Chemical Dose Controller Design Program

This program will code for a general dose controller design and will incorporate the design into the Automated Design Tool. The doser design will be for a triple scale (three different orifices). See the CDC research team page for a more detailed explanation of this.
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Figure 1: Doser Overview (CDC 2009-2010)
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Figure 2: Doser Draft Design (CDC 2009-2010)
Dosing Scales

The doser has three scales in order to obtain more precision for the dosing range without creating a longer lever arm. On each scale, the maximum dose is 2.5 times that of the minimum dose. Between each scale, the dose is doubled. This is done to provided overlap between the scales.

The minimum dose is an input. For aluminum sulfate, the minimum dose is 8 mg/L. Then, the maximum dosage for each scale is: ( 20, 40, 80) mg/L.
To create the scale and determine, a variable called PiCdcFlowScale was created . It  gives the ratio of flows for each orifice. Each flow has a label on the scale. PiCdcFlowScale  ranges from 0.4 to 1 in increments of 0.1. The maximum head loss for each dosage, [image: image4.png]HL c4cscateorifice
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. Assuming a maximum angle, ENCdcLeverMax, of 60° at maximum dosage, this translates to a horizontal distance along the scale of [image: image8.png]HLcdcscaleOrifice
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Coagulant Stock Tank

Design Assumptions:

1. The major and minor loss through the tubing to the constant head tank are assumed to be negligible.

2. The coagulant stock tank height is set so the operators can easily access the tank. The maximum height set is 0.3m above the constant head tank’s orifice valve. 

There is a separate file that calculates the stock tank height and dimensions: Alum Stock Tank File
Constant Head Tank and Plumbing to Dosing Orifice

1. Calculate Flow Rates for Float Valves in Constant Head Tank
Assumptions:

1. K.VenaContracaOrifice = 0.62.

2. HL.CdcStock = 0.3m  
The constant head tank maintains a constant reference level for the coagulant stock. The height difference between this reference level and the dosing orifice drives the flow through the dose controller. A valve that has a float and an orifice maintains the constant level. If the level of the coagulant drops, the float will allow more coagulant to flow from the stock tank through the orifice. 

The code includes a matrix with four different float valves (ie, with four different orifice sizes). Each orifice will allow a specific maximum flow rate given by, the orifice equation: [image: image10.png]Qracrioatorificemar = KvenacontractaorificeAcacrioatoriricey) 29HL cacseock



.  Where QCdcFloatOrifice is the flow rate from the stock tank to the constant head tank, KVenaContractaOrifice is the vena contract coefficient, ACdcFloatOrifice is the area of the orifice, g is the gravitational constant, and HLCdcStock is the vertical distance to the stock tank. 
2. Choose a Float Valve by Determining Maximum Coagulant Flow Rates
Performing a mass balancing for coagulant in the plant and solving for the flow rate of the coagulant: 
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QCoagulantMax is the maximum flow rate of the coagulant through the doser (last in the array QCoagulantMaxAll), QPlant is the maximum flow through the plant, CCdcDoserScaleMax is the maximum coagulant dosages at each scale, and CCoagulantStock is the stock concentration of coagulant. 
The constant head tank float is selected based on which one can provide the maximum coagulant dose flow rate. 
3. Calculate the tubing diameter to the dosing orifice 

The dose controller requires the head loss to be controlled by the dosing orifice. Thus, the major and minor losses from the constant head tank to the dosing orifice must be negligible compared to the orifice head loss. 
The D.pipe function in the Design Tool Fluids Function File is used to determine the diameter to choose from a given set of diameters.  The inputs to the function are flow rate, available diameters, head loss available, length of tubing, viscosity of the fluid, roughness of the pipe, and the minor loss coefficient. 

Assumptions
1. The flow rate used in the calculations is the maximum coagulant flow rate (QCoagulantMax) to model the worst case scenario. 

2. Force major loss (HL.CdcMajor) and minor loss (HL.CdcMinor) from the constant head tank to the dosing orifice to be 5% of the total head loss for the doser (HL.CdcMin) which would be HL.CdcMin/20. 

3. The length of the tubing from the constant head tank to the dosing orifice (L.CdcTube) is 0.7m. 

4. The viscosity of the coagulant is set to the viscosity of water (Nu.Water) which is 10-6 m2/s. 

5. The tubing roughness (E.CdcTube) is 1mm.

6. The minor loss coefficient (K.CdcMinor) is set to be 1 for calculation purposes. 

4. Calculate the Major and Minor Head Losses
Major Head Loss

The major head loss is calculated using the major head loss equation,
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 is the friction factor and it is determined by the Reynold’s number which is a function of the flow rate, diameter, viscosity, and tubing roughness.

Minor Head Loss

Barbed fitting diameters were obtained from McMaster.com for the tubing diameters determined. The minor losses from the entrance loss and the expansion from the barbed fitting were then calculated.  

The expansion loss coefficient from the barbed fitting to the tubing is, [image: image17.png]Kcacxpansion




Aout is the area of the barbed fitting and Ain is the area of the tubing. The entrance loss coefficient for the fitting is assumed to be that of a square channel. The loss is translated into a loss for the tubing so that the minor loss coefficients can be added. Thus, [image: image19.png]


 . Then, the total minor loss coefficient, [image: image21.png]= K, msion T KcacEntrance-
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 The minor head loss can be calculated using KCdcMinor in the minor head loss equation,
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 . 

The total head loss function in AguaClara Design Tool Fluids Function was used to calculate the total head loss in the dosing tube (HLCdcDosingTube = HLCdcMajor + HLCdcMinor). 
Calculate the Orifice Head Loss
The target head loss for the chemical doser (HL.CdcMin) is set to 0.4m. 

At the minimum dosage, the orifice is at the point on the scale that is closest to the pivot point of the lever arm. The vertical distance from the pivot point is the smallest here. 0.4m of total height at the largest flow is enough so that even at this minimum dosage, there will be enough of a vertical height for dosage to occur.  

The head loss available for the orifice, [image: image25.png]HL4.0rifice:
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Dosing Orifice
1. Determine the Orifice Diameters

Use the maximum alum flow rates for each scale to calculate the dosing orifice diameters to ensure dosing at the maximum flow rate. 
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HLCdcDosingTube is a function of the flow rate, because HLCdcDosingTube is a function of flow rate. Thus, the diameters for each scales’ orifice was determined by using the maximum flow rate for each scale. The diameter chosen (DCdcOrifice) is determined by rounding to the nearest drill bit size
.The size is rounded up to be as close to the desired flow rate as possible. If the diameter is less than required to obtain the desired flow rate, the system can be adjusted to provide more head loss. 






�It would be helpful if this were organized more into paragraphs as in a formal report. Grade: A


�Specify if you are rounding up or down and why





