise in delivering the expected chemical flow rate to the water. Therefore, this semester, our team has been assembled to continue prior semesters’ teams’ research on the linear chemical dosing system and determine its ability to perform in plants with high flow rates.

Introduction to Current Research
The CDC regulates flow with major head loss 
from a small diameter tube. A linear relationship between flow and head loss is preserved when chemical flow through the tube is laminar. The minimum inner diameter of the small tube (IDTube
) to maintain laminar flow is a function of the maximum chemical flow rate (QCDCmax) and viscosity of the chemical solution (νH2O) (Equation 1)
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With this minimum inner diameter, one is assured of a linear relationship between chemical flow and head loss. Therefore, the length of the small diameter tube (LTube) is a function of the maximum head loss (Hmax), the minimum inner diameter of the small tube (IDTube), the maximum chemical flow rate (QCDCmax) and the viscosity of the chemical solution (νH2O) (Equation 2).
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We believe that adding parallel small diameter tubes will circumvent this constraint and allow the linear CDC to function in plants with flow rates approaching 100 L/s. 

This linear relationship is preserved via the linear flow orifice meter (LFOM).
 The LFOM approximates a linear relationship between the surrounding water’s head and flow through the LFOM. We believe redesigning the LFOM algorithm to redefine its “zero-point” will improve its ability to deliver predicted flow rates.
Experimental Design

Our experiments to test the effect of adding parallel small diameter tubes to the CDC system will be completed with a newly-fabricated model in our lab. Our lab setup uses many components in the same roles as they have been used previously in the CDC, including a stock tank, constant head tank with a float valve, a lever and a slider. However, there are several novel innovations. 
First, there are now three ports near the base of the constant head tank and three ports on the top of the chemical drop tube to allow us to test the effect on attainable chemical flow rates of adding up to three small diameter tubes in parallel. Furthermore, although our lab apparatus is mounted on an 80/20 structure, it simulates the most current design installed in AguaClara plants where an 80/20 frame is no longer used. 
Additionally, we are using a strong, rectangular piece of plastic and a pin on one side of the lever so that we are able to set the angle of the lever arm. This setup gives us a set of standard elevations which will improve our experiments’ precision and allow us to easily reproduce our results. 
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Figure 1: Spring 2011 Linear Chemical Dose Controller Lab Setup


In contrast, our LFOM research will largely be analytical and mathematical modeling with Mathcad. 
Nonetheless, as our improved LFOM design progresses, we will have the opportunity to fabricate the design and test it in the remains of a demo AguaClara plant located at the Cornell water treatment plant.
Results and Discussion

Our primary focus thus far has been to determine the range of plant flow rates for which we can use 1, 2 and 3 small diameter tubes in parallel. We plotted the optimal length of the small diameter tube at different flow rates while varying the number of small diameter tubes set in parallel. We used Equations 1 and 2 to graph the possibilities
. We designed an algorithm that would select an available tube diameter given the calculation’s stated optimal tube diameter. For this reason, the graph appears to be a sort of step function. Furthermore, we created 3 graphs, each with a different stock concentration of alum.
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Figure 2: Small diameter tube length over a range of plant flow rates with stock concentration of 120 gm/L alum
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Figure 3: Small diameter tube length over a range of plant flow rates with stock concentration of 240 gm/L alum
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Figure 4: Small diameter tube length over a range of plant flow rates with stock concentration of 360 gm/L alum














We believe that there is a practical upper limit to the length of the small diameter tubes near 1 m to 1.25 m. 
Also, for ease of use, the stock concentration should be prepared only in multiples of 120 gm/L because one bag of alum per full stock tank equates to 120 gm/L. However, these figures show 
that increasing the number of parallel small diameter tubes and the stock concentration should allow the linear chemical dose controller to perform in plants with flow rates nearing 100 L/s.
Future Work

The following is our Spring 2011 detailed task list.
1) Teach all team members to use Mathcad – 2/6/11 – 2/12/11 (all team members)

2) Review work and design algorithms from previous semesters – 2/6/11 – 2/12/11 (all team members)

3) LFOM

a. Refine LFOM design algorithms – 2/13/11 – 2/26/11 (Adam and Akta)

i. Zero point investigation

1. Currently, the LFOM design is based upon a “zero-flow point” elevation where there should be no flow passing through its orifices. However, this zero-flow point is in the center of the first, bottom-most row of orifices; therefore, there is flow when the entrance tank water’s level is at the LFOM’s zero-flow level. The actual point where no flow occurs is at the base of the first row of orifices. We would like to re-structure the algorithm so that the LFOM’s zero-flow point elevation is the same elevation as the actual point where no flow occurs.

ii. Algorithm for choosing most effective orifice size

1. As flow rates through the LFOM differ (depending on the plant’s flow rate in which it is installed), should the orifices’ diameter also change?

a. The number of necessary orifices gets very large with large plant flow rates – can we just make the orifice diameter larger?

b. Would the number of rows also change?

iii. Investigate oscillatory behavior in first few rows of orifices

1. Try to reduce any non-linearity in the first few rows

2. Will changing the orifice diameter affect this?

b. Determine optimal number of orifice rows over a wide range of plant flow rates – 2/27/11 – 3/5/11 (Adam)

i. Is there a better way than just drilling many orifices with high flow rates?

c. Method to determine the LFOM diameter – 3/6/11 – 3/12/11 (Adam)

d. Coordinate w/fabrication team to make sure it can be fabricated easily – 3/13/11 – 4/2/11 (Adam and Matt)

e. Add to the design tool – 4/2/11 – 4/16/11 (Akta)

