cl assdef Flow ineObj < handle
%-1 oM i neCbj . Flowine C ass
% Fl oW i neChj represents a flowine connecting different elenments in
t he
% surface for a network. It allows cal culation of pressure/tenperature
% profile along the flowine.

%

% Properties

% - ¢ . flowate at standard conditions [ SnB/ d]
% - Q : flowate flowine inlet [ mB/d]
% - Qo : flowate flowine outlet [ mB/d]
% - Pi : pressure flowine outlet [ kPa]
% - Po . pressure flowine inlet [ kPa]
% - Ti . tenperature flowine inlet [

% - To . temperature flowine outl et [

% - rhosc . density at standard conditions [ kg/ nB]
% - tTinf : flow ine surounding tenperature [ K]

% - tln : flowine Iength [m

% - tdi : flowine internal dianeter [m

% - trg : flow ine roughness [m

% - tuc : flow ine global heat coefficient [ KW 2. K]
% - tin : flowine inclination (0 = hztal) [ rad]
% - tsl . flowine segnent |ength [m

% - BOnmodel : black oil nodel

% - Cal cul ati onType : {forward | backward}

%

% Constant properties

% - g : gravity accel eration [m s2]
%

% Dependent properties

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

% - Tprofile : flowine tenperature profile [

% - Pprofile : flowine pressure profile [ kPa]
% - tlengthp : flowine Iength profile [m

%

%  Met hods

% - Sol veFl owl i ne

% Dependi ng on the cal culation type, calculates P, T and Q on
t he

% other flow ine nozzle.

% - PlotPprofile

% Plotting pressure profile along the flowine |ength.

% - PlotTprofile

% Plotting tenmperature profile along the flowine |ength.

% - PlotPTprofile

% Plotting tenmperature and pressure profile along the flowine
% | engt h.

%

% Devel opnent
% By: Ruben Ensal zado




%
%
%
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i mprovenent in Tprofile and Pprofile cal cul ations

properties
BOnodel
Qsc
rhosc
Q
Q
Pi
Po
Ti
To
t Ti nf
thn
tdi
trg
tuc
tin
tsl
Cal cul ati onType
end

properties (Constant)
g = 9.81;
end

properties (Dependent)
st at us
Tprofile
Pprofile
tl engt hp
end

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

function TU = Fl ow i neQbj
TU. Cal cul ati onType = 'forward';
TU. t sl 2;
TU. tin 0;

end

end

met hods
% -- error verification nethods --

function set. Cal cul ati onType(TU, uType)
if strcnpi (uType, 'forward') || strcnpi(uType
TU. Cal cul ati onType = uType;
el se
errrm= ['The avail able types are:";...
'- forward B

" backwar d')




' - backward "1;

error (' Fl ow i neQbj : BadAr gunent ',
"% \n\t% \n\t% \n', ...
errrm(1, ), errrm(2, ), errrm(3, :))
end
end

function set.BOrodel (TU, uBO
if strcnpi(class(uBO, 'BOObj")
TU. BOnodel = uBO,
el se
error (' Fl ow i neQbj : BadAr gunent ', .
"The fluid nodel object has to be class BOOhj ')
end
end

function set. Qc(TU, uQsc)
if size(u@c, 1) == 3 && size(u@c, 2) ==
TU. @sc = uQsc;
el se
error (' Fl ow i neQbj : BadAr gunent ',
"Qsc must be a 3x1 double array.')
end
end
end

nmet hods
% - - dependent properties --

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

req = zeros(9, 1);

req(l) = isempty(TU. Q) && isenmpty(TU. Qo);
req(2) = isempty(TU. Pi) && isenpty(TU. Po);
req(3) = isempty(TU. Ti) && isenpty(TU. To);
req(4) = isenpty(TU. tln);
req(5) = isenpty(TU. tTinf);
req(6) = isenpty(TU. tdi);
req(7) = isenpty(TU. trg);
req(8) = isenpty(TU. tuc);
if all(~req)
status = true;
el se
status = fal se
end

end

function Tprofile = get. Tprofil e(TU)
%-1 ow i neTenperatureProfile
%nits




end

end

%TO : C

swi tch | ower (TU. Cal cul ati onType)
case 'forward'
TO = TU. Ti + 273.15;
case 'backward'
TO = TU. To + 273. 15;
end

[piping, dy, n] = npiping(TY;

props = nmprops(TU, n, 'Tprofile');

