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APPENDIX A: DYNAMIC-Q OPTIMISATION ALGORITHM

A.1DYNQ.M

function [X,F]=dynqg(x0,varargin);
tic

o° A0 A° A A A A A° A A A A A O A J° o° d° o

o

A° AdC A O O A A A A A A A A A A A° O° O A A o°

o\°

DYNAMIC-Q ALGORITHM FOR CONSTRAINED OPTIMISATION
GENERAL MATHEMATICAL PROGRAMMING CODE

This code is based on the Dynamic-Q method of Snyman documented
in the paper "THE DYNAMIC-Q OPTIMISATION METHOD: AN ALTERNATIVE
TO SQP?" by J.A. Snyman and A.M. Hay. Technical Report, Dept Mech.
Eng., UP.

MATLAB implementation by A.M. HAY
Multidisciplinary Design Optimisation Group (MDOG)
Department of Mechanical Engineering, University of Pretoria

August 2002
UPDATED : 23 August 2002

BRIEF DESCRIPTION

Dynamic-Q solves inequality and equality constrained optimisation
problems of the form:

minimise F (X) ,  X={X(1),X(2),...,X(N)}

such that
Cp(X) <=0 r=1,2,...,NP
and
Hg(X) = 0 ag=1,2,...,NQ
with lower bounds
CLi(X) = V_LOWER(i)-X(NLV(i)) <= 0 i=1,2,...,NL
and upper bounds
CUJ (X) = X(NUV(3j))-V_UPPER(j) <= 0 j=1,2,...,NU
This is a completely general code - the objective function and the

constraints may be linear or non-linear. The code therefore solves
LP, QP and NLP problems.

User specified functions:

The objective function F and constraint functions C and H must be
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Appendix A: DYNAMIC-Q Optimisation Algorithm in MATLAB

% specified by the user in function FCH. Expressions for the
respective
% gradient vectors must be specified in function GRADFCH.

% {The user may compute gradients by finite differences if necessary
% - see example code in GradFCH}

% Side constraints should not be included as inequality constraints
% in the above subroutines, but passed to the dyng function as
% input arguments LO and UP. (Described below)

% In addition to FCH and GRADFCH the following functions are called
% by DYNQ and should not be altered:
g DQLFOPC, DQFUN, DOCONIN, DOCONEQ, DOGRADF, DOGRADC , DOGRADH

% In addition the script HISTPLOT.m plots various optimisation
% histories. To suppress automatic plotting set PRNCONST=0 below.

% synopsis:

% [X,F] = dyng(x0,lo,up,dml,xtol, ftol,clim,np,nqg, kloop);

% X = optimal solution (1xN)
% F = optimal function value

% inputs:

% x0 = starting point (1xN)

% lo = NLx2 matrix associated with lower limits on the
variables

% containing variable index NLV (i) in the first column

% associated value V_LOWER of that limit in the second
column

o)

% (optional, otherwise assumed no lower side
constraints)

Q

% up = NUx2 matrix associated with lower limits on the
variables

o)

% containing variable index NUV (i) in the first column
and

o)

% associated value V_UPPER of that limit in the second
column

Q

% (optional, otherwise assumed no upper side
constraints)

% dml = the move limit which should be approximately the same
order

% of magnitude as the "radius of the region of
interest"”

o\°

= sqgrt (n) *max-variable-range (optional, default =1)
% xtol = convergence tolerance on the step size (optional,
default =le-5)

% ftol = convergence tolerance on the function value (optional,
default =le-8)
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Appendix A: DYNAMIC-Q Optimisation Algorithm in MATLAB

% clim
violated

tolerance for determining whether constraints are

o

(optional, default =ftol*le2)
np = number of inequality constraints (optional)

o\

% ng = number of equality constraints (optional)

% Note: Both np and ng are optional and determined
automatically

% if not specified, but at the cost of an extra
function evalution.

% kloop = maximum number of iterations (optional, default = 100)
% NOTE: use [] to activate default inputs, for example

% [X,Fl=dyng(x0, [1,[]1,2); uses dml=2 but default values for all

% See FCH and GRADFCH for an example problem.
% ---- This program is for educational purposes only ----

G*****pPLOT OPTIMISATION HISTORIES AT END OF

PROGRAMP?***kkkkkkx Xk k k k k% % %

YES: 1 OR NO: O

o

o

PRNCONST=1;

%*k*k*‘k~k~k~k~k~k~k~k~k~k~k~k~k~k*‘k*‘k~k~k~k~k~k~k~k~k~k~k~k*‘k'k'k'k'k'k'k'k'k'k'k************************

* %

clc;

N=length (x0) ; % Determine number of variables
X=x0;

[dum,D]=size (varargin) ;
vars=cell (1,9);
vars (l:D)=varargin;

LO=vars{l};
UP=vars{2};
DML=vars{3};
XTOL=vars{4};
FTOL=vars{5};
CLIM=vars{6};
NP=vars{7};
NQ=vars{8};
KLOOPMAX=vars{9};

% default values
[NL, dum]=size (LO) ;
if NIL>0
NLV=LO(:,1)"';
VﬁLOWER=LO(:,2)';
else
NLV=[];
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Appendix A: DYNAMIC-Q Optimisation Algorithm in MATLAB

V_LOWER=[];
end
[NU, dum]=size (UP) ;

if NU>O0
NUV=UP(:,1)"';
V_UPPER=UP(:,2)';

else
NUV=[];
V_UPPER=[];

end

if isempty (DML)
DML=1; end

if isempty (XTOL)
XTOL=1le-5; end

if isempty (FTOL)
FTOL=1e-8; end

if isempty (CLIM)
CLIM=FTOL*1le2; end

if isempty (NP) |isempty (NQ)
[F,C,H]=fch(X);
NP=length (C) ;
if isempty (C)

NP=0;
end
NO=length (H) ;
if isempty (H)
NQO=0;

end

end

if isempty (KLOOPMAX)
KLOOPMAX=100; end

SHE A AR A A A AR A A AR A A R R

##C
%*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k************************
**C

% MAIN PROGRAM FOLLOWS: Do not alter!!!!

