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1- Unsteady
2- Steady
3- Transient flow



O<t<l/a

i il Sl o5 09 0 Sho b Joo 50 Gl S pud (D Ay (A4
Do oo e do) lid olial ) bl 4 0sd 0 AH=(a/Q)Vo Slade 4yl Joxe 4o
Wil g Jsb Lo (55Lla8 oo copm @ 51 05l 0 00,88 Cote jL3S (pl Cog Sl
s s 0ddlanin gl o Sl o5l cnl )0 ey g0 (3Fe @ TE LA o) ;5 Zge ai)o
(O-Y) JS3) 3500 Ho+ AH s L sa 5 o ol >

Lla<t<2lL/a

g b e L 5] ) bl 4y el Hot AH i, al) o alais ol & jglone

@ ho lade jldlgd (60959 j0 ey (plplo S oo lon b (3P S 4 gl 51 VO

s 5ol 2alS Ho e 4y Hot AH 51 [Lad 59 o el )l oo L0l —Vo It

((V-1) JS8) &S S8 52 ol Croms 4y (00 g0
2L/a<t<3L/a

ey ool iy (ClloaSS cake |y ol Jore 10 S o (g8 ol el iy il oS alole
Too S90S oo g pesi Ho—AH @ jlad 5 jho 4 Vo jlaal ol jo oglie j5boas
(YY) ) a8l o ol s oy j5me Coos 4y i 054, i
3L/a<t<4L/a

095135 g JS5 algh sVl o Jolaols ul 3500 & (ke e ) (s,
el (35 Dyglome jo dlgl 5l galate jo jLad Sl i dlg D jgle o (35 o Li

ab oo il Ho jlage a4 jlid oo g b oo by dg) o Vo ce s b Jlaws aeisjo

L(F-Y) %)



[, Sgyes 5l b 7
N O
i [
Oy G Hy 0 ! 0
Vso —\ V=V, V_’f_\
R = ——
I L | (< B L | (ol
t=1/a gle; (0 1= € gloj (Gl (V-Y) S
; —_J _________ AH
. 0 ——
Oy ) H
Ve -y, O - ’
- — — Voo Y01y
T — = |
- ~ L - (I
122072 olej (o« t=Ll/a + € ol (Gl (Y-Y) JSs
P CU PRV g PP - SS9y 5l s
/ R ' o
— | | _toH — [ i
o Ho u)-”m | Ho
o3P |
—— . N T — V:’ Vo _V_'lg
e = o — -
e L N (o l L ] .
: - ' (l
123172 olej (o « t=2L0a + € olo; (Gl (¥-Y) JSs
Sy e 515 s i Sl 5 b
// . —_— l_ ‘. ________ _LAH
. H, O Ho
O V=V, V=0 I
V=V, el ——
o ) A
Baae et o/
(o (!

t=4L/a L’)Le)' (o« t=3L/a + € QLA)' (&l (F-Y) J.S.w



Sl b 4y b ogd co atwls [lid v 3l g lade ST L o L SKasl 0929 &g o

L(O-Y) JS8) sy

f ‘ ’ o3 5l8
g |1 oy Slp g .
P Nna” dmnne
OO d RN
V2 (u (- i Ll
“-Z_Qi T'4TL = (
: i it
0 % %5 lZTL ol . 4TL % %L_ uL")

SISl 28,5 Ll o b (o oSSl Gaas (Gl eyl o ,lid Sl e (8-Y) JSS

Lowy -V-)-Y

Ol 51aS Jlw 0 g 4B F (2 )5 aie S 5l ) (Slsle (6551 45 09 0 S dle 4 asy
gy 5o abiee GRlBl oyl e 3l om Jb 6550 eaome )0 a0 oo Jlisl S oo H90e
Al lgee 1) oy 00,5 0 edalie Jlw JLid 188 O a0 o)lsen Jlw (65, Ol s
9 Tygbed S e T glhsd Tty T3 e 5l )8 ol s Vo 3 Sles s 5 0,58
S5l 25 5 9l Gy €9 90 Sleyol Glapiics 15 g0l (G OMSL g S 2
5SS 25 sl et Ul lacwy JolSS L o9yl a5 0ed so eolatul (5ey yl)
ooyl shsels i ol pw) sl G Gl 50 5500l WS e 1B eslatuls e

