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Available Pipe Sizes in Central America
Problem Definition
After consulting Daniel Colocho, an INFOM engineer in Guatemala, the AguaClara team learned that the available pipe sizes in Central Americaare often different than those available in the United States.  The following sizes are available in Central America:
	ASTM D 2241
	8", 10" and 12" (for SDR 17)

	
	10", 12" and 15" (for SDR 26)

	
	10", 12", 15" and 18" (for SDR 32.5)

	ASTM D 3034 (drainage piping)
	12", 15" and 18"


The 15” pipe is not included in the current AguaClara pipe database of available U.S. pipe sizes. Specifically, the database shows 16” instead of 15”.  This file needed to be updated to accurately reflect the available pipe sizes in Central America. 
Design Details
In PipeDatabase.xmcd, the Straight Pipes Database did not include a nominal pipe size of 15”.  We needed to insert a 15” size into the Pipesizes array.  The UsingPipes array also needed to be updated to include the additional 15” size. Pipesizes is an array of twenty four available pipe sizes and includes both the nominal diameter and actual outer diameter of the pipes.  However, not all of the pipe sizes will be used in the construction of an AguaClara plant.  This is primarily because some of the pipes are more readily available than others.  Therefore, the variable UsingPipesis used to define which pipes will be used.UsingPipes is also used in functions that determine the inner diameter from the nominal pipe size and vice versa.  The pipefittings and Pipesizescoupling matrices needed to be updated as well.  The matrix pipefittings contains fitting specifications for the all twenty four pipe sizes contained in Pipesizes.  pipefittings includes fitting details such as elbow radius, tee length, socket depth, cap height, male adapter lengths, and coupling lengths.
Secondly, we explored the ways in which we could enable the client to have the ability to specify which pipe sizes are available to him. For instance, a client could select “US” or “Central America” pipe sizes via the Automated Design Tool.  Specifying the available sizes will prevent the client from receiving a design with 16” pipes that will later need to be imported from another country. Importing pipes increases the overall cost of the plant, and AguaClara is seeks to minimize cost wherever possible.
Documented Progress
All of the matrices involving the 16” pipe update have been updated in PipeDatabase.xmcd. Nothing was erased from the existing matrices.  Rather, the 15” specifications were inserted into the matrix.The following matrices were modified in the process:

Pipesizes

UsingPipes

MinWallThickness

AvgInnerDiameter

pipefittings

Pipesizecoupling

The Automated Design Tool asks the user to specify the country in which the plant will be built. Once the country is chosen, the variable, Country, and the CountryPipes matrix specify the available pipe sizes. However, looking into the future, it will be very easy to create a user-defined option to choose between 15 and 16 inch pipe sizes, or any other pipes depending on their availability. In terms of coding, the variable Country is only evaluated for the array UsingPipes, which correctly selects the array of available pipe sizes.
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Figure 1. An illustration of how the Country variable and CountryPipes matrix were set up to provide the right UsingPipes array. 
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Coupling Function Updates
Problem Definition
In the Sedimentation Tank AutoCAD script, some couplings are still drawn to a user-specified length according to older functions.  In reality, coupling lengths are dictated by pipe geometries and pipe specifications.  These older scripts need to be updated using the current SUB/SUBF functions and coupling origin conventions.
Through updating these scripts, we aim to standardize the way functions are called in AguaClara code in hopes of enabling future design teams to more easily understand what is being done.  Because the codes are uniform and more efficient, the transfer of knowledge from year to year will be less complicated. Having this in mind, we updated other old functions such as the elbow and pipe functions.

Design Details
Past AguaClara design sub-teams have worked on updating these older functions in other AutoCAD scripts.  This semester, we planned to focus on updating the functions in the Sedimentation tank script SedTank- with pieces.xmcd and eliminate any other  obsolete code.
The scripts in this file are drawn independently from each other, but use many common variables. We did not intend to change the specific sub-scripts’ inputs or outputs, but rather, the ways in which the functions are called and code is written. To avoid confusion and possible errors in other scripts and codes, we used the same input variable names and provided the same outputs in the same format. The scripts and functions that had to be updated included the following:
influentmanifoldscript
inletpipescript
SedLaunderscript
Sedtankinletchannelscript