S %k Kk ok Kk ok ok k ks ok ok ok ok k ok ok ke k ok k ok sk ok ok sk ok ok ok ok ke ok ok ok ok sk ok ok ok ok ko ok ke ok ok ok ok ok ok ok sk ok ok ok ke k ok kK ok ok ok ok ok ok
**xC
SHAHHH A H A H A H AR H A H AR H AR H A R
##C

G ****QPEN OUPUT
FILES** %k kkkkkhkkhkkkkhkkkkkkk Xk Kk Kk Kk Kk Ak Kk Kk Kk Kk Kk k Kk *kk*x(C

Q

fidA=fopen ('Approx.out', 'wt+');
fidD=fopen ('DynamicQ.out', 'wt+"');
fidH=fopen ('History.out', 'wt+');

Q

°

G ****SPECIFY INITIAL APPROXIMATION

CURVATURES*************************C

%

ACURV=0.DO0O;
BCURV=zeros (1,NP) ;
if NP==

BCURV=[];
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end
CCURV=zeros (1,NQ) ;
if NQ==

CCURV=[];
end
GH****TINITIALIZE

OUTPUT************************************************C

FEASIBLE=0;

fprintf (fidA, ' DYNAMICQ OUTPUT FILE \n');
fprintf (fida, ' -——------—---——-————- \n');
fprintf (fida, ' Number of variables [N]= %i \n',6N);
fprintf (£ida,
(
(

' Number of inequality constraints [NP]= %i \n',6NP);
fprintf (fidA, ' Number of equality constraints [NQ]= %i \n',NQ);
fprintf (fidA, "' Move limit= %12.8e \n',DML);
fprintf (1, '\n DYNAMICQ OPTIMISATION ALGORITHM \n');
fprintf(l,' ——===—===———— \n');

% (MAXX=Maximum number of X-values to be displayed on screen)
MAXX=4;
if N<=MAXX
fprintf(l,' Iter Function value ? XNORM RED )
fprintf (1, 'X(%1) ',1:N);
fprintf(l,'\n —=-=====--————— ") ;
for I=1:N
fprintf (1, '--——————————- ',1:N);
end
fprintf (1, '\n");
else
fprintf(1l,' Iter Function value ? XNORM RFD '");
fprintf(l,'\n ——=———=————— \n');
end
fprintf (£idD, ' DYNAMICQ OPTIMISATION ALGORITHM\n') ;
fprintf (£idD, " —-——=====—=———— \n');
fprintf (£idD, ' Iter Function value ? XNORM RFD )
fprintf (£idD, "X (%1) ', 1N ;
fprintf (fidD, "\n");
FPrintf (F1dD, ' === —mmmmm e ") ;

for i=1:N

fprintf (fidD, '-———--------——= ")
end
fprintf (fidD, "\n") ;
% Initialize outer loop counter
KLOOP=0;

% Arbitrary large values to prevent premature termination
F_LOW=1.D6;

RFD=1.D6;

RELXNORM=1.D6;
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C A=zeros (1,NP+NL+NU+1) ;

G*****START OF OUTER OPTIMISATION

LOOP*********************************C

while KLOOP<=KLOOPMAX

$***** APPROXIMATE
FUNCTIONSH * %k kk k k k kA XXX XXXXX KKK KKK KKK K K K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk k(O

Q

% Determine function wvalues
[F,C,H]=fch(X);

% Calculate relative step size

if KLOOP>0
DELXNORM=Sqrt((X_H(KLOOP,:)—X)*(X_H(KLOOP,:)—X)');
XNORM=sqgrt (X*X") ;
RELXNORM=DELXNORM/ (1+XNORM) ;

end

Q

% Determine lowest feasible function value so far
if KLOOP>0
FEASIBLE=1;
check=find (C<CLIM) ;
if isempty (check) &NP>0;
FEASIBLE=0;
end
check=find (abs (H) <CLIM) ;
if isempty (check) &NQO>0;
FEASIBLE=0;
end
for I=1:NL
if C A (I+NP)>CLIM
FEASIBLE=0;
end
end
for I=1:NU
if C_A(I+NP+NL)>CLIM
FEASIBLE=0;
end
end
end

o)

% Calculate relative function difference
if F_LOW~:1.D6&FEASIBLE::

RFD=abs (F-F_LOW) / (1+abs (F));
end

if FEASIBLE==1&F<F7LOW
F_LOW=F;
end
% Store function values
X H(KLOOP+1, :)=X; % Need to adjust from Fortran version since

A-6
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F_H(KLOOP+1)=F; % Matlab does not accept 0 as a matrix index
if NP>O0
C_H(KLOOP+1,1:NP)=C;
end
if NL>O

