cl assdef NodeChj < handl e

%NodeOhj . Node C ass

% NodeCbj represents a node connecting different branches or nodes. In
t he

% node, the production of different branches and nodes conm ngl e.

%

% Properties

% - BOnodel : black oil nodel

% - Branches . cell array including branches' objects

% - Nodes . cell array including nodes' objects

% - P . pressure at the node [ kPa]
% - T . tenperature at the node [C

%
% Dependent properties

% - scC . flowate at standard conditions [ SnB/ d]
% - Qac . flowate at actual conditions [ mB/d]
% - BranchCount : nunber of banches in the node

% - NodeCount . nunber of nodes in the object

%

%  Met hods

% - Sol veBranches

% Solving all branches included in the node, using the secant
% al gorithm

% - Sol veNodes

% Solving all nodes included in the node, using the secant
% al gorithm

%

% Devel opnent

% By: Ruben Ensal zado

% 2016

% Rev 00 160604 original rel ease

properties
Br anches
Nodes
P
dpP
P
Fi
Jj
end

properties (SetAccess = protected)
T
BOmodel

end

properties (Dependent)
Qsc
Qac
Br anchCount




NodeCount
end

properties (Hi dden)
Pe
end

properties (Hi dden, SetAccess = i mutable)
f obj
f pobj
| Nmodel
Tr ef
end

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

function ND = NodeCbj
ND. Branches = [];
ND. P = 6000;
ND. dP = 20;

ND.fobj = @Pd, Pc)(Pc - Pd)/(Pd + (Pd == 0));
ND. f pobj = @Ps, fPdP, fP)(1/Ps)*(fPdP - fP)/ND.dP;
ND. | Nnbdel = InjectionCbj;
ND. BOmodel = BOObj ;
ND. BOrodel . Thosc 851 - 460;
ND. BOrodel . Thgsc 196. 47 - 460;
ND. BOrodel . GOR = 130;
ND. Tref = 50;
end

end

met hods
% -- error verification nethods --

function set.BOrodel (ND, uBO)
if strcnpi(class(uBO, 'BOOj")
ND. BOrodel = uBG,
el se
error (' NodeCbj : BadAr gunent ', .
"The fluid nodel object has to be class BOOhj ')
end
end
end

nmet hods
% - - dependent properties --

function Q@c = get. Qc(ND)
%Xxc. Flowate at standard conditions
%nits
% Qsc : SnB/d




end

n = ND. BranchCount ;

if ~n
xsc = [];
return
end

&sc = zeros(3, 1);

i =1:n
&c = sc + ND. Branches{i}{2}. Qsc;

end

function Qac = get. Qac(ND)
%xc. Flowate at standard conditions
%nits
% Qac : nB/d

n = ND. BranchCount ;

if ~n
Qac = [];
return
end

= 1in
= Qac + ND. Branches{i, end}. Qo;

end

function BranchCount = get. BranchCount ( ND)
%Br anchCount. Counting the nunmber of branches

i f isenpty(ND. Branches)
BranchCount = 0;
el se
BranchCount = size(ND. Branches, 2);
end
end

function NodeCount = get.NodeCount ( ND)
%NodeCount . Counting the nunmber of nodes

i f isenpty(ND. Nodes)
NodeCount = O;

el se
NodeCount

si ze(ND. Nodes, 2);
end
end

met hods




function Sol veBranches( ND)
%sol veBr anches
% Sol ving all branches contained in the node.

| pmax = 50;
n = ND. BranchCount ;

Pi
fi

zeros(n, |pmax);
zeros(n, |pnmax);

% irst point
Pna = ones(n, 1)*ND. P*0.8;
dPna = Qbj Fcn(ND, Pna, n, 'branch');

%second poi nt
Pnb = ones(n, 1)*ND. P*1.3;
dPnb = Obj Fcn(ND, Pnb, n, 'branch');