CouplingIDsocket
Lastly, examples of updated AutoCAD scripts can be found in Entrance Tank.xmcd and floctank.xmcd. The scripts and functions, FlocCoupling.origin, FlocTankDrainCouplingScript, RMExitCoupling.origin, MakeCouplingEtDrainsRight, had previously been updated to include the new functions and coupling origin conventions.
Documented Progress
We began rewriting influentmanifoldscript in SedTank- with pieces.xmcd using the new functions, CouplingF and PipeF. We needed to find the old function, couplingIDsocket, to see how the coupling was being drawn. The old script was located in adapter.xmcd and took (OriginPoint, ID.socket, Length of Coupling, EN) as its inputs. We replaced couplingIDsocket with CouplingF(OriginPoint, AngleVector, ND, EN).  In doing so, we looked at iccoupling.origin to identify how the coupling was located in the drawing. The coupling length is no longer user-defined, in this case, equal to the thickness of the entrance channel wall, but rather, by the actual coupling length which is a function of the nominal diameter of the pipe in the sedimentation tank. The origin point for the CouplingF function is slightly different from the old one in the z-direction; the origin lies within the socket instead of the end of the coupling. The z-coordinate of iccoupling.origin was changed according to the new function. Also, we updated the manifold function, “manpipe(Pipe,” with PipeF(OriginPoint, Length, AngleVector, ND, EN). 
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Figure 2. The coupling length should not be the thickness of the entrance channel wall.  Rather, it is a length specified by the nominal diameter of the inlet pipe.

In inletpipescript, we updated pipe to PipeF to draw the inlet pipe. The only significant change made to the function’s inputs was the length of the pipe, which was just the distance between the coupling origin and the elbow origin.

For the sedtankinletchannelscript, the primary task was to assess the effects of the new iccoupling.origin. To start, we drew the channel both before and after changes were made to iccoupling.origin and we noticed that the old script drew the coupling as two cylinders unioned together.  So, we removed this inefficient code and replaced it with the CouplingSUBF function.  The function inputs were: CouplingSUBF(iccoupling.origin, (0,90)deg, ND.SedManifold, EN.PipeSpec, “channel”).

Although we thought we were supposed to update SedLaunderscript, May informed us that this script is being updated by someone else.  Since there are no additional couplings issues to address in SedTank- with pieces.xmcd, we decided to update the elbow and cap functions in influentmanifoldscript as well. 
Already confident in updating old codes, we did not have much trouble changing the cap and elbow functions. Cap was changed to CapF by making its origin compatible with the top view instead of the right view. The same origin change method was used for the elbow function, which was updated to ElbowF. 
Inlet Manifold
Problem Definition
This task involved two parts.  First, in the Sedimentation Tank AutoCAD script, we needed to add a flexible coupling to the inlet pipe based on the new inlet manifold design.  This flexible coupling will make it possible to remove the inlet manifold given the tight space constraints in the sedimentation tank.  The ultimate goal is to enable the manifold to extend the entire length of the sedimentation tank.  This is not possible without the flexible coupling.

[image: image3.png]TRTEN s Feeraey|

Annotate _Parametric

Sran | Frop
borbit - | (P ottom
@tents - (Lo

Navigate Views

AutoCAD 2010 - EDUCATIONAL VERSION.  DrawingLdwg

Mansge Output _bxpress Tools &
| & Previous View [ 1 1218 || 7o Jsaverens O [ @] & B8] [
~| RS Named Views | % 1% % L2 18 Show UCS Icon at Origin - TEOP | o pores shetce B o
< [ Viewcube] | 12 12/18 (12 LB UCS Icon Properties R Named B soin | palettes Manager [ (%3 | Windows~

Paleties

Viewports

Coordinates

L

| RV T TR T T

3 Tie Horizontally | /. o, Drawing Status Bar

[0 Tie Verticall ‘ (55 Window Locking -
B Cascade gar * [E] Text Window

Windows

4[> [\ Model { Layout1 [ Layou2

Command:
snortcut-menu.

Command: *_pan

"_3dorbit Press ESC or ENTER to exit, or right-click to display

531PM

I RaEEE T

S/10/2011 | |





Figure 3. New inlet manifold coupling design.

Secondly, inlet manifold port drop tubes needed to be added to the manifold orifices to prevent large flow circulation in the sedimentation tank.  To do this, we needed to elevate the inlet manifold and add a ledge to support the end of it.  The orifice diffusers were the next pipe size larger than the ports and were to be at least four times as long as their inner diameter.  The open space between the end of the diffusers and the sedimentation tank drain cover was to be two times the inner diameter of the diffusers. 

Design Details
A flexible coupling was added between the elbow and the inlet pipe in the inletpipescript in SedTank- with pieces.xmcd.  A smaller pipe was also added to fit between the elbow and the flexible coupling.  Because the flexible coupling allows for ease of installation, the inlet manifold can extend the entire length of the sedimentation tank.  A cap was added to the end of the manifold.

For the inlet manifold diffusers, we needed to add a variable to define the elevation of the manifold and determine a way to add a small pipe of specified length to each orifice in the manifold. 