C_H(KLOOP+1,NP+1:NP+NL)=C A (NP+1:NP+NL) ;

end

if NU>O0
C_H(KLOOP+1,NP+NL+1:NP+NL+NU)=C_A(NP+NL+1:NP+NL+NU);

end

C_H(KLOOP+1,NP+NL+NU+1)=C_A(NP+NL+NU+1);

if NQO>0
H H(KLOOP+1, :)=H;

end

o

Determine gradients
[GF,GC,GH]=gradfch (X) ;

o

Calculate curvatures
if KLOOP>0
DELX=X_H(KLOOP,:)—X_H(KLOOP+1,:);
DELXNORM=DELX*DELX"' ;

o

Calculate curvature ACURV
DP=GF*DELX"';
ACURV=2.*(F_H(KLOOP)—F_H(KLOOP+1)—GF*DELX')/DELXNORM;

for J=1:NP
DP=GC (J, :) *DELX"';
Calculate corresponding curvature BCURV (J)
BCURV (J) =2.* (C_H (KLOOP, J) -C_H (KLOOP+1, J) -
GC(J, :) *DELX'"') /DELXNORM;
end

oe

for J=1:NQ
DP=GH (J, :) *DELX"';
% Calculate corresponding curvature CCURV (J)
CCURV (J)=2.* (H_H(KLOOP, J) -H_H (KLOOP+1, J) -
GH(J, :) *DELX') /DELXNORM;
end
end

&*****RECORD PARAMETERS FOR THE
TTERATTION****xkkkkxkkkk Ak kkk kA kkk kX * k k% % %

o)

% Write approximation constants to Approx.out
fprintf (fidA, ' Iteration %i \n',KLOOP);

fprintf (fida,"' -———=------—-—- \n');
fprintf (£fida, ' X=\n"');
for I=1:N

fprintf (fidA, ' $12.8f ',X(I));
end
fprintf (fida, '\n F= %15.8e\n',F);
for I=1:NP

fprintf (fidA, ' C(%1)=%15.8e',I,C(I));
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end
for I=1:NQ

fprintf (fidA, " H(%1)=%15.8e',I,H(I));
end

fprintf (£fidA, ' Acurv=%15.8e',ACURV) ;
for I=1:NP

fprintf (fidA, ' Bcurv(%i)=%15.8e',I,BCURV(I));
end
for I=1:NQ
fprintf (fidA, ' Ccurv(%1i)=%15.8e',I,CCURV(I));
end

% Write solution to file
if KLOOP==
fprintf (£idD, ' %4i %+19.12e %i
', KLOOP, F, FEASIBLE) ;
else
if REFD~=1.D6
fprintf (£idD, ' %41 %+19.12e %i %9.3e
$9.3e',KLOOP, F, FEASIBLE, RELXNORM, RFD) ;
else
fprintf (£idD, ' %$4i %$+19.12e %i %9.3e
', KLOOP, F, FEASIBLE, RELXNORM)
end
end
fprintf (£idD, ' %+13.6e',X);
fprintf (£fidD, "\n") ;

’

$ Write solution to screen
if KLOOP==0
if N<=MAXX

fprintf(1l,' %41 %+14.7e %i
', KLOOP, F, FEASIBLE) ;

fprintf(1,' %+9.2e',X);
fprintf (1, '\n");

else
fprintf(1l,' %41 %+14.7e %i\n',KLOOP,F,FEASIBLE) ;

end

else

if N<=MAXX
if RFD~=1.D6&FEASIBLE==
fprintf(1l,' %4i %$+14.7e %i %9.3e
%$9.3e',KLOOP, F, FEASIBLE, RELXNORM, RFD) ;
else
fprintf (1,' %41 %$+14.7e %$i %9.3e
' ,KLOOP, F, FEASIBLE, RELXNORM) ;
end
fprintf (1,' %+9.2e',X);
fprintf (1, '\n");
else
if REFD~=1.D6&FEASIBLE==
fprintf(1l,' %4i %$+14.7e %i %9.3e
%9.3e\n',KLOOP, F, FEASIBLE, RELXNORM, RFD) ;
else
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fprintf (1,' %41 %$+14.7e %i
%9.3e\n',KLOOP, F, FEASIBLE, RELXNORM) ;
end
end
end

[

% Exit do loop here on final iteration
1if KLOOP==KLOOPMAX | REFD<FTOL | RELXNORM<XTOL
if KLOOP==KLOOPMAX

fprintf (1,' Terminated on max number of steps\n');
fprintf (£idD, ' Terminated on max number of steps\n');
end
if REFD<FTOL
fprintf (1,' Terminated on function value\n');
fprintf (fidD, ' Terminated on function value\n');
end
1if RELXNORM<XTOL
fprintf(l,' Terminated on step size\n');
fprintf (fidD, ' Terminated on step size\n');
end
fprintf (1, '\n");
fprintf (£idD, '"\n"'");
break;
end

G ****SOLVE THE APPROXIMATED

SUBPROBLEM****k*k*k*k*k*k*k**********************C

[X,F A,C_A,H Al=dqlfopc (X,NP,NQ,F,C,H,GF,GC,GH, ACURV, BCURV, CCURV, DML.
,NL,NU,NLV,NUV,V_LOWER,V UPPER, XTOL, KLOOP) ;

Q

% Record solution to approximated problem

fprintf (fidA, 'Solution of approximated problem:\n');
fprintf (fidA, 'X=\n");
for I=1:N
fprintf (fida, ' %12.8f\n',X(I));
end
fprintf (fidA,' F_A=%15.8e\n',F _A);
for I=1:NP+NL+NU+1
fprintf (fidA, 'C_A(%i)=%15.8e\n"',I,C A(I));
end
for I=1:NQ
fprintf (fidA, 'H A(%1)

$15.8e\n',I,H A(I));
end

Q

% Increment outer loop counter
KLOOP=KLOOP+1;
end

Q

% Write final constraint values to file

if NP>0
fprintf (£idD, ' Final inequality constraint function values:\n');