[dtm dti] = dtmatrix(TU, TO, n, dy, props,
Tprofile = dtmdti;

function Pprofile = get.Pprofil e(TU)

end

%-1 ow i nePressureProfile.
%nits

% PO . kPa

% Pprofile : kPa

swi tch | ower (TU. Cal cul ati onType)
case 'forward'

PO = TU. Pi ;
case ' backward'
PO = TU. Po;

end

[piping, dy, n] = npiping(TY;
props = nmprops(TU, n, 'Pprofile');
[dpm dpi] = dpmatrix(TU, PO, n, dy, props,

Pprofile = (dpmdpi)/ 1le3;

function tlengthp = get.tlengthp(TU)

end

nmet hods
function Sol veFl ow i ne( TU)

%-1 ow i nel engt hProfil e.

%Uni ts
%tln : m
%tsl : m

sn = round(TU. tIn/TU. tsl) + 1;
tlengthp = linspace(0, TU tln, sn + 1)";

swi tch | ower (TU. Cal cul ati onType)
case 'forward'
TU. Po = TU. Pprofil e(end);
TU. To = TU. Tprofile(end) - 273.15;
case ' backward'
TU.Pi = TU Pprofile(l);

pi pi ng) ;

pi pi ng) ;




TU.Ti = TU Tprofile(l) - 273.15;
end

TU. QCal cul ati on
end
end

nmet hods (Hi dden = true)
% -- auxiliary functions --

function ff = col ebrook(~, Re, edr)
%-i ctionFactor. Col ebrook and Wite (1931)

if Re <= 2000
ff = 64/ Re;
el se
fff = @f) (2/10g(10))*l og(edr/3.7 + 2.51/
(Re*sgrt(f))) + 1/sqrt(f);
dff = @f) -((2/109(10)*(2.51*0.5/Re)*(edr/3.7 + 2.51/
(Re*sqrt (f)))~(-1)*f~(-1.5)) + 0.5*f~(-1.5));

ef f
ffo

while eff > le-8
ff =ff0 - fff(ffO)/dff(ff0);
eff = abs(ff - ff0);
ffo = ff;
end

end

end

function [dtm dti] = dtmatrix(TU, TO, n, dy, props, piping)
%OTmatri x. Tenperature profile linear systemnmatrix

%rho : density
% cpf : heat capacity
% Tin : mediumtenperature

%di : flowine internal diameter
%uc : flowine U coefficient
%qf : fluid volumetric flowate

rho = props(2:end, 1); % kg/ n8
cpf = props(2:end, 2); % kJ/ kg. K
Tin = props(2:end, 3); % K

di = piping(2:end, 1); % m

uc = piping(2:end, 3); % kW n2. K
gf = piping(2:end, 4); % nB/ s

nf = rho.*qf; % kg/ s

ai = dy*pi*di; % nP

dti = zeros(n + 1, 1);




swi tch | ower (TU. Cal cul ati onType)
case 'forward'

dtm = sparse([2: n+l 2: n+1],

[1:n 2:n+1],

[(ai.*uc

n 2:n+l], [(ai.*uc -

n;

- 2*nf. *cpf)
(ai.*uc + 2*nf.*cpf)]);
dtm(1, 1) = 1;
dti (1) = TO;
dti (2: n+1) = 2*ai.*uc. *Tin;
case ' backward'
dtm = sparse([1l:n 1:n], [1:
2*nf . *cpf)
(ai.*uc + 2*nf.*cpf)]);
dtn(end, end) = 1,
dti (end) = TO;
dti(1l:end-1) = 2*ai.*uc.*Ti
end
end

function [dpm dpi] = dpmatrix(TU, PO,

YOPmatri x. Pressure profile linear

%rho : density
% vnu : dynam c viscosity

%di : flowine internal dianeter
%rg : flowine roughness (E)
%um: fluid velocity

%in : flowine inclination

% ga : gravity acceleration

n, dy, props,

system nmatri x

%ted : flowine relative roughness (E/ di)