Documented Progress

Flexible Coupling
In inletpipescript, we added a flexible coupling right after the inlet manifold elbow.  The flexible coupling was drawn in its own layer using the function, FlexCouplingF(OriginPoint,AngleVector,ND).  This function can be found in the Adaptor file.  

Then, we added a smaller pipe, Flexpipe, to join the elbow and the flexible coupling.  The length of this pipe is equal to the socket depth of the elbow plus the socket depth of the flexible coupling. When all three components are drawn, the pipe cannot be seen, as it is essentially hiding in between the elbow and the flexible coupling.  Next, the length of the inlet pipe itself was shortened by the length of this smaller pipe.  Because of the insertion of a flexible coupling also resulted in a shift of the inlet pipe’s origin along the z-axis.  The Flexpipe origin remained the same as the former inletpipe’s, but the new inletpipe origin shifted by a distance equal to the length of Flexpipe.
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Figure 4. The flexible coupling is connected to the elbow using a small pipe.

Then, we worked to extend the influent manifold into its cap.  We encountered an issue with the manifold cap because, though it was defined in the influentmanifoldscript using capF, it was not drawing in AutoCAD.  To address this issue, we created a new “manifoldcap” layer and changed the cap’s color to yellow.   Because the yellow cap was still not drawing, we realized that, given the way the cap origin was previously defined, it was drawing “inside” the manifold pipe and might have been deleted somewhere in the code.  So, we took a closer look at the cap origin and discovered that there was a much simpler way to define its location.  As is done for many other components throughout SedTank- with pieces.xmcd, we created a new variable InfluentManifoldCap.Origin which used the plant origin and manifold pipe origin as its coordinates.

After drawing the entire sedimentation tank, we discovered that, while the yellow manifold cap was drawing in the correct location, the end of the cap was extending just outside the tank wall.   This was because we had not accounted for the thickness of the cap wall.  Therefore, we defined a new variable, T.ManifoldCap, to describe the cap wall thickness.  The cap wall thickness was subtracted from the x-coordinate of the InfluentManifoldCap.Origin so that the cap fit flush against the tank wall.  As such, the length of manifold pipe also needed to decrease T.ManifoldCap so that the manifold pipe fits perfectly into the cap.  The new layer, “manifoldcap” was added to the Sedtankarrayscript so that it appears on every influent manifold in the tank.  

[image: image11.png]oo | o
borbit - | (P ottom
@tents - (Lo

Navigate

Views

View

utoCAD 2010 - EDUCATIONAL VERSIO!

| @ Previous View | L. 1210 || (Fright

Y Named Views | [%, % [ L2 L Show UCS lcon s Origin -

[ Viewtube]

12 12 18] 12 LB UCS Ieon Properties

Coordinates.

B Named
Viewports

dw
"l

-Bcie
5 Join

SetViewports < [ New

Tool
Palettes

e

]
%6

Properties  Sheet Set

[
df
Switch

3 Tie Horizontally | /. o, Drawing Status Bar

[0 Tie Verticaly

Manager [ (%3| Windows~ B Cascade

Palettes

Windows

Status

(8 Window Locking +
Bar  [£] Text Window

Unnamed

[ Command:
snortcut-menu.

Commana: *_pan

W 40> 1M\ Model { Layoutt
Sdorbit Press ESC or ENTER to exit, or right-click to display

Layout2




[image: image5.png]‘AutoCAD 2010 - EDUCATIONAL VERSION  Drawing12.dwg

B Csearemy

Dl [Fie eae seod | S pan | g7op +| @& Previousiew | L[ 12]18 | TTop < B Set Viewports = [ New < [0 S TieHoriontaly | /o Drawing Status Bar

= e ot « | Bottom < T Named Views [ % [% [ L] 2 Show UCS Icon atOrigin ~ CBOR | o e DN T versaly 7 Window Locking -

: ool Propertes  Sheet e it s

)] | | B | @ exents - |Ler =/ [0 Viewcube] | 12/12 18 L2 LB UCS lcon Properties R Named E5 Join | Palettes Manager Windows " By Cascade Bar ™ [K] Text Window

o] [T T | nevigee Views Coordinates - Viewports Palettes Windows I
, EE
5 Eeg

inletpipescript =

4[> [\ Model { Layout1 [ Layou2

Command: '_sdorbit Press ESC or ENIER to exit, or right-click to display
snortcut-menu.

Command:

Press FL for help.

e v m

4182011 | |





Figure 5. The manifold pipe and cap.

Manifold Diffusers

This second task involved raising the manifold, creating a ledge to support the pipe, and adding drop tubes to the manifold orifices in order to prevent large flow circulations.  