Pnc = Pna;
Pi(:, 1) = Pnc;

for i = 2:1pmax
m = (dPna - dPnb)./(Pna - Pnb);
Pnc = Pnb - dPnb./m
dPnc = Qbj Fecn(ND, Pnc, n, 'branch');
for j = 1:n
if dPna(j)*dPnc(j) > O
dPna(j) = dPnc(j);
Pna(j) = Pnc(j);
el se
dPnb(j) = dPnc(j);
Pnb(j) = Pnc(j);
end
end
Pi(:, 1) = Pnc;
fi(:, i-1) = dPnc;
i f max(abs(dPnc)) < le-2
br eak
end
end
ND.Pj = Pi(:, 1:i);
ND.Fj = fi(:, 1:i-1);

ND. BOnodel . P = conversi onP(ND, ND.P, 'psi');
ND. Adi abati cM xi ng(' branch")
ND. Vi scosi t yAdj ust nent (' branch')

end

function Sol veNodes( ND)




%sol veNodes
% Sol ving all NodeObj included in the current object.

| pmax = 50;
n = ND. NodeCount ;

Pi
fi

= zeros(n, |pnmax);

= zeros(n, |pmax);

% irst point

Pna = ones(n, 1)*ND. P*0.8;

dPna = Obj Fcn(ND, Pna, n, 'node');

%second poi nt
Pnb = ones(n, 1)*ND. P*1.3;
dPnb = Obj Fcn(ND, Pnb, n, 'node');

for i 2: | pmax
m = (dPna - dPnb)./(Pna - Pnb);
Pnc = Pnb - dPnb./m

dPnc = Obj Fcn(ND, Pnc, n, 'node');

for j = 1:n
if dPna(j)*dPnc(j) > O
dPna(j) = dPnc(j);
Pna(j) = Pnc(j);
el se
dPnb(j) = dPnc(j);
Pnb(j) = Pnc(j);
end
end

Pi(:, 1) = Pnc;
fi(:, i-1) = dPnc;

i f max(abs(dPnc)) < le-2
br eak
end
end

ND. Pj
ND. Fij

Pi(:, 1:i);
fi(:, 1:i-1);

ND. BOnodel . P = conversi onP(ND, ND.P, 'psi');
ND. Adi abat i cM xi ng(' node")
ND. Vi scosi t yAdj ust nent (' node' )
end
end

% Hi dden)
nmet hods
function Sol veBranch(ND, i)
%ol veBr anch




% Sol ve branches. A branch is conposed by two el enents: a
% Si ngl eVl | Gbj and a Fl ow i ne.

obj = ND. Branches{i};

obj {1}. Pwh = ND. Pe;
obj {1} . Sol veSi ngl eVl |

obj {2} . BOmdel = obj{1}.BOrdel ;
obj {2}.Qc = reshape(obj{1}.flowates(end, 1:3), [3 1]);
obj {2}.rhosc = conversionrho(ND, reshape(obj{1}.props(end,

4:6), [3 1]), 'kg/nB");

Nodebj

secant

end

obj{2}.Q@ = obj{1}.flow ates(end, 7);
obj{2}.Pi = obj{1}.props(end, 1);
obj{2}.Ti = obj{1}.props(end, 2);

obj {2}. Sol veFl ow i ne

function Sol veNode(ND, i)

end

%sol veNode
% Sol ve nodes. A node is conposed by two elenents: a

% and a Fl ow i ne
obj = ND. Nodes{i };

obj {1}. P = ND. Pe;
obj {1} . Sol veBr anches

obj {2} . BOmdel = obj{1}. BOmdel ;

obj {2} . BOmdel . P = conversi onP(ND, obj{1}.P, 'psi');
obj {2}.BOmdel . T = conversi onT(ND, obj{1}.T, 'F);
obj {2}.Q@c = obj{1}. Gsc;

obj {2}.rhosc = Wi ghtDensity(ND, obj{1});

gs2r = obj {2}. BOrodel . gsc2ac;

gac = gs2r*obj{2}. sc;

obj{2}.Q@ = sum(gac(2:3));
obj{2}.Pi = obj{1}.P;
obj{2}.Ti = obj{1}.T;

obj {2}. Sol veFl ow i ne

function Fv = Qbj Fen(ND, P, n, type)

