PPipe
Programs to Calculate the Friction Losses in Pressure Pipes for Newtonian Fluids
PPipe is a set of programs created for the HP 48GX that can be used in the HP 49 series calculators, including the HP 50G. 

I wrote the program as an aid to help me check the results of more sophisticated pump station software and other pressurized fluid applications (mainly for Newtonian fluids, with less than 3% solids). Due to the complex nature of pump station design, the programs herein are intended as an aid to check calculations; they are not intended to be used directly for design.
The two main program components are DW> for the use of Darcy–Weisbach and HW> for Hazen-Williams. Other applications like > to determine the material friction factor and mHF> to determine minor (local) friction losses in the system are subprograms of the DW> program but can be run independently to attain a partial analysis of the system. 
In addition to the above a folder ‘(pPIPE’ contains equations that can be used to evaluate parallel pipe assemblies through the HP calculator SOLVER.
The best way to understand a program is through an example; the following is a walk through of such an example:

Example 1: Darcy–Weisbach
1. Once you download PPipe on your calculator and open the folder in your device you will have the following soft-key menu. 
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The DAtA file contains instructions on the program, the instructions are as follows: 

A. First Message Box; “Use compatible units”, this is only needed for DW> (i.e. feet, seconds, cfs), the HW> program will tell you what units it requires. The box also indicate that the viscosity of the liquid (for DW>) is in area divided by time units.
B. Second Message Box; “Drawn Tube refers to brass, lead, glass, spun cement, bitumen and transite pipes”.
C. Third Message Box; “ADCI refers to asphalt dipped cast iron”.

2. Make sure the calculator is set for RPN. Press the DW> soft-key to run the Darcy–Weisbach program. Choose ‘Cast Iron’ from the popup menu. 
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3. You will be prompted to choose the linear units you will be working with (mainly for the friction factor calculation), insert 1 for units in ft.
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4. The program will prompt you to insert the design parameters of the pipe, insert V=3.0-fps (from a Q=4.2-cfs), D=1.3-ft (16-in. pipe, this can be an equivalent diameter from another cross section with the same hydraulic radius), L=11,320-ft (pipe length), n=9.6e-6-ft^2/sec (Kinematic Viscosity. You can press [NEXT], [Reset] and [Reset value] to automatically attain this value for water), e=.00085-ft (pre-calculated for cast iron pipe, you can edit this value), g=32.2-ft/sec^2 (originally shown as 9.81-m/sec^2, you can reset this value as explained above for “n”) and [ENTER].
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5. The program will ask you if you want to calculate local losses, insert 1 to indicate “Yes” you want to calculate minor losses in the system.
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6. Now the program will allow you to input the quantity of each fitting that will be considered in the calculation to provide a local loss in the system. For clarity a list is provided below describing each element and the quantity used in the example. Please note that the item labeled as ‘OTHER’ allows you to input the loss coefficient “K” for one (or more) elements not listed in the input screen. Press [ENTER] when finished.
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Qty:

4
90 DEG PIPE BEND

10
45 DEG PIPE BEND

1
TEE, STRAIGHT THROUGH

0
TEE (Y), BRANCH TO LINE

0
ENTRANCE, INWARD PROJECTING

0
ENTRANCE, SHARP CORNERED

1
ENTRANCE, BELL MOUTH

0
ENTRANCE, SLUICE GATE

0
GATE VALVE

0
BUTTERFLY VALVE

1
SWING CHECK VALVE, SPRING LOADED

2
PLUG VALVE, ECCENTRIC

0
90 DEG TURN IN FLUME

1
EXIT

1 
VARYING DIAMETER SECTION: (*)
0
FOR A REDUCER

1
for AN INCREASER (EXIT)

7. The program will now require you input five parameters to calculate the lossess in the increasing section of pipe (*). Input the following data: Length 2-ft, Diameter Out 1.33-ft, Diameter In 0.66-ft, Velocity In 12.03-fps and Velocity Out 3.00-fps; Insert 2 [SPACE], 1.33 [SPACE], .66 [SPACE], 12.03 [SPACE] and 3 [ENTER]. 
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8. The calculator stack should appear populated with all the output data for the calculation. Please scroll up the stack to see all the output.
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Example 2: Hazen-Williams
1. Make sure the calculator is set for RPN. Press the HW> soft-key to run the Hazen-Williams program. The program will prompt you to insert the design parameters of the pipe, insert Q= 1885.091-gpm (from a Q=4.2-cfs), D=16-in. (this can be an equivalent diameter from another cross section with the same hydraulic radius), L=11,320-ft (pipe length), C=120 (typical C values are 100 for DIP, 120 for PVC and 140-150 for new pipe. Remember that in pump stations you should always compare the highest and lowest system curves to the operating pump curve limits), e=.00085-ft (pre-calculated for cast iron pipe, you can edit this value), g=32.2-ft/sec^2 (preset value) and [ENTER].
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2. The program will ask you if you want to calculate local losses, insert 1 to indicate “Yes” you want to calculate minor losses in the system.
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3. Now the program will allow you to input the quantity of each fitting that will be considered in the calculation to provide a local loss in the system. For clarity a list is provided in Step 6 of Example 1 describing each element and the quantity used in both examples. Please note that the item labeled as ‘OTHER’ allows you to input the loss coefficient “K” for one (or more) elements not listed in the input screen. Press [ENTER] when finished.
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4. The program will now require you input five parameters to calculate the lossess in the increasing section of pipe (*). Input the following data: Length 2-ft, Diameter Out 1.33-ft, Diameter In 0.66-ft, Velocity In 12.03-fps and Velocity Out 3.00-fps; Insert 2 [SPACE], 1.33 [SPACE], .66 [SPACE], 12.03 [SPACE] and 3 [ENTER]. 
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5. The calculator stack should appear populated with all the output data for the calculation. Please scroll up the stack to see all the output.
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Note that the difference in total head loss between the two examples corresponds to the different friction loss coefficients used in each method. Equivalent values for the Hazen-Williams C factor and the friction loss factor used in Darcy–Weisbach can be found in literature. For example you may find that a C=122 corresponds to an e=0.0013124, or that a C=96 corresponds to an e=0.009843. However keep in mind that these relationships also depend on other parameters (e.g. pipe diameter among others) and are entirely empirical. 

Always remember “Working a computer program does not make you an engineer” & “There is no substitute for good engineering judgment”
The source code is open in case you would like to employ the algorithms in your own program or customize the input or output. 
I hope you find the program useful.

Best regards,
Bryan R. Osborne, PE

Black50g@gmail.com