A-9
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for I=1:NP
fprintf (fidD,' C(%1i)=%15.8e\n',I,C(I));
end
end
if NQ>0
fprintf (£idD, ' Final equality constraint function values:\n');
for I=1:NQ
fprintf (fidD,' H(%1i)=%15.8e\n',I,H(I));
end
end
if NL>O0

fprintf (£idD, ' Final side (lower) constraint function
values:\n');
for I=1:NL
fprintf (£idD, ' C(X(

o©°

i))=%15.8e\n',NLV(I),C A(NP+I));
end
end
if NU>0
fprintf (£idD, ' Final side (upper) constraint function
values:\n');
for I=1:NU
fprintf (£idD, ' C(X(

o

i))=%15.8e\n',NUV(I),C A (NP+NL+I));
end
end

[

% Write final constraint values to screen
fprintf(1l,' Constraint values follow:\n\n')

if NP>0
fprintf(1,"' Final inequality constraint function values:\n');
for I=1:NP
fprintf(l,' C(%1i)=%15.8e\n',I,C(I));
end
end
if NO>0
fprintf(l,' Final equality constraint function values:\n');
for I=1:NQ
fprintf(l,' H(%1i)=%15.8e\n',I,H(I));
end
end
if NIL>0
fprintf(1l,' Final side (lower) constraint function values:\n');
for I=1:NL
fprintf(1,' C(X(%1))=%15.8e\n',NLV(I),C A(NP+I));
end
end
if NU>0
fprintf(1l,' Final side (upper) constraint function values:\n');
for I=1:NU
fprintf(1,' C(X(%i))=%15.8e\n',NUV(I),C A (NP+NL+I));
end
end

o)

% Write history vectors

fprintf (fidH, ' %$31%31%31%31%3i%3i\n', KLOOP,N,NP,NL,NU,NQ) ;
for I=1:KLOOP+1

A-10
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fprintf (fidH, ' %3i %15.8e',I-1,F H(I));

J=1:N
fprintf (£idH, ' %l5.8e',X_H(I,J));

fprintf (fidH, '\n") ;

I=1:KLOOP+1
fprintf (£fidH, "' %3i',I-1);
for J=1:NP
fprintf (fidH, ' %15.8e',C H(I,J));

end

for
end

end

if NP>O0
for
end

end

if NIL>O0
for
end

end

if NU>O0
for
end

end

if NO>O0
for
end

end

fprintf (fidH, '\n");

I=1:KLOOP+1
fprintf (fidH, ' %3i',I-1);
for J=NP+1:NP+NL
fprintf (fidH, ' %15.8e',C _H(I,J));
end
fprintf (fidH, '"\n");

I=1:KLOOP+1
fprintf (fidH, ' %3i',I-1);
for J=NP+NL+1:NP+NL+NU
fprintf (fidH, ' %15.8e',C_H(I,J));
end
fprintf (fidH, "\n");

I=1:KLOOP+1
fprintf (fidH, ' %3i',I-1);
for J=1:NQ
fprintf (fidH, ' %15.8e',H H(I,J));
end
fprintf (£fidH, '\n"');

fclose (£idD) ;
fclose (fidH) ;
fclose (fidAa) ;

if PRNCONST
histplot;

o oe

o\°

end
toc

disp('Press a key to continue');
pause;
close all;

A-11
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A2FCH.M

function [F,C,H]=fch(X);
Objective and constraint function evaluation for DYNAMIC-Q
(USER SPECIFIED)

o° 0o oe

o\

synopsis:

o

o\

[F,C,H]=fch(X);

o

% outputs:

% F = objective function value

% C = vector of inequality constraint functions (1xNP)
% H = vector of equality constraint functions (1xNQ)

% inputs:

o

X = design vector (1xN)

o

o

o

o

The application of the code is illustrated here for the very simple
but general example problem (Hock 71):

o° o

o

minimise F (X)
such that

X(1)*X(4)* (X (1)+X(2)+X(3))+X(3)

o

o

C(X) = 25-X(1)*X(2)*X(3)*X(4) <=0

o

and

o

s

<
Il

X(1)72+X(2) 24X (3) "2+X (4) ~2-40 = 0

o

o

and side constraints

oe

oe
i

<= X(I) <=5, I=1,2,3,4

oe

o

Starting point is (1,5,5,1)

o

oe

Solution of this problem is accomplished by:
(with FCH and GRADFCH unaltered)

oe

oe

% x0=[1,5,5,1] % Specify starting point

% lo=[1:4;1,1,1,1]" % Specify lower limits

% up=[1:4;5,5,5,5]"' % Specify upper limits

% [X,F]l=dyng(x0,lo,up); % Solve using Dynamic-Q

oe

o

NOTE: This function should return C=[]; H=[]; 1f these are
not defined.

o oo

oe

See also DYNQ and GRADFCH

oe

oe

%My programme in FCH

o\°

x1 is the hydraulic diameter of the elemental channel

A-12



UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
oW

Appendix A: DYNAMIC-Q Optimisation Algorithm in MATLAB

% x2 1is the height or width of the elemental volume

$x = [ 0.00005*0.870.5 0.00005]

fid = fopen('designvariable.jou','w');

for i=1:2
fprintf (fid, '$x%g
end

fclose (fid) ;

= %g\n',1i,X(1));

!cd C:\FLUENT PRACTICE 3\CYLINDER\CYLINDER DYNQ

!designlink.bat
!Gabitlink.bat

'Fluentlink.bat

fid = fopen('CylinderTemp.dat', 'r');

CylinderTemp = textscan(fid, '$f %$f %$f %$f %f ', 20000, 'headerlines',

1);

Tmax = max (CylinderTemp{:,5})-273.15;

fclose (fid) ;

F = Tmax';

o

w = X(1) + 2*X(2)

