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	This appendix serves to fully explain and detail the four different design options outlined in the final report.
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[image: image30.jpg]PVC Pipe Fittings Size (Dimensions

PVC Pipe Fittings Size Chart

Schedule 40 Class 200
Fitting ID = Pipe OD. ASTM D1785 ASTM D2241
Fitting Size | Tolerance +/- 01"/ 25mm o e
Goches, millimetes) | I0" | e DA it
Tnches Tnches
1 840 (75", 21 336mm) 622 |.109 0716 | 0062
3u° 1.050 (-1, 26.670mm) 824|113 0930 0060
IS 1315 (1516 S3400mm) (1049 | 133 1189 0063
1140 1660 (-1-55", 42.16:mm) 138 | 140 1502 0079
112 1.900 (175", 45 260mm) 1610 |.145 1720 0090
2 2375 (258, 603mm) 2067 | 154 2149 (0113
212 2875 (278, 00smm) 2469 | 203 2601 0137
3 3.500 (112", 85.900mm) 3068 | 216 3166 | 0167
¥ 4500 (12, 114300mm) (4026 | 237 4072 0214
5 5563 (512, 141500mm) | 5047 | 258 = =
6 6.625 (655", 168275mm) | 6.065 | 280 5993|0316
3 8625 (658" 200075mm) | 7961 | 332 7740|0410
10 10750 (105/4", 273.050mm)  (9.976 | 363 9650 (0511
e 12750 (12347, 323.850mm) | 11890 | 406 11450 | 0606

P
D and wall thickness can vary from 2% to 10%. Only the pipe OD s held to tolerance. Pipe ID willvary, even along a single piece of pipe.

(Chart and HTML copyright PVCFittings.com 2004-2010)
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The important ratio to conserve is,
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Another ratio to consider is the inner diameter of the 

diffuser to the inner diameter of the manifold:
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Referencing Chart 1 above, there is a PVC pipe with an inner 

diameter of 2.067”.  To determine the length needed for each diffuser, 

use the above ratio:
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Therefore, the design specs of each diffuser for a manifold 

with a 6” inner diameter should be:

	Inner Diameter
	2.067”

	Length
	8.18”

	Ratio conserved?
	2.067/8.18 = 0.2527 YES!

	PVC
	2”, Schedule 40









As previously mentioned, the concern with this design is procuring a strong seal between the Tee and the manifold.  There are two options that can be experimented with to determine which provides the strongest seal.








Appendix B

Tapered Spacing Design Solution

Why do we need tapered spacing?

Tapered spacing will eliminate the existence of pressure recovery. Pressure recovery occurs due to low flow rate in the end section of the inlet manifold, which causes higher pressure difference between in and outside of the manifold. This ultimately causes higher flow rate out of the ports on the end compared to the beginning section of the manifold. However, if we have more ports towards the end of the manifold, we will be able to force a uniform flow out of these ports by balancing out the flow through the manifold. 

How do we calculate spacing?

The pressure recovery results suggest a simple solution.  Specifically, modifying the regular spacing of outlets can modified to create even flow across the tank using the formula:

Δxi = Δxaver*(QTr/(NQi))  (equation 1)

Where:

Δxi = spacing of orifice i

Δxaver = average outlet spacing (from design tool)

QT = Total flow through the manifold

N  = Number of orifices  

Qi = calculated flow through orifice i (from pressure recovery calculation)  

Example Calculation

	 
	Design Tool

	For a maximum flow, Qmax, of
	3
	L/s

	 
	0.003
	m3/s

	Diameter of Manifold Pipe, D
	0.1524
	m

	Maximum Velocity in Manifold, Vmax = 4*Qmax/(π * D2)
	0.1645
	m/s

	Cross-sectional Area of Manifold Pipe, A
	0.01824
	m2

	Spacing of ports, B
	0.1
	m

	Port diameter, d
	0.0383
	m

	Cross-sectional Area of Port, a
	0.001152
	m2

	No. of Ports, n = A/a assuming the ideal ratio of 1
	15.83 ≈  15
	 

	Length of Manifold Pipe, L = (n-1)(d) + (n-1)(B)
	1.9362
	m


	Scaled down delta Xavg
	1.1525
	cm
	Scaled down Q.total
	4784
	cm3/min
	
	
	
	

