cl assdef ESPObj < handl e

%ESPOhj . El ectro Submersible Punp Obj ect

% ESPCbj represents a single stage centrifugal el ectrosubnersible punp
% (ESP) to lift production fluid.

%

% Properties

% - Q . capacity [ M8/ h]

% - CurveHQ : head-capacity data [m nB/h]

% - CurvePQ . power-capacity data [ KW nB/ h]
% - CurveNQ . efficiency-capacity data [-, nmB/h]

% - CurveHQuc : head-capacity data @QA [m nB/h]

% - CurvePQuc : power-capacity data @A [ KW nB/ h]
% - CurveNQuc : efficiency-capacity data @A [-, nmB/h]

% - CurveHnc : head-capacity data @A [m nB/h]

% - CurvePnc : power-capacity data @A [ KW nB/ h]
% - FCurveHQvc : head-capacity curve @A [m nB/h]

% - FCurveHQnc : head-capacity curve @A [m nB/h]

% - BEP : best efficiency point (HQ [m nB/h]

% - N : design frequency [rpn

% - Nc : adjusted frequency [rpn

% - vnu : fluid viscosity (until 4000 cSt) [cSt]

%

% Dependent properties

% - status : progranm ng property (to be used in further
ver si ons)

% - H . differential head [m

%

%  Met hods

% - Vi scosi t yAdj ust nent

% Adj ust rent of punp performance data with water considering
t he

% fluid real viscosity.

% - FrequencyAdj ust nent

% Adj ust rent of punp performance data with water considering
t he

% val ue Nc.

% - Pl ot HQvAdj ust nent

% Plotting punmp performance including the original data (water)
% and the viscous fluid.

% - Pl ot HOnAdj ust nent

% Plotting punmp performance including the viscosity corrected
curve

% at the design frequency and the curve at the adjusted
frequency.

% Devel opnent

% By: Ruben Ensal zado

% 2015

% Rev 00 151216 original release

% Rev 01 160108 bug fixing: error notification BadArgunents error

type




% Rev 02 160306 bug fixing: updating perfornmance curve when Nc
changes
% definition: include code for B <=1

properties
Q
Cur veHQ
CurvePQ
Cur veNQ
CurveHQvc
CurvePQuvc
CurveNQvc
Cur veHONC
CurvePQnc
FCurveHQvc
FCur veHQNC
BEP
N
vnu
SG

end

properties (SetObservable)
Nc
end

properties (Dependent)
H
st at us

end

properties (Constant)

g = 9.81;
end
properties (Hi dden, SetAccess = i mutable)
end

nmet hods (Hi dden)
% -- initialization nethod --

function ESP = ESPj
ESP. CurveHQ = zeros(10, 2);
ESP.BEP = [0 0];
ESP. SG = 0. 895;
ESP. Pf = @Quis, Hvis, N, Nvis) Quis.*Hvis*N. /(367*Nvis);
addl i stener (ESP, 'Nc', 'PostSet',

@SPObj . ESPPr oper t yChange) ;
end
end

met hods
% -- error verification nethods --




function set. CurveHQ ESP, CurveHQ
if size(CurveHQ 2) ==
ESP. Cur veHQ = CurveHQ
el se
error (' ESPQoj : BadAr gunent ',
"Di nensions of HQ matrix are nx2')
end
end

function set. CurvePQ ESP, CurvePQ
if size(CurvePQ 2) ==
ESP. CurvePQ = CurvePQ
el se
error (' ESPQoj : BadAr gunent ',
"Di nensions of PQ matrix are nx2')
end
end

function set.BEP(ESP, BEP)
if size(BEP, 1) == 1 && size(BEP, 2) ==
ESP. BEP = BEP;
el se
error (' ESPQoj : BadAr gunent ',
' BEP shoul d be a row vector 1x2')
end
end
end

nmet hods
% - - dependent properties --

function status = get. status(ESP)
%St at us. | ndependent property verification

req = zeros(6, 1);

req(l) = isenmpty(ESP.Q;
req(2) = isenmpty(ESP. CurveHQ ;
req(3) = isenpty(ESP. BEP);
req(4) = isempty(ESP.N);
req(5) = isenpty(ESP. Nc);
req(6) = isenpty(ESP.vnu);
if all(~req)