’

POROSITY = (X (1)/X(2))"2.;
$POROSITY = (X(1)/(X(1)+2*X(2)))"2;
X, POROSITY, F

%$Inequality Constraints

A-13
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(X(1) /X (2))"2;

porosity

%

——_—_—_—_—_——
——_—_—_—_—_——

%using dh and h FOR C

Q
Q

o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o©°
o

o\
o\
o\
o\
o\
o

- X(1)"2;
0.1.*%X(2)"2;
- X(1)"2;

0.2.*X(2)"2;

0.05.*X(2)"2
0.05.*X(2) "2

C(2)= X(1)"2

C(1)
C(2)= X(1)"2

C(1)

o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o

oo
oo
oo
oo
o
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0.2.*X(2)"2;
0.1.*X(2)"2;

value

To eliminate error messages
H=[1;

Do not delete

h > d

H(1l)=(X(1)*X(2)/0.01)-1;

Equality Constraints

H(1)=X(1)"2
H(1)=X(1l)"2

°

f—-—_————————

if ~exist('C")
if ~exist ('H'")

Q

o

E]

o

E]

o

E]
end
end
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A.3 GRADFCH.M

function [GF,GC,GH]=gradfch (X);

A° 0 0© A A° A° A A A A A A A A A A A A AN A A O° O° IO IO o

o

oe

(USER SPECIFIED)
synopsis:
[GF,GC,GH]=gradfch (X) ;

outputs: Partial derivatives wrt variables X (I) of

GF = objective function (1xN)

GC = inequality constraint functions (NPxN)

GH = equality constraint functions (NQxN)
inputs:

X = design vector (1xN)

COMPUTE THE GRADIENT VECTORS OF THE OBJECTIVE FUNCTION F,
INEQUALITY CONSTRAINTS C, AND EQUALITY CONSTRAINTS H
W.R.T. THE VARIABLES X (I):
GF(I),I=1,N
GC(J,I), J=1,NP
GH(J,I), J=1,NQ

NOTE: This function should return GC=[]; GH=[]; 1if these are
not defined.

See also DYNQ, FCH

Determine gradients by finite difference

FDFLAG=1;
if FDFLAG
DELTX=1.D-4; % Finite difference interval

[F,C,H]=fch (X);
N=length (X) ;
for I=1:N
DX=X;
DX (I)=X(I)+DELTX;
[F D,C D,H D]=fch (DX) ;
GF(I)=(F7D—F)/DELTX;
if ~isempty (C)

GC(1,1)= - 2.*X(1);
GC(1l,1)= - 2.*X(1);
GC(1,2)= 0.1.*X(2);

Objective and constraint function GRADIENT evaluation for DYNAMIC-Q
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GC(2,1)= 2.*X(1);

GC(2,2)= -0.4.*X(2);

end

end
end
end

o

To eliminate error messages
% Do not erase
if ~exist ('GC'")

end

if ~exist ('GH'")
GH=[1;

end
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A4 RUNDYNQ

%$This program initiates DYNQ.M
clear all

clc

tic

dml = 0.005;

xtol = le-8;

ftol = le-6;

clim = ftol;

np = 2;

ng = [];

kloop = 100;

x0 = [0.25 0.4 1; % Specify starting point 40kbc 1.238774e-001
lo = [1:2; 0.08 , 0.2 1'; %Specify lower limits % (Note the use of

the transpose)

up = [1:2; 0.25 , 0.8 ]1'; %Specify upper limits % (Note the use of
the transpose)

% Synopsis: % Solve using Dynamic-Q

[X,F] = dyng(x0,lo,up,dml,xtol, ftol,clim,np,nqg, kloop);

toc
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Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

APPENDIX B: GAMBIT JOURNAL FILE FOR GEOMETRY
AND MESH GENERATION OF COOLING
CHANNELS

B.1 CIRCULAR COOLING CHANNELS JOURNAL FILE

/Parameter

/1777

/read the dimension of the brick volume 1
/Svo= ((( $x )"2* (0.01))"(1/3))

/Swl = ( $x1 + 2*$x2)/1000

Swl = $x2/1000

/$wl = $x/S$v

/8wl = $x

/swl = $x/1000

$dl = Swl

$hl = 0.01
e it /

/read the dimension of the cylinder volume 2
$r1=$x1/2/1000

/$r1=$dh/2/$v

/$rl=5dh

/$r1=5dh/1000

Sr3=5rl
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/read the offset origin of brick volume 1

Soffsetxl = 0.5*Swl
Soffsetyl 0.5*%sd1
Soffsetzl =-0.5*$hl

/read the offset origin of cylinder volume 2

Soffsetcylhl = 0
Soffsetcylrl = 0
Soffsetcylr3 =-0.5*$hl

/move by offset cylinder volume 2

Smovexl = 0.5*Swl

Smoveyl = 0.5*$wl

Smovezl = 0
s /

/mesh brick V1
/$meshvl=0.12*Swl
Smeshvl1=0.1*$wl
/$meshvl1=0.08*Swl

/Smeshvl=Smeshl

/mesh cylinder V2
Smeshv2=0.1*$x1/1000

/Smeshv2=0.1*2*Srl

/Smeshv2=0.07*2*Srl
Smeshv2=0.1*Sdh

/Smeshv2=Smesh?

volume create width $wl depth $dl height $hl offset $offsetxl

Soffsetyl Soffsetzl brick
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volume create height $hl radiusl $rl radius3 $r3 offset $Soffsetcylhl