% bj Fcn
% Cbj ective function to solve branches or nodes using

% al gorithm

Fv = zeros(n, 1);
fval = zeros(n, 1);

switch | ower(type)




ns');

case 'branch’
for i = 1:n
ND. Pe = P(i);
ND. Sol veBr anch(i)
fval (i, 1) = ND. Branches{i}{2}. Po;

Fv(i) = ND.fobj (ND. P, fval (i, 1));
end
case 'node'
for i = 1:n
ND. Pe = P(i);
ND. Sol veNode(i )
fval (i, 1) = ND. Nodes{i}{2}. Po;
Fv(i) = ND.fobj (ND. P, fval (i, 1));
end

end
end

function AdiabaticM xi ng(ND, type)
%Adi abat i cM xi ng
% Adi abatic m xi ng of streanms conm ngling production from
% di fferent branches.

switch | ower(type)
case ' branch’
n = ND. BranchCount ;
case 'node'
n = ND. NodeCount ;

end

nmb = zeros(3, n);
gb = zeros(3, n);
eb = zeros(n, 1);

rhosc = zeros(3, n);

for i = 1:n
switch | ower(type)
case ' branch’
obj = ND. Branches{i};
case 'node’
obj = ND. Nodes{i };
end

obj {2}.BOmdel . T = conversi onT(ND, obj{2}.To, 'F');
qb(:, i) = obj{2}.Qsc;

gs2r = obj {2}.BOrodel . gsc2ac;
gaci = gs2r*qgb(:, i)/ (3600*24);
rhoi = conversionrho(ND, [obj{2}.BOrodel.grho;..

obj {2} . BOnodel . or ho; . .
obj {2} . BOnodel . wrho], ' kg/

m = qgaci. *rhoi

nmb(:, i) = m;

Cpi = conversi onCp(ND, [obj{2}.BOnmodel.gCp;..
obj {2} . BOnpdel . oCp; . .




obj {2} . BOmdel . wCp], 'Kj/
kg. k');
eb(i) = sum(obj{2}. To*m .*Cpi);
rhosc(:, i) = obj{2}.rhosc;
end

ND. BOmodel . gSG
+ all (~nb(1, :)))/1.205;

ND. BOmodel . 0SG
+ all (~nb(2, :)))/1000;

ND. BOmodel . wSG
+ all (~nb(3, :)))/1000;

sum(rhosc(1, :).*nmb(1, :))/(sumnb(1l, :))

sum(rhosc(2, :).*nmb(2, :))/(sumnb(2, :))

sum(rhosc(3, :).*nmb(3, :))/(sum nb(3, :))

Tm = ND. Tref;

for i = 1:50
[FT, DT] = M xingTenperature(Tm;
Tm= Tm - FT/DT;

if abs(FT) < le-2
br eak
end
end

ND. T = Tm
ND. BOnodel . T = conversionT(ND, Tm 'F');

function [FT, DT] = M xi ngTenper at ur e( TO)
%MV xi ngTenper at ur e.
% Cbj ective function function for the adiabatic m xing
of
% streans from branches.

dT = 1;

ND. BOnodel . T = conversi onT(ND, TO, 'F');
Cpm = conver si onCp(ND, [ ND. BOrodel . gCp;

ND. BOnodel . oCp; ...