status = true;
el se

status = fal se;
end

end

function H = get.H(ESP)
oDi f f erenti al Head.
%Uni ts




% Nc : rpm

%N : rpm
%Q : nB/h
%H : m

i f isenpty(ESP. Nc)
ESP. Nc = ESP. N;
end

i f isenpty(ESP. FCur veHQNC)
ESP. Per f or manceCur ve(' frequency')
end

H = pol yval (ESP. FCurveHQnc, ESP.Q ;
end
end

met hods
% -- cal cul ati on nmet hods - -

function ViscosityAdjust nent (ESP)
%/i scosi t yAdj ust nent. Punp performance curve adj ustnent
% Vi scosity adjustnent according to ANSI/H 9.6.7-2010

if isempty(ESP.N) || isenmpty(ESP.vnu) || isenpty(ESP. BEP)
error (' ESPQbj : Not EnoughAr gunent s’ , .
"N, BEP and viscosity have to be defined first.")

end

Np = ESP. N,

nuvi s = ESP. vnu;
BEP_H = ESP. BEP(1);
BEP_Q = ESP. BEP(2);

B = 16.5*sqrt (nuvi s)*(BEP_H) (0. 0625) /
( BEP_Q\0. 375* Np”0. 25) ;

if B>1
Cq = 2.71"(-0.165*1 0gl0(B)"3. 15);
Ch = Cq;
Chf = @) 1 - ((1 - Ch)*(Qw BEP_Q."0.75);
Ch = Cnhf (ESP. CurveHQ(:, 2));
Cn = B*(-0.0547*B"0. 69);
el se
Cg = 1
Ch = 1;
Cn = 1,
end

ESP. CurveHQvc = [Ch. *ESP. CurveHQ(:, 1) Cg*ESP. CurveHQ:,
2)1;

if ~isenpty(ESP. CurveNQ && ~i senmpty(ESP. CurvePQ




ESP. CurveNQvc = [Ch. *ESP. CurveNQ:, 1)
Cn*ESP. CurveNQ :, 2)];

ESP. CurvePQuc(:, 1)

ESP. CurvePQuc(:, 2)

Ch. *ESP. CurvePQ(:, 1);

ESP. Pf (ESP. CurvePQuc(:, 1),
ESP. CurveHQuc(:,1), Np

ESP. CurveNQc(:, 2));

end
end

function PerformanceCurve(ESP, type)
%Per f ormance Curve. Adjust punp performance curve to a

pol ynom

% Pol ynom ¢ adj ustnent, considering the | ess possible
grade and

%the R2 as an fitness paraneter. If R2 differs in |ess
t han 5%

% t hen, thhe | ower grade polynomis sel ected.

if isenmpty(ESP. CurveHnc) || isenpty(ESP. CurveHQc)
return
end

if ~(strcnpi(type, 'viscosity') |]
strcnpi (type, 'frequency'))

errrm= ['The avail able calculation type are:"';...

- viscosity T
'- frequency "1;
error (' ESPQoj : BadAr gunent ',

"% \n\t% \n\t% \n', ...

errrm(1, :), errrm(2, :), errrm(3, :));

end

fr2 = @y, f) max(0, 1 - sunm((y - f).”2)/sum(y -
mean(y))."2));

switch | ower(type)
case 'viscosity'
x = ESP. CurveHQc(:, 2);
y = ESP. CurveHQc(:, 1);
case 'frequency’
X ESP. CurveHc(:, 2);
y ESP. CurveHc(:, 1);

end

opoly = polyfit(x, y, 2);
or2 = fr2(y, polyval (opoly, x));
for i = 3:9
npoly = polyfit(x, y, i);
nr2 = fr2(y, polyval (npoly, x));

if abs(or2 - nr2)/nr2 <= 0.05




apoly = opoly;
br eak
end

opoly = npoly;
or2 = nr2;
end

switch | ower(type)
case 'viscosity'
ESP. FCur veHQvc = apol y;
case 'frequency’
ESP. FCur veHnc = apol y;
end

end

function FrequencyAdj ust nent ( ESP)
%-r equencyAdj ust nent. Punp performance curve adj ustnent
% Frequency correction using affinity |aws

if isempty(ESP.Nc)|| isenpty(ESP. CurveHQc)
error (' ESPQbj : Not EnoughAr gunent s’
"Nc, and the adjusted perfornmance punp curve have
to be defined first.")

end
N1 = ESP. N;
N2 = ESP. Nc;

ESP. CurveHc(:, 1)
ESP. CurveHc(:, 2)

ESP. CurveHQve(:, 1)*(N2/ NL)~2;
ESP. CurveHQue(:, 2)*(N2/N1L);

i f ~isenpty(ESP. CurvePQuc)
ESP. CurvePQnc(:, 1)
ESP. CurvePQnc(:, 2)

