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PROBLEM DEFINITION

[Introduction]

I have been assigned to write code that will make several different changes regarding the flocculation tank in the current Design Tool. Currently, AguaClara has an automated design tool that receives several input parameters and returns a full design of a hypothetical plant, with complementary codes and instructions. My work concerns the flocculation tank.

The purpose of the flocculation tank is to help the unwanted particles in the water run into and stick to each other, so that they become large and heavy by the time they enter the sedimentation tank, where they settle out into the drains. There are vertical and horizontal flocculation tanks, meaning the water can move in a primarily vertical or horizontal direction. In the case of a vertical flocculation tank, there are alternating upper and lower baffles that force the direction of the water up and down as it flows through the tank, and in the case of a horizontal flocculation tank, there are alternating left and right baffles that force the direction of the water left and right. By sending the water in different directions throughout the tank, we increase the probability that particles would collide with each other.

Recently, several new improvements have been made to the flocculation tank. My job is to implement them into the Design Tool. They are as follows.

1. Increase the ratio of the space between the bottom of the lower baffles and the tank floor to the space between baffles from 1 to 1.5.
2. Insert a design check that will ensure that the top elevation of the lower baffles will always be at least one baffle space below the sedimentation tank exit weir.
3. Create baffle modules where the baffles are plastic. In this design, the hydrostatic force of the water should be transferred to the wall by the PVC connector pipes at the downstream end of the channel, so the direction and orientation of the modules are important.

4. Correct the number of drains in the flocculation tank.
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Figure 1. AutoCAD image of a sample flocculator tank with baffles.

[Design Details]

My first task regards the variable Pi.FlocBaffle, found in the Design Tool file Expert Inputs. Pi.FlocBaffle is the ratio of the space between the bottom of the upper baffles and the tank floor to the space between baffles. This variable had previously been set to 1, but needs to be increased to allow for more room under the lower baffles, to prevent the development of waste on the floor of the tank.

My second task involves the creating of a design check in the case of low flow rates. In order to ensure that water will not easily flow over the lower baffles, I will need to provide a design check to make sure that there will be at least one baffle-space-equivalent between the top of the lower baffle and the sedimentation tank exit weir. The variable for the baffle space is S.FlocBaffle. The variable for the elevation of the sedimentation tank exit weir is Z.SedWeirExit.

My third task is to design and implement modules into the Design Tool. Currently, the baffles in the flocculator in the Design Tool are suspended in mid-air, and clients would have to come up with their own methods to keep them in position. I am responsible for implementing modules, including the appropriate caps and couplings.

