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We also will need N— { equations by applying the conservation of mass equation at each node. For the i*" node,

out

In summary, the € loop equations and N — € node equations are the following:

F=+ Z fi— DsQlez Zf] 2 DSQ]|Q]|

against along
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out in
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We need to find the value of the flowrates that make all N equations almost equal to zero.
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Part 2: Problem statement

For the given pipe network, determine the magnitude and direction of the flowrate Q (m3/s) through each branch.
Note there are three independent loops (L, II, III).

2.2 m3/min

Infiow
25 m3/min

0.5 m3/min

1.5 m3/min

14 m3/min 2.3 m3/min

Note: The flowrates in the diagram are m*/min. You will need to convert them to m/s.
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Step A: Write the following information on paper, which you will scan and upload to Blackboard.
o Page 1: Draw the direction and magnitude of your initial guesses of the flows along each branch.
* Page 2: Label each loop and node, and write out the loop and node equations (the F vector).
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Step B: MATLAB code
1 will run MATLAB code that looks similar to the code below (don’t include this code in your function):

clc; clear;

% The user inputs the roughness of the pipes, kinematic viscosity of the fluid, and termination
% criterion. I will use different values when testing your code.

dens = 999; % fluid density, kg/m"3
visc = le-3; % fluid viscosity, N s/m*2

rough = 0.045/1000; % absolute roughness of commercial steel pipe, m
eps = 1E-5; % tolerance

% The flowrates in RootFinder P2.m should be a horizontal vector when output.
Qstudent = RootFinder_P2(dens, visc, rough, eps);

% The transpose operator converts Qstudent into a column vector.
Qstudent = Qstudent';

% For comparison with my solutions

% I will make an M-file named Qinstructorcode.m
Qinstructor = Qinstructorcode (dens, visc, rough, eps);
Qinstructor = Qinstructor';

compare = [Qstudent, Qinstructor]; % Combines arrays for side-by-side comparison
disp ('Student Instructor')
disp (compare)

Your job is to create an M-file named RootFinder_P2.mthat contains a function named RootFinder_P2. This
function calculates the flowrates in each branch using the modified secant method. The M-file starts with the

following line of code:
function [Q] = RootFinder P2(dens, visc, rough, eps)

The input arguments are the roughness, kinematic viscosity, and tolerance used for ending the program. The output
argument is an array Q that contains the flowrates in each branch.

The termination criterion is [[F|| < eps
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You may use the Haaland equation to calculate the friction factor for each pipe.

Using the above values for density, viscosity, and absolute roughness, here are a couple answers for the pipe network
so you can check if you completed the assignment correctly:

Pipe Al (top pipe): Flow is to the left, 0.1387 m*/s into node I

Pipe GF (bottom pipe): Flow is to the left, 0.1187 m%/s into node G

Note: You may want to create sub-functions within RootFinder_ P2.m to help you organize your code.

Your program also will generate one graph with two subplots:
* The top subplot will graph the value of Qar (top pipe) at each iteration.
* The bottom subplot will graph the Euclidean norm ||F|| at each iteration.
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Euclidean norm vs iteration number
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Note: Your curve will vary based on the initial guesses for the flowrates and the arguments sent to the function.

What you will turn in

You will submit the following items on Blackboard:

(1) Two M-files
® For Part 1: An M-file named RootFinder_P1.mthat contains the function RootFinder_P1. If the roots
calculated by bisection, Newton-Raphson, and Secant methods are correct, you will receive 8 points. If the plot of

iter vs eps looks correct, you will receive 2 points.
® For Part 2: An M-file named RootFinder_P2.mthat contains the function RootFinder_P2. If the flowrates

calculated by the modified secant method are correct, you will receive 10 points.

(2) Hand-written derivation of the expression for dy (£r) (the derivative of y (£r) ) from Part 1. It's annoying, but
that’s the point. If you do not turn this in, -2 points will be deducted from your score.

(3) The two pages discussed in Step A of Part 2. If you do not turn this in, -5 points will be deducted from your score.
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Goal
Part 1: Build a MATLAB program that calculates the solution to one non-linear equation using the bisection method,
Newton-Raphson method, and secant method.

Part 2: Build a MATLAB program that solves a set of a non-linear equations using the modified secant method.

Part 1: Background
The loss of mechanical energy in straight pipes due to friction is represented by the major head loss term,

8L
hy, :ﬁleQl

where fr is the dimensionless friction factor, L is the pipe length, D is the pipe diameter, Q is the volumetric flowrate
through the pipe, and g is the gravitational acceleration.

There are two important dimensionless parameters that impact the value of f:

4
« The Reynolds number, Re = %‘: , where p s the fluid density and u s the fluid viscosity.

« The relative roughness, &/, where s is the absolute roughness of the pipe wall.

For laminar flows (Re < 2300), /- can be predicted from theory and is only a function of Re: fi- = 64/Re
For transitional flows (2300 < Re < 4000), there is no accurate method for calculating fr.