	Orifice
	V (m/s)
	V2/2 (m2/s2)
	Velocity head loss (cm)
	Static Head Drop (cm)
	Net Loss (cm)
	~P at orifice (cm)
	Calc flow (cm3/min)
	scaled downed delta X (cm)
	delta X (cm)

	0
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	0.498
	0.12400
	1.27E+00
	6.19E-03
	1.27E+00
	3.028
	284.8
	1.3
	15.485

	2
	0.465
	0.10802
	1.10E+00
	5.45E-03
	1.11E+00
	3.192
	292.5
	1.3
	15.082

	3
	0.432
	0.09314
	9.50E-01
	4.74E-03
	9.55E-01
	3.345
	299.4
	1.2
	14.734

	4
	0.398
	0.07936
	8.10E-01
	4.09E-03
	8.14E-01
	3.486
	305.6
	1.2
	14.433

	5
	0.365
	0.06669
	6.80E-01
	3.48E-03
	6.84E-01
	3.616
	311.3
	1.2
	14.171

	6
	0.332
	0.05511
	5.62E-01
	2.91E-03
	5.65E-01
	3.735
	316.3
	1.2
	13.944

	7
	0.299
	0.04464
	4.56E-01
	2.39E-03
	4.58E-01
	3.842
	320.8
	1.1
	13.748

	8
	0.266
	0.03527
	3.60E-01
	1.92E-03
	3.62E-01
	3.938
	324.8
	1.1
	13.579

	9
	0.232
	0.02700
	2.76E-01
	1.50E-03
	2.77E-01
	4.023
	328.3
	1.1
	13.435

	10
	0.199
	0.01984
	2.02E-01
	1.13E-03
	2.04E-01
	4.096
	331.3
	1.1
	13.314

	11
	0.166
	0.01378
	1.41E-01
	8.02E-04
	1.41E-01
	4.159
	333.8
	1.1
	13.214

	12
	0.133
	0.00882
	9.00E-02
	5.30E-04
	9.05E-02
	4.209
	335.8
	1.1
	13.134

	13
	0.100
	0.00496
	5.06E-02
	3.10E-04
	5.09E-02
	4.249
	337.4
	1.1
	13.073

	14
	0.066
	0.00220
	2.25E-02
	1.46E-04
	2.26E-02
	4.277
	338.5
	1.1
	13.030

	15
	0.033
	0.00055
	5.62E-03
	4.02E-05
	5.66E-03
	4.294
	339.2
	1.1
	13.004
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Appendix C

Design Suggestion on Launders
 

Determining equation for launders
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Using the equation above, we have verified that there should only be a small pressure difference across the top of the tank, such that launders are not required, as depicted by Figure 1.


 

Figure 1: Cross sectional Schematic of Launder-Less Sediment Outflow above the plate settlers (not drawn)
 

Calculation

Using equation 1:
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· V.ds assuming water 10 cm above the surface of the top baffle with channel width of 1 m

· V.us is zero because it is against the closed wall, past the last plate

· Assume open system making h.m and h.f zero 

We can only decrease h by decreasing Vds. But since Vds depends on flow rate and the area beneath our "triangular prism of water", we can see that the angle of elevation will become insignificant when Awall is large.

 We therefore conclude that the pressure difference from one end of the tank to the other is only on the order of 5/1000ths of a cm – very low indeed – assuming smooth flow – so the difference in head across the top of the plates is small, which helps us to see that launders are not necessary.

 
Appendix D

Increasing the Diameter of the Pipe
	Design Parameters
	6” Pipe
	8” Pipe

	Number of Orifices in the Manifold
	15
	
	18
	

	Maximum flow, QMAX
	0.003
	m3/s
	0.003
	m3/s

	Diameter of Manifold Pipe, D
	0.1524
	m
	0.2032
	m

	Cross-sectional Area of Manifold Pipe, A
	0.018241
	m2
	0.03243
	m2

	Maximum Horizontal Velocity in Manifold, VHX
	0.16446
	m/s
	0.09251
	m/s


Table 1. Comparison of the characteristics of a 6" and 8" pipe

Why increase pipe diameter and increase number of orifices?
1) Decrease horizontal velocity in the pipe, since VHX is inversely proportional to D
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	Where: 

VHX = Horizontal velocity in the pipe at location “x” 




Reducing the horizontal velocity will reduce the horizontal velocity component of the flow leaving the orifice. This will reduce the circular flow effect.