1- Reciprocating Pump
2- Centrifugal Pump
3- Turbine Pump
4- Rotary Pump
5- Propeller Pump
6- Deep-well Pump
7- Sump Pump
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1- Runaway speed
1- Column separation
2- Evolutionary algorithms
3- Genetic algorithms
4- Ant colony optimization
5- Simulated annealing
6- Particle swarm optimization
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8- Invasive Weed Optimization
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CostFunction = @(x,y) complexparallel(x,y); % Objective Function
nVar =1; % Number of Decision Variables
VarSize =[1 nVar]; % Decision Variables Matrix Size (sut down patern)
VarMin = 0; % Lower Bound of Decision Variables (sut down patern)
VarMax = 1, % Upper Bound of Decision Variables (invertal)
TVarMin =7.5; % Lower Bound of Decision Variables (invertal)
TVarMax = 15; % Upper Bound of Decision Variables

nPop0 =50; % Initial Population Size

nPop =80; % Maximum Population Size

Smin=1; Smax =4;

MaxIt=20;

Exponent = 3; % Variance Reduction Exponent

sigmal_initial =0.3; % Initial \VValue of Standard Deviation (sut down patern)
sigma2_initial =0.7; % Initial VValue of Standard Deviation (invertal)
sigma_final =0.001; % Final Value of Standard Deviation

nu_gr=3; % number of pumping station

nu_p=>5; % number of pump in a group

%% Initialization

% Empty Plant Structure

empty_plant.Position = [];

empty_plant.Time = [];

empty_plant.Max = [];

empty_plant.Min = [];

pop = repmat(empty_plant, nPop0, 1); % Initial Population Array

for i = 1:numel(pop)

% Initialize Position

pop(i).Position = position(nu_gr, nu_p); % number of on pumps

ng=ones(1, nu_gr);

pop(i). Time = ng.*unifrnd(TVarMin, TVarMax);

% Evaluation

[pop(i).Max, pop(i).Min] =CostFunction(pop(i).Position, pop(i). Time);
end

% Initialize Best Cost History

BestMax = zeros(MaxIt,nu_gr);

BestMin = zeros(MaxIt,nu_gr);

BestTime = zeros(MaxIt,nu_gr);
BestPosition = zeros(nu_gr*MaxlIt, nu_p);



%% IWO Main Loop
for it = 1:MaxIt

% Update Standard Deviation
sigmal = ((Maxlt - it)/(MaxIt - 1)) Exponent * (sigmal_initial -
sigma_final)+sigma_final,
sigma2 = ((Maxlt - it)/(MaxIt - 1)) Exponent * (sigma2_initial -
sigma_final)+sigma_final,
% Get Best and Worst Cost Values
mx = (reshape([pop.Max]',nu_gr.[1))";
mn = (reshape([pop.Min]’,nu_gr,[]));
% penalti
for x=1:length(mx)
for j=1:nu_gr
if mx(x,j)>=120
mx(X,:)=mx(X,:)*5;
if min(mn(x,:))>0.2385
mn(X,:)=mn(X,:)*-50;
else
mn(x,:)=mn(X,:)*50;
end
break
end
end
end
Mx = max(mx,[],2);
Mn = min(mn,[],2);

Cost=[Mn,Mx];

[~, Sorted]=sortrows(Cost,[-1 2]);
pop=pop(Sorted);
Best.Costs=min(pop(1).Min);
Worst.Costs=min(pop(end).Min);

% Initialize Offsprings Population
newpop = [J;

% Reproduction
for i = 1:numel(pop)
ratio = (min(pop(i).Min) - Worst.Costs)./(Best.Costs - Worst.Costs);
S = floor(Smin + (Smax - Smin)*ratio);
forj=1:S
% Initialize Offspring
newsol = empty_plant;
% Generate Random Location
newsol.Position = reproduction (pop(i).Position, sigmal);
newsol.Time = pop(i). Time + sigma2 * randn(VarSize);

% Apply Lower/Upper Bounds
0



newsol.Position = max(newsol.Position, VarMin);
newsol.Position = min(newsol.Position, VarMax);
% Apply Lower/Upper Bounds

newsol.Time = max(newsol.Time, TVarMin);
newsol.Time = min(newsol. Time, TVarMax);