%ff : friction factor
% tRe : Reynol ds nunber

rho = props(2:end, 1);

vnu = props(2:end, 2)./rho;

di = piping(2:end, 1);

rg = piping(2:end, 2);

um = pi pi ng(2:end, 5);

in = cos(pi/2 - piping(2:end, 7));
ga = TU. g;

ted = rg./di;

ff = zeros(n , 1);
tRe = um *di./vnu;

for i = 1:n

% kg/ nB
% n2/ s

% m
% m
% ns
%_
% nl s2

% -
% -
% -

pi pi ng)




ff(i) = colebrook(TU, tRe(i), ted(i));
end

dpi = zeros(n + 1, 1);

swi tch | ower (TU. Cal cul ati onType)
case 'forward'

dpm = sparse([2:n+l 1:n+1], [1:n 1:n+1],
[-ones(1, n), ones(l, n + 1)]);

dpi (1) = P0*1000; % Pa

dpi (2:end) = -dy*rho.*(ga.*in + ff.*um"2./

(2*di));
case ' backward'
dpm = sparse([1:n 1:n+1], [1:n 1:n+1],
[-ones(1, n), ones(l, n + 1)]);
dpi (end) = PO*1000; % Pa
dpi (1:end-1) = -dy*rho.*(ga.*in + ff.*um"2./
(2*di));

end
end

function [piping, dy, sn] = npiping(TU)
%Vpi pi ng. Piping paraneter val ues

%In : flowine |ength

%di : flowine internal dianeter

%uc : flowine U coeffiecient

%rg : flowine roughness

%in : inclination

% sl : mnimmlength of piping segnent
% sn : nunber of segnents

% dy : length of piping segment

swi tch | ower (TU. Cal cul ati onType)
case 'forward'

Q=TuQ;
case 'backward'

Q = TU. Qo;
end
In = TU. tln; % m
di = TU. tdi; % m
uc = TU. tuc; % kW n2. K
rg = TU. trg; % m
in = TuUtin; % rad
sl = TU. tsl; % m
sn = round(ln/sl) + 1;
dy = In/sn; % m

pi ping = zeros(sn + 1, 6);




pi ping(:, 1) = di; % m
piping(:, 2) =rag; % m

pi ping(:, 3) = uc; % kW n2. K
piping(:, 4) = Q(3600*24); % nB/ s

pi ping(:, 5) = Q@ (900*24*pi*di"2); % s

pi ping(:, 6) = TU.tlengthp; % m
piping(:, 7) =in; % -

end

function props = nprops(TU, n, type)
%Vprops. Fluid property val ues

% enmurho : density enul sion
% enmuCp : specific heat capacity enul sion
% enmuvnu : dynam c viscosity enul sion

switch type
case 'Tprofile'
props = zeros(n + 1, 3);

props(:, 1) = enurho(TU)*16.0186; % kg/ nB
props(:, 2) = emuCp(TU)*4.2216; % kJ/ kg. K
props(:, 3) = TU. tTinf + 273.15; % K

case 'Pprofile’
props = zeros(n + 1, 2);
props(:, 1) = enurho(TU)*16.0186; % kg/ nB
props(:, 2) = enuvnu(TU)/1le3; % Pa. s
end
end

function nCp = emuCp(TU)
%Speci ficHeat. (emul sion) Average with weight fraction
%nits
%nmCp : BTUIb.R

swi tch | ower (TU. Cal cul ati onType)
case 'forward'

go = TU.Q;
case ' backward'
go = TU. Qo;
end
Fo = go*TU. BOnodel . or ho;
Fw = go*( TU. BOrodel . W&/ 1e2) * TU. BOrodel . wr ho;

nCp = (TU. BOnodel . oCp*Fo + TU. BOnodel . wCp*Fw) / (Fw + Fo) ;
end

function nrho = emurho(TU)
%ensity. (emul sion) Mass bal ance
%nits
%nrho : Ib/ft3




swi tch | ower (TU. Cal cul ati onType)
case 'forward'

go = TU.Q;
case 'backward'
go = TU. Qo;

end

gw = go*TU. BOrodel . WO/ 1e2;
nrho = (qo*TU. BOrodel . orho + gw* TU. BOrodel . who)/ (go +
aqw) ;

end

function mu = ermuvnu( TU)
%/i scosity. (enmul sion) Richardson nodel
%nits
% mu : cP

tTprofile = TU. Tprofile;
n = size(tTprofile, 1);
mu = zeros(n, 1);

for i = 1:n
TU. BOrodel . T = 1.8*tTprofile(i) - 460;
mu(i) = TU. BOrodel . enu;
end
end

function nT = conversionT(~, oT, type)
%conversi onT. Tenperature
switch | ower(type)
case 'c
nT = (oT - 32)/1.8;
case 'f'
nT = oT*1.8 + 32;

