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)


Figure 2: Doser Draft Design (CDC 2009-2010) 

Equations:

Orifice Equation:
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Where, 
Q= Flow Rate 
KVC= Orifice Constant 
AOrifice= Area of the Orifice 
h= Head Loss

Rearranging the orifice equation,
Orifice Head Loss:
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 EMBED Equation.3  [image: image4.wmf]
Major Head Loss:
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Where, 
f= friction factor (dependent on Reynold's number)
D= diameter
V= velocity (Q/A)

Design Process:

Expert Inputs:
HL.ChemDoserMin = Minimum head loss required to have good control of the doser

User Inputs:
Q.Plant (HL.Plant) = Plant Flow Rate

Current set values:
C.DoserScaleAlumMax = Matrix of maximum plant alum concentrations for the doser at the highest plant flow rate

Code Calculations:
Constant head tank orifice size 
Dosing tubes size to ensure orifice head loss is much greater than major loss in tubing

1. Calculate the position of the scale by calculating the lever arm length for the dosing side and the float side.
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: Distance on the lever arm from pivot point to the position of the end of the dosing scale (ie. this calculates the horizontal distance needed at maximum dosage.)
HLChemDoserMin is assumed to be 40cm as the minimum head loss required to have good control of the doser.
MaxAngle is set to be 60 degrees. 
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:Distance on the lever arm from the pivot point to the location of the float  using the relationship that the vertical change in  float side of the lever arm is controlled by plant head loss (HLPlantTotal)​ while the dosing side of the lever arm is controlled by the doser head loss (HLChemDoserMin).

2. Calculate the head loss at each point of the scale.

Since dosing is controlled by an orifice, the flow of the alum is proportional to Q2 (see orifice equation described earlier). 

       Mass balance on alum:
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Also, the desired alum dosage in the plant (CAlumPlant) is proportional to the flow of alum  through the doser (QAlum). (QPlant is the plant flow and CAlumStock is the stock concentration of alum). 
The scale can be calculated using these relationships. 

It is desired that the lowest dosage is half the maximum dosage on the scale: Thus define PiCDCFlowScale which is a vector of ratios describing the dosage to the max dosage ranging from (0.4 to 1 in intervals of 0.1 and starts at 0.4 for better accuracy). There is a one:one relationship with the concentration of alum in the plant (noted on the scale) and the flow of alum (QAlum)through the doser. Thus, QAlum can be used to relate the concentration on the scale to the head loss of the doser at each point on the alum dosing scale. The head loss is the vertical displacement on the orifice side of the lever arm caused by the vertical displacement of the float as the height of the water in the entrance tank varies with plant flow. 
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3. Translate the vertical head loss into a horizontal distance along the scale from the pivot point.
The scale is determined by translating this vertical distance into a horizontal distance:
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The concentrations at these locations are determined based on the maximum concentration desired for each scale. This allows the use of more than one scale: you can split up your desired dosage into multiple scales. For this file there are three scales with CDoserScaleAlumMax describing the maximum dosages for each scale.

For each scale: 
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4. Use the maximum alum flow rates for each scale to calculate the dosing orifice diameters to ensure dosing at the maximum. (This is assuming negligible major losses)

Rearranging the orifice equation,
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The diameter chosen is determined by rounding DOrifice to the closest drill bit size.

5. Calculate the minimum dosing tube diameters so that the major head losses in the dosing tubes (from constant head tank to the dosing orifice) can be neglected.
An iterative approach was used. 

6. Check the surface tension at the minimum dose, at the minimum plant flow. 
7. Calculate the constant head tank orifice size depending on the plant flow. 
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