Soffsetcylrl $Soffsetcylr3 zaxis frustum

volume move "volume.2" offset Smovexl S$moveyl S$movezl
et /
volume subtract "volume.l" volumes "volume.2" keeptool

face connect "face.7" "face.8" "face.9" "face.l0" real

/e /
volume mesh "volume.l" cooper source "face.l" "face.6" size $meshvl
volume mesh "volume.2" cooper source "face.7" "face.9" size $meshv2

/e /
physics create "wall front" btype "WALL" face "face.6"

physics create "wall back" btype "WALL" face "face.l"

physics create "symmetry top" btype "SYMMETRY

" face "face.5"

physics create "symmetry bottom" btype "SYMMETRY" face

"face.2"

physics create "symmetry left" btype "SYMMETRY" face "face.3"

physics create "symmetry right" btype "SYMMETRY" face

"face.4"

physics create "pressure inlet" btype "PRESSURE INLET" face "face.9"

physics create "pressure outlet" btype "PRESSURE OUTLET" face

"face.7"
physics create "wall internal" btype "WALL" face "face.8"
physics create "solid" ctype "SOLID" volume "volume.l"
physics create "fluid" ctype "FLUID" volume "volume.2"
/e /
save name "C:\\FLUENT PRACTICE 3\\CYLINDER\\CYLINDER
DYNQ\\CylinderDYNQDW.dbs"
export fluent5 \
"C:\\FLUENT PRACTICE 3\\CYLINDER\\CYLINDER
DYNQ\\CylinderDYNQDW.msh"
save
e /
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B.2 SQUARE COOLING CHANNELS JOURNAL FILE

/read the dimension of the brick volume 1

Swl = $x2/1000

/$wl = $x
$d1 = Swl
$hl = 0.01
et /

/read the dimension of the brick volume 2

Sw2=$x1/1000

/$w2=8$dh

$d2=Sw2

$hl = 0.01
ittt /

/read the offset origin of brick volume 1
Soffsetxl = 0.5*$Swl

Soffsetyl

0.5*%8d1

Soffsetzl =-0.5*$hl

/read the offset origin of brick volume 2

Soffsetx?2

0.5*Sw2

Soffsety?

0.5*%8d2

Soffsetz2 =-0.5*$hl

/move by offset brick volume 2

Smovex?2 = 0.5* (Swl-Sw2)
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Smovey2 = 0.5* ($d1-$d2)
Smovez2 = 0
= /

/mesh brick V1

Smeshv1l=0.08*Swl
/Smeshvl=0.2*Swl

/Smeshvli=Smeshl

/mesh brick V2

/Smeshv2=0.07*Sw2
Smeshv2=0.2*Sw2

/Smeshv2=Smesh?

volume create width $wl depth $dl1 height $hl offset Soffsetxl

Soffsetyl Soffsetzl brick

volume create width $w2 depth $d2 height $hl offset Soffsetx2

Soffsety2 S$Soffsetz2 brick

volume move "volume.2" offset Smovex2 S$Smovey2 S$movez?2

volume subtract "volume.l" volumes "volume.2" keeptool

face connect "face.7" "face.8" "face.9" "face.l0" "face.ll" "face.l2"

\ "face.l5" "face.l6" "face.l7" "face.l8" real

/e e /
volume mesh "volume.l" cooper source "face.l" "face.6" size $meshvl
volume mesh "volume.2" cooper source "face.7" "face.l2" size S$meshv2
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physics create
physics create
physics create
physics create

physics create

ol
Appendix B: Gambit journal file for geometry and mesh generation of cooling channels
e R /

"wall front" btype "WALL" face "face.6"

"wall back" btype "WALL" face "face.l"

"symmetry top" btype "SYMMETRY" face "face.5"
"symmetry bottom" btype "SYMMETRY" face "face.2"
"symmetry left" btype "SYMMETRY" face "face.3"
"symmetry right" btype "SYMMETRY" face "face.4"

physics create
physics create
physics create
physics create

physics create

"wall top internal" btype "WALL" face "face.ll"

"wall bottom internal" btype "WALL" face "face.8"

"wall left internal"” btype "WALL" face "face.9"

"wall right internal" btype "WALL" face "face.1l0"

physics create "Pressure inlet" btype "PRESSURE INLET" face "face.l2"

physics create "Pressure outlet" btype "PRESSURE OUTLET" face

"face.7"

physics create "fluid" ctype "FLUID" volume "volume.2"

physics create "solid" ctype "SOLID" volume "volume.l"

e /

save name "C:\\FLUENT PRACTICE 3\\SQUARE\\SQUARE

DYNQ\\SquareDYNQDW.dbs"

export fluent5 "C:\\FLUENT PRACTICE 3\\SQUARE\\SQUARE

DYNQ\\SquareDYNQDW.msh"

save

o /

B.3 ISOCELES RIGHT TRIANGULAR COOLING CHANNELS
JOURNAL FILE

/e /

/Parameter

11777

/read the dimension of the Brick volume 1
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/Swl = ( $x1 + $x2)

Swl = $x2/1000

/$wl = S$w
$dl = Swl
shl = 0.01
/= /

/read the offset origin of brick volume 1

Soffsetxl = 0.5*Swl
Soffsetyl = 0.5*$d1
Soffsetzl = 0.5*3hl

~
L%
o
=
Il

ShT
/$dh = $dh
Sa = $x1/1000

ShT = $a/2

RO

[oR

[=p
Il

$ar2/(Sa + (2)70.5*3%a )

vertice or point 1

Svertxl = 0
Svertyl = O
Svertzl = 0
e /

vertice or point 2

Svertx2 = Sa

Sverty2 = 0

Svertz2 = 0

[ /

vertice or point 3

Svertx3 = 0.5*$%a
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Sverty3 = S$ShT
Svertz3 = 0
[ e e /