 [Solution Approach]
· Find Pi.FlocBaffle and change it to 1.5. Determine the effects of the change in Pi.FlocBaffle and make any necessary additions or changes.
· Look through the code to find if the height of the sedimentation tank exit weir and the baffle elevations are indirectly dependent on each other. If not, implement a design check that ensures that the weir is at least one baffle space above the top of the lower baffle.
· Look up the pictures of already-assembled baffle modules online and learn about their makeup, positioning, and orientation. Learn about how the hydrostatic force of the water interacts with the walls and the pipes.
· Design baffle modules and get them approved. Implement the baffle modules into the Design Tool.
· Correct the number of drains in the flocculation tank.
DOCUMENTATION [Updated May 9]
I changed Pi.FlocBaffle to 1.5. I outputted the design from the file floctank and discovered that the ratio of the distance between the floor and the bottom of the upper baffle to the baffle spacing was still 1. I then changed Pi.FlocBaffle back to 1, outputted another design of the flocculation tank, and compared the two designs side by side. I discovered that even though the distance between the floor and the bottom of the upper baffle was the same in both cases, the upper baffle in the Pi.FlocBaffle=1.5 design was in fact shorter than the upper baffle in the Pi.FlocBaffle=1 design.
I looked through the Flocculator file and discovered that Pi.FlocBaffle appears only in the equations that deal with the lengths of the baffles. It had no influence on the actual z-direction position of the baffle. Currently, the z-direction position of the upper baffles was raised to be S.FlocBaffle more than that of the lower baffles. I realized that if I could just raise the elevation of the upper baffle to Pi.FlocBaffle*S.FlocBaffle, and that would do the job. It worked.
For my second task, I proceeded to create a design check with S.FlocBaffle, but I received error messages because S.FlocBaffle was in fact an array not a number. In the array, all of the numbers are the same except the last one is slightly higher. This is because in every flocculator channel but the last one, the spacing between the baffles are the same, but the last channel has slightly larger spacings than the rest. I decided to modify the challenge so that every baffle would be at least max(S.FlocBaffle) lower than Z.SedWeirExit.
I found the variable that determined the length of the lower baffle in a vertical flocculator, and I changed its name from L.FlocBaffleLowerV to L.FlocBaffleLowerVTemp. Then I wrote another function that defined L.FlocBaffleLowerV, in which it would equal L.FlocBaffleLowerVTemp in the case that L.FlocBaffleLowerVTemp plus max(S.FlocBaffle) is equal to or less than Z.SedWeirExit. Otherwise, L.FlocBaffleLowerV would equal Z.SedWeirExit – max(S.FlocBaffle). I also wrote this brief description of the function next to it, “The elevation of the top of the lower baffle should always be at least max(S.FlocBaffle) lower than the elevation of the sed tank exit weir. This is to ensure that the water will easily flow over the lower baffles in the case of low flow rates.”
After talking to May to understand the parts and the positioning of the baffle modules, I went through various files to learn how to make the different parts. I went to the Flocculator file, and I discovered that some variables relating to the baffle modules were undefined. I tracked the equations and realized that this could be fixed if Floc.ModuleMin was defined. I set it as 65cm, as recommended by May, and committed the file to the SourceForge Repository.
I went to the floctank file, where part of the code to build the baffle modules had been assembled. I added my own code and outputted a text file that was inserted into AutoCAD. It produced several pipes, but the dimensions and positions were wrong. After some experimenting, I realized that some of the variables were incorrectly defined in Flocculator. I redefined S.ModulePipesH, S.ModulePipesV, and L.FlocModuleLong.

I wrote up a function with four nested for-loops to start creating my modules. I decided to create everything in every other channel first, because all of these were going in the same direction. After everything was set, it would be fairly easy to reproduce the modules in the other direction in the other channels.

After creating the for-loops, I saw that the pipes in the middle channel were in the right position, but the channels at both ends weren’t. After looking through the code, I realized that this was because I was drawing the pipes from the bottom to the top, and I should have been drawing the pipes from the top to the bottom. The last channel, at the bottom, had larger baffle spacing, so the direction in which I was building the modules mattered. After correcting this, all of the pipes were in perfect orientation and position.

I proceeded to add small caps, large caps, couplings, and connector pipes. They were placed in the right orientation and position. However, the ends of each channel still required additions, and I wasn’t sure what was supposed to be at the ends.
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Figure 2. The flocculator tank with baffles in every other channel, lacking the ends.
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Figure 3. A zoomed-in image of the end of one of the channels.
Under May’s recommendation, I contacted Sarah, an expert stationed in Honduras, and I received instructions regarding the ends of the channels. She said that I needed to add a single pipe to one end and a pair of caps and an extended pipe to the other end. I have implemented these additions.
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Figure 4. A flocculator channel including the implemented ends. Only one row of modules was produced in the z-direction, because the AutoCAD drawing took too long to draw otherwise.
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Figure 5. A zoomed-in view of Figure 4. The yellow cap is the 1/2-inch cap. The red cap is the 3/2-inch cap.

[Future Work]


Because I was assigned the flocculator challenges fairly late in the semester, I did not complete all of the tasks.


The design check regarding the space between the baffles and the exit weir could be improved. Instead of creating an extra equation that becomes the check, it might be easier to replace the already-existing equation with the new equation.

The design modules are essentially done. I just need to write the code in for the alternative channels, in which the modules are moving in the opposite direction.


I still have not corrected the number of the flocculator drains yet.
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