ESP. Cur vePQuc(:, 1)*(N2/ NL)~3;
ESP. CurvePQuc(:, 2)*(N2/NL);

end
end
end
nmet hods
% -- information and plotting nethods --

function Pl ot HQvAdj ust nent ( ESP)
%l ot HQVAdj ust nent. Pl ot performace curve - viscosity
% Plotting water performace curve vs viscous fluid

if isenpty(ESP. CurveHQc)
error (' ESPQbj : Not EnoughAr gunent s’
"There is not HQuc curve to plot')
end

figure




axes

hol d on

grid on

pl ot (ESP. CurveHQ(:, 2), ESP.CurveHQ:,1),

'-0', 'MarkerFaceColor', 'b')
pl ot (ESP. CurveHQvc(:,2), ESP.CurveHQc(:,1),
'-0', 'MarkerFaceColor', 'r')

set(gca, 'XLim, [0 round(max(ESP. CurveHQc(:,

2))*1. 1],
"YLim, [O round(nmax(ESP. CurveHQc(:,
H)*1.1)],
" Font Nane', ' Segoe U ')

x| abel (gca, ' Capacity (m3/h)")

yl abel (gca, 'Head (m)")

title(gca, 'HQ punp curve - Viscosity Adjustment')

| egend(' Punp performance curve'

"Punp adj usted performance curve',
"Location', 'southwest');
hol d of f
end

function Pl ot HQnAdj ust nent ( ESP)
%Pl ot HOnAdj ust nent. Pl ot performace curve - frequency
% Pl otting base frequency perfornmance vs new frequency

if isenpty(ESP. CurveH®C)
error (' ESPQbj : Not EnoughAr gunent s’
"There is not HQnc curve to plot')
end

figure

axes

hol d on

grid on

pl ot (ESP. CurveHQvc(:,2), ESP.CurveHQc(:,1),
'-0', 'MarkerFaceColor', 'b')

pl ot (ESP. CurveHQnc(:, 2), ESP. CurveHnc(:,1),
'-0', 'MarkerFaceColor', 'r')

set(gca, 'XLim, [0 round(max(ESP. CurveHQc(:,

2))*1. 1],
"YLim, [O round(max(ESP. CurveHQc(:,
H)*1.1)],
" Font Nane', ' Segoe U ")
x| abel (gca, ' Capacity (m3/h)")
yl abel (gca, 'Head (m")
title(gca, 'HQ punp curve - Frequency Adjustment')
| egend([' Punp performance curve' ' @' nun@str(ESP.N) '
rpm],
[' Punp adj usted performance curve' ' @'
nunstr (ESP.Nc) ' rpm],
"Location', 'southwest');
hol d of f
end




function Pl ot pQvAdj ust nent ( ESP)
%Pl ot pQnAdj ust nent. Pl ot performace curve -

Vi scosity

% Pl otting base frequency perfornmance vs new frequency

if isenpty(ESP. CurveHC)
error (' ESPQbj : Not EnoughAr gunent s’
"There is not Hnc curve to plot')
end

figure
axes
hol d on
grid on
pl ot (ESP. Cur veHQuvc(:, 2),
ESP. Cur veHQvc(:, 1) *ESP. SG*ESP. g,
'-0', 'MarkerFaceColor', 'b')
pl ot ( ESP. Cur veHOnc(:, 2),
ESP. Cur veH"c(:, 1) *ESP. SG*ESP. g,
'-0', 'MarkerFaceColor', 'r')

set(gca, 'XLim, [0 round(max(ESP. CurveHQc(:,

2))*1.1)],

"YLim, [O round(nmax(ESP. CurveHQc(:,

1)*ESP. SG*ESP.g)*1.1)],
" Font Nane', ' Segoe U ")
x| abel (gca, ' Capacity (m3/h)")
yl abel (gca, 'Pressure (kPa)')

title(gca, 'pQ punp curve - Viscosity Adjustment')

| egend(’ Punp performance curve @1 cSt',
[' Pump adj usted performance curve @'
nunstr (ESP. vnu) ' c¢cSt'],
"Location', 'southwest');
hol d of f
end

end

nmet hods (Static)
function ESPPropertyChange( ESPsource, ESPevent)
swi tch ESPsource. Nanme
case 'Nc'
ESPevent . Af f ect edCbj ect . Perf or manceCurve(' frequency')
end
end
end

end

Published with MATLAB® R2015a