/move by offset Triangle volume 2

Smovexl 0.5* (Swl-Sa)

Smoveyl = 0.5* ($wl-$ShT)

Il
o

Smovezl

/mesh brick V1

Smeshv1=0.09*Swl

/mesh Triangle V2

/$meshv2=0.1*$x1

/S$meshv2=0.1*$wl

Smeshv2=0.09*$dh

volume create width $wl depth $dl height $hl offset S$offsetxl

Soffsetyl \
-Soffsetzl brick

vertex create coordinates S$vertxl Svertyl Svertzl

vertex create coordinates S$vertx2 Sverty2 Svertz2

vertex create coordinates Svertx3 Sverty3 S$Svertz3

edge create straight "vertex.9" "vertex.10"
edge create straight "vertex.1l0" "vertex.11"
edge create straight "vertex.9" "vertex.11"

- /
face create wireframe "edge.l3" "edge.l4" "edge.l5" real
e /

volume create translate "face.7" vector 0 0 -$Shl
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volume move "volume.2" offset Smovexl S$moveyl S$Smovezl

volume subtract "volume.l" volumes "volume.2" keeptool

face connect "face.l" "face.2" "face.3" "face.4" "face.5" "face.o"
"face.7" \

"face.8" "face.9" "face.l0" "face.ll" "face.l2" "face.l3" "face.l4"
real

face link "face.2" "face.5" edges "edge.5" "edge.l2" vertices
"vertex.5" \
"vertex.7" reverse periodic

e e e L e /
volume mesh "volume.l" cooper source "face.l" "face.6" size S$meshvl
volume mesh "volume.2" cooper source "face.8" "face.7" size S$Smeshv2
/e /

physics create "wall front" btype "WALL" face "face.6"

physics create "wall back" btype "WALL" face "face.l"

physics create "wall internal left" btype "WALL" face "face.1l0"
physics create "wall internal right" btype "WALL" face "face.ll"
physics create "wall internal bottom" btype "WALL" face "face.9"
physics create "symmetry left" btype "SYMMETRY" face "face.3"
physics create "symmetry right" btype "SYMMETRY" face "face.4"
physics create "Periodic BT" btype "PERIODIC" face "face.2" "face.b5"
physics create "pressure inlet" btype "PRESSURE INLET" face "face.7"
physics create "pressure outlet" btype "PRESSURE OUTLET" face
"face.8"

physics create "solid" ctype "SOLID" volume "volume.l"

physics create "fluid" ctype "FLUID" volume "volume.2"

save name \
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"C:\\FLUENT PRACTICE 3\\TRIANGLE\\TRIANGLE
DYNQPeriodic45\\TriangleDYNQPeriodic45DW.dbs"

export fluent5 \

"C:\\FLUENT PRACTICE 3\\TRIANGLE\\TRIANGLE
DYNQPeriodic45\\TriangleDYNQPeriodic45DW.msh"

save

B.4 EQUILATERAL TRIANGULAR COOLING CHANNELS

JOURNAL FILE

/Parameter

/read the dimension of the Brick volume 1

/Swl = ( $x1 + $x2)

Swl = $x2/1000

/swl = Sw

$dl = Swl

$hl = 0.01

/= oo /

/read the offset origin of brick volume 1

Soffsetxl = 0.5*Swl

Soffsetyl = 0.5*$d1
Soffsetzl = 0.5*5hl
[ m e /

/read the dimension of the Triangle volume 2

/$a $x1/1000

/$a = $x1/1000

ShT (3)70.5/2*%a

$dh = $a/(3)"70.5
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/vertice or point 1

Svertxl
Svertyl =
Svertzl =

|
o o o

/vertice or point 2

Svertx2 = Sa

Sverty2 = 0

Svertz2 = 0

= /
/vertice or point 3

Svertx3 = 0.5*Sa

Sverty3 = S$hT

Svertz3 = 0

/= /

/move by offset Triangle volume 2

Smovexl 0.5*(Swl-Sa)

Smoveyl = 0.5* ($Swl-$hT)

Il
o

Smovezl

/mesh brick V1

Smeshv1=0.09*Swl
/mesh Triangle V2
/$meshv2=0.1*$x1
/$meshv2=0.1*Swl

Smeshv2=0.09*S$dh

volume create width $wl depth $dl1 height $hl offset $offsetxl
Soffsetyl \
-Soffsetzl brick

vertex create coordinates S$vertxl $vertyl Svertzl
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vertex create coordinates S$Svertx2 Sverty2 Svertz2

vertex create coordinates $vertx3 S$verty3 Svertz3

edge create straight "vertex.9" "vertex.10"
edge create straight "vertex.1l0" "vertex.11"
edge create straight "vertex.9" "vertex.l1l1l"

/e /
face create wireframe "edge.l3" "edge.l4" "edge.l5" real
e e et /

volume create translate "face.7" vector 0 0 -$hl

volume subtract "volume.l" volumes "volume.2" keeptool

face connect "face.l" "face.2" "face.3" "face.4" "face.5" "face.o6"
"face.7" \

"face.8" "face.9" "face.l0" "face.ll" "face.1l2" "face.l1l3" "face.l1l4"
real

face link "face.2" "face.5" edges "edge.5" "edge.l2" vertices
"vertex.5" \
"vertex.7" reverse periodic

