Challenges Chemical Dose Controller Spring 2011
(by Monroe Weber-Shirk)

The broad goals of this team are to integrate flow measurement and chemical dosing and to create designs that require a minimum number of components that must be imported. The systems must include all necessary details including labeling, tubing sizes, connectors, and all of the dimensions necessary for onsite construction and fabrication. The design constraints and algorithms for chemical dosing and flow measurements must be fully developed and integrated into the design tool and the drawings from the design tool must be fully detailed.

Future designs for AguaClara facilities are to have flow measurement separated from the head loss through the remainder of the AguaClara facility. The linear doser is to be used for low flow rates and it is very possible that the linear doser range can be extended to very high plant flow rates (perhaps 100 L/s) by using of multiple parallel tubes.
Provide guidance on the plant flow rate at which we should switch from linear to non linear flow measurement and dose control.

Test the CDC to ensure that the design is VERY robust. For example, do the threads through the slider that the operator uses to clamp the slider in place eventually wear out? What happens if the slider has alum or PACl spilled on it? How will the system perform when be used for the chlorinator?
Research, Invent, and Design Goals

Linear Doser

Develop a new method of connecting multiple dosing tubes to the vertical freefall drop tube. The connections to the drop tube should be leak tight and should minimize minor losses. The flows from each of the dosing tubes should be visible. The drop tube should not extend up to the pivot point. Instead a stainless steel rod could connect the drop tube to the pivot point. The top of the drop tube could be a larger opening so that there is room for multiple connections (barbed fittings?) and so it is easy to observe the flows from the dosing tubes.
Determine the optimal tubing size for high flow rate dosers and the minimum tubing length based on geometry and Reynolds number constraints. One convenient design is to use 1/8” ID tubing that is 1 m long and uses 20 cm of head loss to obtain 5 mL/s of chemical flow. See the attached Linear CDC dosing tube.xmcd for the dosing tube design algorithms Assess the maximum flow rate that can reasonably be obtained from the linear doser. Provide guidance on the plant flow rate at which the flow measurement and chemical dosing should switch to orifices. As part of this calculation it will be necessary to determine the maximum coagulant stock concentration and the maximum coagulant dose.
Determine and document the method of calibrating the linear doser. Options include 

· changing the attachment point for the float 

· changing the fill volume on the stock tanks

· changing the length of the doser tubes

Linear Flow Orifice Meter

Evaluate the relative advantages of custom producing a full scale template for cutting out one or more sutro weirs in a pipe or drilling many orifices. If we can produce a full scale template (in AutoCAD as part of the output of the automated design tool, it may be easier to cut the sutro weir shape using a saber saw rather than drilling many holes. In either case we should create templates for cutting the sutro weir or for drilling the holes so it is easy to build the LFOM onsite.  

Review and refine the LFOM design algorithms (MathCAD is posted on sourceforge). The current algorithm has an oscillatory behavior for the first few rows of orifices. Determine the cause of this behavior and if necessary create an improved design algorithm. 

Determine the optimal number of orifice rows and consider how this affects designs over a wide range of flow rates (5 to 100 L/s). The number of orifices becomes very large for large flow rates. Is there an alternate construction technique that should be used or is it fine to have so many holes?
A mathematical challenge to produce an LFOM design that has zero flow at zero elevation and is linear (with a zero intercept) from 2 cm to 20 cm. There will be a section of the LFOM for the first 2 cm (more or less) where it will be impossible to have the flow linearized. Our current LFOM (and the Sutro Weir) has zero flow occurring below the y intercept. We need the height at zero flow to be at zero cm so that operators can easily check the doser intercept (level and no flow) by simply turning off flow to the entrance tank.

The current LFOM design file is available at the sourceforge repository (see [SubVersion]).

Coordinate with the Fabrication team to ensure that the design that is created can easily be fabricated in the field.

We need a method to determine the diameter of the LFOM. The Sutro Weir.xmcd file on sourceforge uses a momentum balance to determine the minimum diameter of the LFOM. The other important constraint is keeping head loss low (perhaps limited to about 10 cm) between the LFOM effluent and the flocculator. Initial calculations suggest that the LFOM constraint is the more stringent requirement for the pipe size.
It is likely that the sudden change of flow direction in the Tee outside of the entrance tank will provide enough energy dissipation for rapid mix and thus an additional micromix orifice may not be needed. One strategy would be to design the Tee assembly outside the entrance tank so that an orifice plate can easily be added in the future if we determine that a higher energy dissipation rate is useful. But there is no need to install an orifice plate now.
Plant Flow Rate Measurement

Develop a user friendly method to display the plant flow rate. The goal is to display the flow rate directly in L/s. Possibilities include a scale on the LFOM or the entrance tank wall. Another possibility would be to have a dial on the lever arm. Create a method to produce waterproof labels. Kinkos can print on a waterproof sticker.
Develop and document a method to calibrate the plant flow rate. Use the entrance tank as a bucket (bucket and stop watch flow measurement). If the plant flow rate doesn’t correspond with the flow measurement device, what should be done? Would we create a new label, adjust the location of the scale relative to the lever arm, or modify the LFOM?
Chemical Flow Rate Measurement - Calibration Tube
Develop parts specifications for a calibration tube as a function of the maximum chemical dose flow rate. Develop methods to fabricate the tubes including methods to create and print the required clear, adhesive, waterproof labels.

Chlorinator

We need a method to apply chlorine. The location of the chlorinator will change with the addition of filters. Currently none of the AguaClara facilities use dose controllers for chlorination. Instead they use simple linear flow controllers. It would be good to switch to dose controllers and determine a location. This will require coordination between SRSF, CDC, design, and consultation with AguaClara Engineers.
Automated Design Goals
The goal for this semester is to get all of the flow measurement and chemical doser components designed and drawn accurately and documented in the design specifications report. 