After drawing the original script, we noticed that the manifold pipe was slightly short from the wall about 0.14 m. We went into the Sedimentation_Tank.xmcd file and we successfully extended the pipe without taking the cap height into account.  Now, the L.SedManifold = L.Sed-W.InletChannelEst/2.  After these changes, the pipe successfully extended to the sedimentation tank wall.

In order to raise the manifold pipe, we added a variable, Z.SedManifoldLift := 10 cm to the  Sedimentation_Tank.xmcd file.  Then, we offset the manifold height, Z.SedManifoldPipe, by Z.SedManifoldLift .  With these changes, we successfully elevated the manifold by 10 cm.  However, this 10 cm was an arbitrary number used to test the elevation process.

Next, we added diffusers to each of the orifices.  We recognized the diameter of the ports by measuring it on AutoCad and the measurement was 1.417 in.  We created two new variables in the Sedimentation_Tank.xmcd file: D.Diffuser, to represent the inner diameter of the diffuser, and L.Diffuser., to represent the length.  We found the diameter of the diffusers using D.SedManifoldPort and identifying the diameter of the next pipe size. Then, as requested, we set the length of the diffuser equal to four times its inner diameter.  Z.SedManifoldLift was then changed to be six times the inner diameter of the diffuser.  Then, we drew the diffusers in influentmanifoldscript in SedTank-with pieces.xmcd.  The diffusers were drawn using PipeF and were arrayed just like the manifold ports.

Lastly, we added a ledge to support the end of the inlet manifold, now raised by a distance Z.SedManifoldLift. The ledge was added to Sedtanktankscript and was drawn as a box using BoxF.  The ledge’s thickness is the same as the previously built launder ledge and its length is the inner width of the sedimentation tank. We decided to add the manifold ledge to the sedimentation tank as opposed to the influentmanifoldscript because it is more of a structural component of the tank that it is a pipe. The ledge is located directly below the inlet manifolds, a height of Z.SedManifoldPipe from the plant origin.
Figure 6. The useful dimensions of the inlet manifold drop tubes.
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Figure 7. The elevated inlet manifold with the edge and diffusers.
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Figure 8. An overhead view of the inside of a sedimentation tank with two tanks and two bays.  The yellow cap and launder ledge draw successfully.
Tank Drains

Problem Definition
The flocculated and settled water channel drains need to be redirected so that they empty into the drain channel, instead of going away from the sedimentation tank.

Design Details
For this task, we will attempt to add a pipe stub, and elbow to each valve drain.  The elbow should be pointed at a 45 degree angle so that the discharge is directed downstream in the drain channel. Also, we’ll be fixing the position of the valve and create a function that returns the socket depth of the valves given a determined diameter.

Documented Progress

First, we needed to define a new variable to represent the socket depth of the drain valve.  Hence, we created the function ValveSocket(ND), which returns the socket length of the valve given the nominal diameter of the connecting pipe. The function uses the ratio of the socket depth to its diameter in the "VAL-Scaled-Gate-Valve-Threaded" drawing. ValveSocket(ND) was created in PipeDatabase.xmcd, next to ValveLength(ND), another useful function that returns the length of the valve. 
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Figure 9. Conceptual drawing of the valve, displaying its useful dimentions.
Next, we needed to add an elbow at the end of the valve in order to redirect the discharge downstream.  This was done in SedDrainValveScript.  Because both the elbow and the valve have the same inner socket diameter, a small pipe needed to be added in order to join the two.  The pipe, drainpipe was created in a separate layer, “DrainPipe”.  The pipe’s length is equal to the socket depth of the valve plus the socket depth of the elbow.  When drawn in its entirety, you cannot see the pipe stub because the valve and the elbow are flush with each other.
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Figure 10. Updated and redirected drain 

Then, the drain elbow, drainelbow, was drawn in a separate layer, “DrainElbow”.  The elbow’s origin was located a coupling length distance from the edge of the valve drain.  The elbow was rotated -90 degrees about the z-axis and 225 degrees about the x-axis in order to redirect the flow “45 degrees downward”.  

Lastly, the layers, “DrainPipe” and “DrainElbow” needed to be thawed and frozen in the Sedtankarrayscript so that the components draw on each of the drain valves in the sedimentation tank. 
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Figure 11. Conceptual drawing of the new drains, displaying the proper orientation
Manifold length adjusted for the thickness of the wall cap.





 L.Diffuser= 4*D.Diffuser





D.Diffuser = next size of D.SedManifoldPort





Diffusers





Ledge





Drain pipe with a length equal to the valve socket depth plus the elbow socket depth.