2) Decreasing VHX decreases the pressure difference between the first and last orifice, because 
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	Where:

hX = pressure head at pipe horizontal position “x” 

g = gravitational constant (980 cm/sec2)


When VHX is decreased, the difference in velocities at each port will be reduced and correspondingly, the difference in head will be decreased.

3) Increasing the number of orifices decreases the vertical velocity of the exiting jet
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	Where:

VYX = Vertical velocity in the pipe at location “x”

QN(X) = Flow rate through orifice “N” at position “x” along the pipe

Aorifice = Area of the orifice

c = orifice constant (c = 0.61 assumed for a “straight-edge” orifice)




Spreadsheet calculations show that QN(X) is smaller for every orifice “N” in an 8” manifold, so VYX is reduced at every orifice.

4) Potential for floc break-up decreases since the exit velocity is decreased 
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	Where:  

VX = Exit velocity at the orifice (at any position x along pipe)


Energy dissipation rate varies by the cube of this exit velocity, so reducing the exit velocity will significantly reduce the energy dissipation rate of the flow leaving the orifice. Correspondingly, the potential for floc break-up will be reduced.

How can this be constructed?

The 8” manifold pipe can be connected to the original 6” fittings with an 8 x 6 reducer either before or after the elbow that connects the vertical feed pipe to the horizontal inlet manifold. This will affect the size of the elbow required. If Figure A is the selected design, care should be taken to ensure that the orifices of the inlet manifold are still centered under the plate settlers.
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Chart 1. PVC & CPVC (Belled End) Couplings and Reducer Couplings from

http://www.pep-plastic.com/manufacturers/plastinetics/d-couplg.htm
The Caterpillar design connects straight PVC tubes at each port to allow the flow to enter the tube and then be split and redirected out either side.  The flow traveling the length of the diffuser results in straight flow out of each diffuser with NO horizontal component.





Outer diameter: 6.5 mm


Inner diameter: 4.8 mm


Length: 1.9 cm








Figure 2: Model Caterpillar, scaled down by 12





Chart 1: PVC Pipe Fittings �HYPERLINK "http://pvcfittings.com/PVCFittingsDimensions.shtml"�http://pvcfittings.com/PVCFittingsDimensions.shtml�





Figure 1: Sample Diffuser used in the model Caterpillar





Drill a hole with diameter = 1.25” if pipe diameter =1.5”





DRILL





How to construct the diffusers:


STEP 1


Start by drilling a hole at the midpoint on the length of the diffuser.  The hole should be of a slightly smaller diameter than the diameter of the pipe (i.e. if using a 1.5” pipe, drill a 1.25” hole)


STEP 2


Next, use a band saw to expand the hole outwards to account for the 6” manifold that will need to sit in its crease.


HINT: a regular size paint can is approximately 6.5” in outer diameter and can be used as a guide.  Use template attached as a guide.











STEP 1: Side view





STEP 2: top view





SAMPLE


TEMPLATE





Figure 3: Model diffuser with cut out





Figure 4: Model diffuser with zoomed in view of cut out





Figure 5: Picture of how a diffuser will attach to a manifold





The Tee design modifies the Caterpillar design slightly by connecting a “Tee” PVC connector at each port.  This design provides increased uniformity, but also slightly increased price.  The challenge associated with the Tee design may be securing the connection between the Tee and the manifold.





Figure 1: schematic of the Tee design





Figure 3: Standard PVC Tee fittingsdo not provide the diameter-to-length ratio that is required to straighten the flow.  Therefore, added pieces of PVC pipe may need to be added to extend the Tee to the appropriate length, forcing straightening of the flow.





Figure 2: a 1” PVC Tee Fitting





Apply cement here and here!





NOTE: the inner pipe coming out of the Tee should be just long enough to attach to the inside of the manifold port without sticking into the flow zone.  We want this inner pipe to provide more surface area for a tighter seal, we do not want it to impede the flow or provide a ledge for sludge to settle out on.





Construction Option 1:


Put a smaller piece of pipe into the central pipe to connect it to the manifold port.  This increases the surface area that can have solvent cement applied to it: coat the rim of the Tee and the inner pipe that will meet the inside of the port.





Construction Option 2:


Glue the “Tee” directly to the manifold.  This provides only the top ring of the PVC pipe to secure to the curve of the bottom of the manifold.
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8”





Figure A: 


Reducer installed after elbow





Figure B: 


Reducer installed before elbow








