[image: image11.wmf]V

w

A

bucket

OurHead

×







0

0

1

2

3

4

5

6

7

8

9

10





1.41







1.7







2.03







2.38







2.76







3.17







3.6







4.07







4.56







5.08







5.63



L

=

:=




[image: image1]

[image: image2]


[image: image3]
[image: image12.wmf]Mass

w

V

w

r

w

×







0

0

1

2

3

4

5

6

7

8

9

10





1.41







1.7







2.03







2.38







2.76







3.17







3.6







4.07







4.56







5.08







5.63



kg

=

:=


[image: image4]
[image: image13.wmf]100

120

140

160

180

200

0

2

4

Bucket Mass vs. Plant Flow Rate

Mass

w

kg

Q

plant

L

min




[image: image5]


[image: image6]

[image: image14.wmf]Q

plant

100

110

120

130

140

150

160

170

180

190

200

æ

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

è

ö

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

ø

L

min

:=



[image: image15.wmf]2

orificeorifice

QKAgh

=D



[image: image16.wmf]Head

Q

K

orifice

, 

A

orifice

, 

NumHoles

, 

(

)

Q

2

K

orifice

A

orifice

×

NumHoles

×

(

)

2

2

×

g

×

:=



[image: image17.wmf]OurHead

Head

Q

plant

K

orifice

, 

A

orifice

, 

NumHoles

, 

(

)







0

0

1

2

3

4

5

6

7

8

9

10





0.02







0.03







0.04







0.04







0.05







0.06







0.06







0.07







0.08







0.09







0.1



m

=

:=



[image: image18.wmf]NumHoles

2

:=



[image: image19.wmf]A

orifice

20

cm

2

:=



[image: image20.wmf]d

bucket

27

cm

:=



[image: image21.wmf]m

bucket

1

kg

:=



[image: image22.wmf]Weights

10

:=



[image: image7]

[image: image8]

[image: image23.wmf]Reference:N:\Fluids functions.xmcd


[image: image9]
[image: image10.png]Flo Edt Vew Insert Format Took Draw Dimension Modfy Window Help

DWEERAD| 06 s £ £V - LR R RER I B @4
I

U 00 DM Dutlow

|>EPHE - $&HY0LOONTL 0L NN

][ ¥ [ DI]\ Model} Layoutt {Layouiz ]

~=lolx|
=l81x|

S

+TPEIC 48R

(]
(i}
e
s
r
o

=T

[Enter the nunber of operations to undo or [Auto/Control /BEgin End Mark Bsck]

E

BN
228375, -0.8175, 0,0000 snap| GRID| RTH|[POLaR [0sNAP [0TRACK [DYN LwT| [MODEL 4.,
A)start| & hitpsijjcumeblogin.ci.co... | &g N\ - mnd25@remote.ac... | (8] write-up._12-12 - Microso...| (3 mnd2s on ‘envirolagued.. |[ I} AutoCAD 2006 - EDUC... 2 [« 1zsem













































































��


What is the mass of water in the bucket at each of the depths? 





�








�


Solve the orifice equation for head:


�


�


This is the depth of water in the bucket at each flow rate:


�


What is the volume of water in the bucket at each of the depths. 








The Bucket System 


For a plant flow rate ranging from 100-200 L/min





User Defined Inputs:





�





How many flow orifices are in the bucket?


�





What is the orifice size?


�





What is the uniform diameter of the bucket?


�





How much does the bucket weigh?


�





How many weights will be incorporated into the counterbalancing mechanism?  As the number of weights increases, the system's response approaches linearity.





Calculations:


�


�


�


�


�





This program is based on number of weights required to counterbalance changes in flow, not including the weight required to counterbalance the minimum flow, hence the (-1).  


Q  will be a range of integer flow rates, each of which will have an ideal alum flow rate





Each weight will respond to a certain increase in flow, which varies depending on how many weights there are:


�


This uses linear interpolation to find the masses in the bucket at a given number of flow rates (NumWeights):


�


At each flow rate of interest, this is the mass in the bucket:


�


What is the change in mass per flow rate:


�


The first mass will balance the bucket at the minimum design flow rate.  (If the minimum design flow rate were zero, then the first weight would be equal to the mass of the bucket).  The next masses will balance the bucket at the incrimental increases in flow rate.   


�








The Float System (with weights) 





User Defined Inputs:





�


How many flow orifices are in the outlet from the grit chamber?


�


What is the grit chamber's outlet orifice size?





�


What is the uniform diameter of the float?





�


What is the float's mass?  (Majority of mass should be in the bottom).





�





�





How many weights will be incorporated into the counterbalancing mechanism?