ND. BOmodel . wCp], ' kj/kg.k');
FT = TO - sum(eb)/sun({sum nb, 2).*Cpnj;

ND. BOnodel . T = conversi onT(ND, TO + dT, 'F');
Cpm = conver si onCp(ND, [ ND. BOrodel . gCp;
ND. BOnodel . oCp;
ND. BOmodel . wCp], ' kj/kg.k');
FAT = (TO + dT) - sum(eb)/sum(sum(nb, 2).*Cpm;
DT = (RdT - FT)/dT;
end
end

function ViscosityAdjustnment (ND, type)
%/i scosi t yAdj ust nent .
% Cal culation to set the resulting viscosity at the node.




switch | ower(type)
case ' branch’
n = ND. BranchCount ;
case 'node'
n = ND. NodeCount ;

end

nrT = zeros(n, 2);
vimu = zeros(n, 2);
gsc = zeros(3, n);

rhosc = zeros(3, n);

for i = 1:n
switch | ower(type)
case 'branch’
obj = ND. Branches{i};
case 'node’
obj = ND. Nodes{i };
end

nrT(i, 1) = obj{2}.To;
obj {2}.BOmwdel . T = conversionT(ND, nrT(i, 1),
vimu(i, 1) = obj{2}.BOnpdel . onu;

nrT(i, 2) = obj{2}.To + 20;
obj {2}.BOwdel . T = conversionT(ND, nrT(i, 2),
vimu(i, 2) = obj{2}.BOnpdel . onu;

gsc(:, i) = obj{2}. Qsc;
rhosc(:, i)= obj{2}.rhosc
end

go = gsc(2, 1);
orho = rhosc(2, 1);
ovnu vimu(1, :);
omT = nrT(1, :)

obj = ND. I Nnodel ;

if n>1

for i =1
obj . Qo
obj . d

qo;
gsc(2, i + 1);

or ho;
rhosc(2, i + 1);

obj . orho
obj . drho

obj.nmmu = [ovmu; vrmu(i + 1, :)];
obj. mMmT =[omT;, mT(i + 1, :)];

obj.Th = ND. T;
obj . Bl endi ngRef er ence

go = sun(qgsc(2, i:i+l));

F;

F;




bnr T,

end

els

end

)

end

function rhosc = Wi ght Density(~,

n =
qj
rj

for j

end

e

end

obj .
obj .
obj
obj .

obj .
obj .

obj
obj .

nnog

.orho

dr ho

nr mu

mT =

.Tb =

obj . br ho;

o;

or ho;
0;

ovnu;
onr T,

ND. T;

Bl endi ngRef er ence

brmrmu =
brmr T = obj.bmT,;

ND. BOnodel . TuneVi scosi t y( bnr mu,

obj . bnr nu;

obj . BranchCount ;

zeros( 3,
zeros( 3,

aj (:
rj(:

rhosc =

end

nmet hods (Hi dden)

t hem

% -- unit conversion functions --

% pr ogr anmer
% integrating these functions as nethods, instead of

1:n
J
J

)
)

sum(qj . *rj."2, 2)./(sum(qj.*rj,

n);
n);

not es:

reshape(obj.bnrmu([1 3]), [1 2]);
reshape(obj.bnmrT([1 3]), [1 2]);

obj )

obj . Branches{j }{2}. Qsc;
obj . Branches{j }{2}. rhosc;

% as separate fuunctions is 1.0%- 1.5%faster

function nT = conversionT(~, oT,
%conversi onT. Tenperature
switch | ower(type)

end

case

case

nT
lfl
nT

C

(oT - 32)/1.8;

oT*1.8 + 32,

type)

conver si onT( ND

2) + sun(~qj,

| ist

2));
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end
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 nrho = conversionrho(~, orho,
%conver sionrho. Density
switch | ower(type)
case 'kg/ nB'
nrho = orho*16. 0186;
case 'l b/ft3
nrho = orho/ 16. 0186;
end
end

type)

function nCp = conversionCp(~, oCp, type)

%conversi onrho. Mass
switch | ower(type)
case 'kj/kg. k'
nCp = oCp*4. 2216;
case 'btu/lb.r’
nCp = oCp/ 4. 2216;
end
end
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