4) CDC

a. Investigate the limits of the range of the linear dosing system – 2/13/11 – 2/19/11 (Matt, Chris, Drew)

i. Find the transition to non-linear dosing system

b. Determine the optimal diameter and length for the small diameter tube (constraints: distance to lever arm, Reynolds number) – 2/20/11 – 2/26/11 (Matt, Chris, Drew)

i. At what flow rates must you use multiple small diameter tubes?

ii. Add to the design tool

c. New ways to connect multiple small diameter tubes to dosing tube – 2/27/11 – 3/5/11 (Matt, Chris, Drew)

i. How many tubes are too many for the operator?

d. Examine the possibility of adding grooves to the dose controller’s level to allow for higher precision when setting the dose with the slider – 3/27/11 – 4/2/11 (Matt, Chris, Drew)

e. Determine easy way to calibrate the dose controller in the field – 4/3/11 – 4/9/11 (Matt, Chris, Drew, Adam)

5) Design a chlorine dose controller to replace the current chlorine flow control system – 3/6/11 – 3/19/11 (Matt, Chris, Drew)

a. Use similar parts as the coagulant dose controller

b. Coordinate w/filter and design teams as well as AguaClara engineers to determine where to put it

6) Standardize the CDC’s components and construction to facilitate its use in any water treatment plants – 4/2/11 – 4/23/11 (all team members)

a. Put it into the design tool

7) Develop an easy way for the operator to measure the plant flow-rate – 4/24/11 – 4/30/11 (all team members)

a. Develop an easy way to mark the current plant flow rate on the entrance tank or lever

Additional possible research topics

1) Examine the sensitivity of the dose controller system to currents in the entrance tank

a. If the float’s location in the entrance tank changes, can we assume the effect is negligible?

b. Will this even be a problem with the new entrance tank designs?

2) Investigate whether it’d be easier to cut a sutro weir hole in the LFOM than pipe orifices

Team Reflections

One of our challenges has been the fabrication of the CDC lab setup. It is very crowded in the shop during the beginning of the semester and is difficult at times to build components when help from someone trained with automatic tools is necessary. Furthermore, we have had to order many of the components of the lab setup because all of last semester’s components were left in Honduras after the team trip in January. These two factors have not slowed our progress, but are two reasons why our Mathcad results have not yet been experimentally tested.
Learning and MathCAD and understanding the current LFOM file has been a much bigger challenge than expected.  Both learning how MathCAD operates and becoming familiar with reading the programs as well as understanding the formulas relating fluids was challenging.  However, this problem has quickly passed as we learn more and more MathCAD tools, and understand the fluids formulas we need to work with.

Lastly, the beginning of the semester is an adaptive period.  Given this fact, it was not surprising that we initially face issues scheduling meetings and assigning tasks.  As the semester has progressed, however, our group has developed a stronger understanding of each individual's skills and interests.  Moreover, we are now aware of which times are the best to meet so we do not foresee any scheduling problems in the future.

�Your team’s grade for this first report is an “A.” I only request that you make a serious attempt to address each comment. E-mail me back your revised report. Do not delete my comments, but when you have addressed them or have something to add put somewhere in the comment box “comment addressed” in bold. 


�I liked that your team kept your abstract simple and fairly non-technical. I feel that you should include one additional sentence as to why it’s important to have accurate dosing in plants. Maybe include another sentence about why ease of use is important for the operator and long-term survivability of the water treatment plant. 


�I’m also very happy with how this section came out. It’s very well written and clear. Good work!





One addition I would make is possibly talking about the range of flow rate where we initial decided to develop a non-linear system. The reader may also benefit if you were more technical here in describing exactly what went wrong with the non-linear doser (i.e. surface tension affects at very low flow rates and orifice diamters causing large errors in chemical dosing). 


�The reader may benefit if you explained what major head loss was here. 


�These variables need to be done using equation editor. Subscript Tube, don’t put .Tube. 


�I understand what you are doing here. However, a reader may have a very hard time seeing how you got to this first equation. Perhaps you could develop this first equation. 


�Again, the reader may not understand the jump here. At least give a rationale or explanation for how the length of tube was solved and what relationships you used in deriving this equation. 


�What is your basis for this assumption? Can you show mathematically some relationship that would show how adding additional tubes significantly increases the amount of flow a linear dosing system can handle? 


�You refer to this linear relationship a lot. It would probably help the reader if you included a figure showing this linear relationship. I know this may seem obvious, but what’s great about including visuals is that you can reference them throughout your paper so your reader knows exactly what linear relationship you are referring to without having to go into too much depth. 


�It would be helpful to the reader if you had some sort of list or brief explanation of the experiments you were planning to conduct in the upcoming weeks and provide some rationale about why these are important. 


�The reader would benefit from a labeled schematic of your system here, so you can point to each part. You could even label each in the photograph if that is easier than drawing a schematic in paint or powerpoint. 


�Someone may not know what 80/20 is. A reader may benefit from you including that it is aluminum bars and then having the company name in paranthesis. 


�The reader probably needs more context here. You described this briefly, but what kinds of things are you testing or modeling. You mentioned this in the introduction, but you could become more technical and specific here. 


�This is vague….why not just state the range and context here?


�Great!


�It could be helpful in also including a sentence or two about insights the graphs reveal. 





Also, what is the basis of your belief for the practical upper limit in that range? What physical mechanism?


�Which ones? 


�Well written section. 