Calculations:


�





�





Find the change in head in the grit chamber from min to max plant flow:


Solve the orifice equation for head:





�








�


�


�


�





�








Each weight will correspond to a certain increase in flow:





�





How many increases in flow are we considering? (changes with number of weights)





�





This uses linear interpolation to find the depth in the grit chamber at each flow step.





�





At each flow step, this is the head in the grit chamber:





�





We would like our bucket to follow a linear relationship determined by the first flow step.  In other words, twice the flow step should correspond to twice the depth in the tank, and so on: 


 


�











�





What are the flows which correspond to these linear changes in depth? 














�











�








We want to add weights so that this linear relationship is approximately maintained: 


At zero flow (no additional weights) how far is the float submerged?





�





�





�





How much weight do we add at each flow step?  


Find the approx. rate of change of the water level in the grit chamber for each flow step:





�





Using these slopes, we will find the flow required to create a change in water level equal to two times the difference between flow at this flow step and flow halfway to the next flow step:





�








�


�


Results: 





These are the masses which will provide an approximately linear flow rate:





�








Linear Relationship of Depth and Flow Rate


 "A Pattern of High Performance Holes Inspired by a Sutro Weir"


The design below is performed for the Tamara Water Treatment Facility





User-Defined Inputs





�


What drill bit diameter will be used?


Remember to check if this size is acceptable below.





�


That is the inside diameter of the outlet tube (riser)?


�


How many outlet tubes (risers) are there?


�


What is the vertical distance between sets of drilled holes?


�


What is the maximum desired change in grit chamber head?


�


What is the plant's maximum flow rate?





Calculations





�


�


What is the size of the orifice created by the selected drill bit?


�


Orifice coefficient


�


Density of water


Gives an array of the vertical location of each set of holes given hole spacing and the maximum head:


�








�





How many holes are required at the base of the tube, given an orifice spacing and a desired maximum flow rate? 





What is the desired flow when the change in head (depth) is equal to the orifice spacing? 





�





Solve the orifice equation for the number of orifices:





�


�





How many holes are required to obtain the first flow found above?


�





Round this result to obtain integer nuber of holes.


This equals the number of holes at the first vertical orifice spacing (lowest row of holes). 





�








Check the size of the drill bit:  Is the drill size too small or too large?  





If more than half the circumference of the pipe has been drilled away at the base, either the drill bit size or the tube diameter should be increased.  (We do not want to significantly weaken the outlet tube).   





If the drill bit's diameter is larger than the vertical orifice spacing, the drill bit size should be decreased.  (The rows of holes should not overlap!).


�





�





  1     means the drill bit is OK


-999  means the drill bit is too small


 999  means the drill bit is too large





This function provides the flow rate for a given head.  Requires an array with hole numbers at each level up to the current head level.





�








This returns an array with the number of holes required to create a linear relationship between flow and depth at each vertical orifice spacing:





�





Results (details for construction) 





This is an array of the number of holes at each vertical orifice spacing.  





For example: 





The first element of the array contains the number of holes at the outlet pipe's zero flow level. 


 


The last element contains the number of holes one orifice spacing below the maximum head level.


�








Graphing of Results 





Given the number of holes at each vertical orifice spacing above, what are the actual flow rates what art the flow rates when the water reaches just below each set of holes?





�


�





Instead of just finding flow rates at head levels just below each row of orifices, we would like to find flow rates at many head levels.  We will find flow rates every tenth of a centimeter.





�








�





�








Alum Regulation


Concentration of stock that is used in Ojojona.


Need to chose a stock concentration. �





�


�	�	�


�


Typically 5mg/L to 50 mg/L dosages of alum is used.


We are going to have dosages from 10-60 changing by increments of 5.


�


�	�	�


� 


Headloss for a long small tube if laminar flow.


�	�	�


Inside Diameter


Outside Diameter is generally 2cm larger than the inside for plastic tubing.


�





When the float goes up how much does the tube drop that is connected to the stiff rotating bar?


For design purposes need the bar to have extra space for the effluent tube.


�


�


The maximum angle that the dropped arm makes with the horizontal starting point should be less than 45 degrees. 


This could be a set point, and the length of the bar could be variable instead. 


�


Final Design Output


�


�


If the plant flow rate is related linearly with the change in height of the float, a function which is being regulated by the weights, then the doses along the bar should have a linear relationship to the length of the bar for the specific does location.


�


The locations of holes along the stiff rotating arm for the alum tube to be plugged into. Distances measured from the hinge (zero point).


�	�





If flow is linear then change in height should be directly a change in flow rate


To see that the dose stays the same for changing flowrate











.


�


�
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