For turbulent flows (Re > 4000), f is a function of both Re and &/D. Unfortunately, fr cannot be predicted from
theory for turbulent flows. A common approximation for f, which is empirical, is given by the Colebrook equation,

¢/D 251
—20loguo 3=+ =
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You cannot rearrange the Colebrook equation to get an analytical solution for f (try it if you feel like wasting your
time). However, you can rearrange the equation into the form y(fr)=0,

1 e/D 251
y(fr)—‘m+2.010gm( >70

37 " ReJfr

Now all you need to do is find the value of /i that makes y( /) = 0. No problem... right?
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Part 1.1: Program Details

I will run the following MATLAB code (you don't include code this in your program):
clc; clear;

dens = 999; % fluid density, kg/m"3
visc = le-3; % fluid viscosity, N s/m*2

d = 0.25; % pipe diameter, m

Q=0.05 % volumetric flow rate, m*3/s

rough = 0.05e-3; % absolute roughness, m

fra = 0.008; frb = 0.1; % bounds for bisection method

£r0 = 0.01; % initial guess for N-R method

frl = 0.01; fr2 = 0.02; % initial guesses for secant method
eps = 0.00001; % tolerance

% I will adjust the parameters above when grading your assignment, but will select values
% that will not cause your solvers to fail.

Re = 4¥abs (Q) *dens/ (pi*d*visc) ;
y=@(fr) 1./sqrt(fr) + 2.0%1logl0((rough/d)/3.7 + 2.51./(Re.*sqrt(fr)));
dy=@(fr) % I will insert the correct derivative expression when testing your code

% When you test your N-R solver, you will need to determine dy

if(Re >= 4000)
[£rBis, iterBis, frNR, iterNR, frSec, iterSec] = RootFinder Pl(y, dy, fra, frb, £r0, frl, fr2, eps);

fzeroval = fzero(y, [fra,frbl);

disp(['Bisection: fr = ', num2str(frBis), ' in ', num2str(iterBis), ' iterations.'])
disp(['Newton-Raphson: fr = ', num2str(frNR), ' in ', num2str(iterNR), ' iterations.'])
disp(['Secant: fr = ', num2str(frSec), ' in ', num2str(iterSec), ' iterations.'])
disp(['fzero: fr = num2str (fzeroval) 1)

else
disp('Using this program is not appropriate’)

end

Your job is to create an M-file named RootFinder_P1.mthat contains a function named RootFinder_P1. This
function calculates the friction factor f using the bisection, Newton-Raphson, and secant methods. The M-file starts

with the following line of code:
function [frBis, iterBis, frNR, iterNR, frSec, iterSec] = RootFinder Pl(y, dy, fra, frb, £r0, frl, fr2, eps);
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The input arguments are the anonymous function y, the derivative of the anonymous function function dy, the
bounds for the bisection method £ra and f£rb, the initial guess for the Newton-Raphson method £0, the first two
guesses for the secant method £r1 and £r2, and tolerance eps. The output arguments are the value of the root
using the bisection method (£rBis), the Newton-Raphson method (£rNR), and the secant method (frSec).
Additionally, you will output the number of iterations required by each method (iterBis, iterNR, and iterSec).
The number of iterations is equal to the number of times your code finds a new value of the root estimate.

For all three methods, the termination criterion is: | (ffrs1 —f: ) / fre1 | < eps
Once the condition is met, the value of i1 is the root.

Important:

* The Newton-Raphson and secant methods are not bracketed and it is possible that you will never converge to a
solution. Your code should give the user an error message if the method does not converge after 100 iterations.

* Be sure to suppress all output in the function using semi-colons. | don’t want to see a bunch of intermediate steps
junking up my screen.

* The only built-in functions that you may use are size, numel, zeros, and abs. Do not use the £zero or other
functions without getting my permission.
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Part 1.2: Exploring the relationship between tolerance and iterations
** You should complete Part 1.1 before attempting Part 1.2. **

As your tolerance gets smaller (i.e., as eps decreases), the number of iterations generally will increase. You will
create a plot of the number of iterations (iter) vs eps for the bisection method.

At the end of RootFinder_ P1, write code that automatically creates a plot of iter vs eps for the bisection method.
The value of eps will vary over the range 1e-10 and 1e-5, and | suggest using the function Llogspace to create a

good distribution of eps values. Add labels for both axes and use a log scale for the x-axis (eps axis).

The code for both Part 1.1 and Part 1.2 should be placed in RootFinder_ P1.m
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Part 2: Background
For a pipe network with V branches (pipes), you need N equations to determine the volumetric flowrates of each
branch (0)). We will use the following nomenclature:
J =branch number ; N = total number of branches
i=node number
= loop number ; € = total number of loops

We will only consider losses due to friction from the pipe walls (the "major” losses). After guessing the initial direction
and magnitude of the flowrates, the sum of the losses in a loop of pipes is,

B+ 2 rigsalel- Y rasolel

against along

The absolute value is required to account for flow direction. We arbitrarily select the clockwise direction as positive
flow. You need € equations for the € independent loops.

For the friction factor, you will calculate it explicitly using the Haaland equation.

111 -2
—|- /D 69
fr = [ 1.8logyo (( 7)) 're

where the Reynolds number s,

_4lojle
nDjp

We also will need N— { equations by applying the conservation of mass equation at each node. For the i*" node,