% Evaluate Offsring
[newsol.Max, newsol.Min] =CostFunction(newsol.Position, newsol.Time);

% Add Offpsring to the Population
newpop = [newpop
newsol]; %#ok
end
end
% Merge Populations
pop = [pop
newpop];
% Sort Population
maxim = (reshape([pop.Max]',nu_gr,[]));
minim = (reshape([pop.Min]’,nu_gr,[])’;
% penalti
for x=1:length(maxim)
for j=1:nu_gr
If maxim(x,j)>=120
maxim(x,:)=maxim(x,:)*5;
If min(minim(x,:))>0.2385
minim(x,:)=minim(x,:)*-50;
else
minim(x,:)=minim(x,:)*50;
end
break
end
end
end

Max = max(maxim,[],2);
Min = min(minim,[],2);

Cost=[Min,Max];
[~, Sorted]=sortrows(Cost,[-1 2]);
pop=pop(Sorted);
% Competitive Exclusion (Delete Extra Members)
if numel(pop)>nPop

pop = pop(1:nPop);
end

% Store Best Solution Ever Found
BestSol = pop(1);
% Store Best Cost History

ay



BestMax(it,:)= BestSol.Max;

BestMin(it,:)= BestSol.Min;

BestTime(it,:)= BestSol.Time;
BestPosition(1+nu_gr*(it-1):nu_gr*it,:) = BestSol.Position;

% Display Iteration Information

disp(['Iteration " num2str(it) : Best Max = ' num2str(BestMax(it,:)) ": Best Min ="
numa2str(BestMin(it,:)) ' : Best Time ' num2str(BestTime(it,:)) ]);
end

function [a]=position(nu_gr, nu_p)
for I=1:nu_gr

b = randi([0 1],1,nhu_p);

a(l,:)=b;
end

o laitinl Jieadss als

function y=reproduction(x,sigma)
nVar=numel(x);
n_pro=ceil(sigma*nVar);
j=randsample(nVar,n_pro);
y=X,
y()=1-x();

end
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Abstract

In large water supply systems, several pump stations are usually used to provide pipelines
head pressure. Each station may consist of some parallel pumps to provide water pipeline
discharge. By sudden failure of these pumps, an unsteady flow will occur which cause
pressure fluctuation. Assessment and control the maximum and the minimum pressure of
pipeline is essential to design pipeline and utilize it. One method to diminish the harmful
effects of water hammer is step by step shut down. The main purpose of this thesis is
determining the interval between the steps and the pattern of this shutdown somehow that
the maximum pressure reduce and the minimum pressure rise up and stay in a safe range.
First, a numerical model of a comprehensive pumping system consists of some stations
and diversity of parallel pump in the stations is simulated. This model simulates unsteady
flows of sudden failure. The equations of this modeling are flow equations (continuity
and momentum) and pump equations (head and torque). This model is recalled as a
function to invasive weeds algorithm (IWO). The intervals between two steps of failure
are reproduced by standard IWO and failure pattern is reproduced by binary IWO. The
maximum and minimum pressures are optimized by IWO. Finally, the optimized
variables are expanded into the different length of pipelines and number of stations.

The results illustrated that the shutdown pattern could have a significant effect on the
pipeline's pressure. The harmful effect of water hammer can be restricted only by
choosing the appropriate pattern and interval of two steps of the shutdown. Since these
two variables can have a wide range of diverse values, using an optimizing algorithm will
be effective. The results of optimizing are intensively depended on power and number of
pumps, length of pipes ..., so optimized variables are valid in a specific pumping system.
However, a limit range of these variables can be presented for a specific pumping system
and the expansion of this optimization also is given for the different length of pipeline
and number of station. The result demonstrates optimized variables are also effective for
these changes, but by increasing the length of pipe, the maximum pressure rise and the
minimum pressure falls down and conversely, by reducing the pipeline's length, the

maximum and minimum pressure respectively, decrease and increase.

Keywords: water hammer, parallel pumping system, invasive weed colony, step by step

failure, explicit Method of Characteristic, steady and unsteady flow.
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