end
end

function nP = conversionP(~, oP, type)
%onversati onP. Pressure
switch | ower(type)
case 'psi'
nP = oP*14.7/101. 325;
case ' kpa'
nP = oP*101. 325/ 14.7;
end
end

function QCal cul ati on(TU)
%Xxal cul ation. Flowate at actual conditions

%Uni ts
% P: kPa
%T: C




if isenmpty(TU. Qsc)
return
end

TU. BOnpdel . P
TU. BOhpdel . T

= conversi onP(TU, TU.Po, 'psi")
= conversionT(TU, TU. To, 'F');

gs2r
gi ac

TU. BOrodel . gsc2ac;
gs2r*TU. Qsc;

swi tch | ower (TU. Cal cul ati onType)
case 'forward'
TU. Qo = sum(qgi ac) ;
case ' backward'
TU. Q = sum(qgiac);

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

function PlotPprofile(TU)
%l ot Pprofile. Plot length - pressure
% Plotting the pressure profile of the well along its
| engt h

if ~TU. status
error (' Fl ow i neQbj : Not EnoughAr gunent s’
"The flow ine el enent nust be properly defined')
end

figure
axes

hol d on
grid on

dprofile
pprofile

TU. t| engt hp;
TU. Pprofile;

pl ot (dprofile, pprofile, '--0", 'MarkerFaceColor', 'b")
set(gca, 'YLim, [round(m n(pprofile*0.95))
round( max(pprofile*1.05))], ...
"XLinm, [round(m n(dprofile*0.95))
round(max(dprofile*1.05))],
" Font Nane', ' Segoe U ")
x|l abel (gca, "Flowline [ength (m")
yl abel (gca, 'Pressure (kPa)")

title(gca, 'Pressure profile in the flowine")
| egend(’ Pressure drop al ong the
flowine', 'Location', 'southwest');
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hol d of f
end

function PlotTprofile(TU)

%l ot Tprofile. Plot tenperature - length

% Plotting the tenperature profile of the well along its
| engt h
if ~TU. status
error (' Fl owl i neQbj : Not EnoughAr gunent s’
"The flowine el ement nust be properly defined')
end
figure
axes
hol d on
grid on
dprofile = TU. tl engt hp;
tprofile = TU Tprofile;
pl ot (dprofile, tprofile, '--0', 'MarkerFaceColor', 'b'")
set(gca, 'YLim, [round(m n(tprofile*0.95))
round(mex(tprofile*1.05))], ...
"XLim, [round(m n(dprofile*0.95))
round(mex(dprofile*1.05))],
' Font Nane', ' Segoe U ')
x| abel (gca, 'Flowine length (m")
yl abel (gca, 'Tenperature (K)')
title(gca, 'Tenperature profile in the flowine')
| egend(' Tenpeture gradi ent along the
flowine', 'Location', 'southwest');
hol d of f
end
function PlotPTprofile(TU)
%l ot PTprofile. Plot tenperature - |ength
% Plotting the tenperature profile of the well along its
| engt h
if ~TU. status
error (' Fl owl i neQbj : Not EnoughAr gunent s’
"The flowine el ement nust be properly defined')
end
figure
dprofile = TU. tl engthp;
tprofile = TU Tprofile;
pprofile = TU. Pprofile;
cat =
axes(' XAxi sLocation', 'bottom, 'YAxisLocation', 'left',
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"Box', 'on');

psp = get(cat, 'Position');
cap = axes(' Position', psp, 'XAxislLocation', 'top',
" YAxi sLocation', 'right', 'Box', 'on', 'Color','none');
yl abel (' Tenperature (K)', 'Parent', cat)
xl abel (" Flowline length (m', 'Parent', cat)
yl abel (' Pressure (kPa)', 'Parent', cap)
xl abel (" Flowline length (m', 'Parent', cap)
set(cat, "YLim, [round(m n(tprofile*0.95))
round(max(tprofile*1.05))],
"XLinm, [round(m n(dprofile*0.95))
round(max(dprofile*1.05))], .
" Font Nane', ' Segoe U ")
set(cap, 'YLim, [round(m n(pprofile*0.95))
round( max(pprofile*1.05))], ...
"XLinm, [round(m n(dprofile*0.95))
round(max(dprofile*1.05))],
" Font Nane', ' Segoe U ")
line(dprofile, pprofile, 'Parent', cap, 'Color', 'r’
"LineStyle ,'--")
line(dprofile, tprofile, 'Parent', cat, 'Color', 'Db
"LineStyle ,'--")
grid on

end
end
end
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