/e /

volume mesh "volume.l" cooper source "face.l" "face.6" size S$Smeshvl
volume mesh "volume.2" cooper source "face.8" "face.7" size $meshv2
e /

physics create "wall front" btype "WALL" face "face.6"
physics create "wall back" btype "WALL" face "face.l"

physics create "wall internal left" btype "WALL" face "face.1l0"

physics create "wall internal right" btype "WALL" face "face.ll"

physics create "wall internal bottom" btype "WALL" face "face.9"

physics create "symmetry left" btype "SYMMETRY" face "face.3"
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physics create "symmetry right" btype "SYMMETRY" face "face.4"
physics create "Periodic BT" btype "PERIODIC" face "face.2" "face.b"
physics create "pressure inlet" btype "PRESSURE INLET" face "face.7"
physics create "pressure outlet" btype "PRESSURE OUTLET" face
"face.8"

physics create "solid" ctype "SOLID" volume "volume.l"

physics create "fluid" ctype "FLUID" volume "volume.2"

save name \
"C:\\FLUENT PRACTICE 3\\TRIANGLE\\TRIANGLE
DYNQPeriodic60\\TriangleDYNQPeriodicDW.dbs"

export fluent5 \
"C:\\FLUENT PRACTICE 3\\TRIANGLE\\TRIANGLE
DYNQPeriodic60\\TriangleDYNQPeriodicDW.msh"

save

/Parameter

/11177

/read the dimension of the brick volume 1

/Swl = SWex

/$dl

SHex
Swl = $x1/1000
$dl = $x2/1000

/Swl

Sx1

/$dl = S$x2
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/$DHex = (2* ($x1*$x2))/ ($x1 + $x2)/1000

$hl = 0.01

/read the dimension of the brick volume 2

/$w2 = Swin
/$d2 = $hin
Sw2 = $x3/1000

$d2 = $x4/1000

/Sw2

$x3

/$d2 $x4
/$dhin = (2*($x3*$x4))/($x3 + $x4)/1000

$hl = 0.01

/read the offset origin of brick volume 1
Soffsetxl = 0.5*$wl

Soffsetyl

0.5*$d1
Soffsetzl =-0.5*$hl
/read the offset origin of brick volume 2

Soffsetx2 = 0.5*Sw2

Soffsety2 0.5*%d2

Soffsetz2 =-0.5*$hl

/move by offset brick volume 2

Smovex?2 0.5*% (Swl-Sw2)

Smovey2 = 0.5* ($d1-$d2)

Il
o

Smovez?2

/mesh brick V1

B-14



UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
oW

Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

$meshv1=0.09*S$DHex

/$meshv1=0.2* ($DHex - $dhin)
/$meshvl=0.12% (2* ($x1*$x2))/ ($x1 + $x2) /1000
/$meshvl=0.12*% (2% ($Sx1*$x2))/ ($x1 + $x2)
/$meshvl=0.12*S$Hex

/Smeshvl1=0.12*SWex

/mesh brick V2

$meshv2=0.09*$dhin
/$meshv2=0.1% (2* ($x3*$x4))/ ($x3 + $x4) /1000
/$meshv2=0.1% (2* ($x3*$x4))/ ($x3 + $x4)

/Smeshv2=0.1*Swin

volume create width $wl depth $dl1 height $hl offset Soffsetxl
Soffsetyl Soffsetzl brick
volume create width $w2 depth $d2 height $hl offset Soffsetx2

Soffsety2 S$Soffsetz2 brick

volume move "volume.2" offset $Smovex2 S$Smovey2 $movez?2

volume subtract "volume.l" volumes "volume.2" keeptool

e /
face connect "face.7" "face.8" "face.9" "face.l0" "face.ll" "face.l2"
' "face.l5" "face.l6" "face.l7" "face.1l8" real

e /
volume mesh "volume.l" cooper source "face.l" "face.6" size Smeshvl
volume mesh "volume.2" cooper source "face.7" "face.l2" size S$meshv2
Y e e ittt /

physics create "wall front" btype "WALL" face "face.6"
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physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create

"face.7"

physics create

physics create

save name \

"wall back" btype "WALL" face "face.l"

"symmetry top" btype "SYMMETRY" face "face.5"

"symmetry bottom" btype "SYMMETRY" face "face.2"

"symmetry left" btype "SYMMETRY" face "face.3"

"symmetry right" btype "SYMMETRY" face "face.4"

"wall top internal" btype "WALL" face "face.ll"

"wall bottom internal”™ btype "WALL" face "face.8"
"wall left internal" btype "WALL" face "face.9"

"wall right internal" btype "WALL" face "face.l1lO0"

"pressure inlet" btype "PRESSURE INLET" face "face

"pressure outlet" btype "PRESSURE OUTLET" face

"solid" ctype "SOLID" volume "volume.l"

"fluid" ctype "FLUID" volume "volume.2"

"C:\\FLUENT PRACTICE 3\\RECTANGLE\\RECTANGLE
DYNQ\\RECTANGLEDYNQDW.dbs"

export fluentb

\

"C:\\FLUENT PRACTICE 3\\RECTANGLE\\RECTANGLE
DYNQ\\RECTANGLEDYNQDW.msh"

J12m
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B.6 VASCULARISED SOLID WITH COOLING CHANNELS

JOURNAL FILE

/read the dimension of the brick volume 1

/$wl = $x2/1000 opt

/$wl = $x2/1000

/$wl = 0.0004

/$wl = $x BF

/$wl = $x

/S$wl = $x/1000 sensitivity analysis
Swl = $x/1000

$dl = $Swl

/$hl = 0.01

$hl = 0.01

/read the dimension of the brick volume 2

/Sw2=$x1/1000 opt

/Sw2=%$x%1/1000

/S$w2=$dh =0.0002

/Sw2=$dh BF

/$w2=5dh

/$w2=5$dh/1000 sensitivity analysis
Sw2=5$dh/1000

$d2=5w2

/$hl = 0.01
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$hl = 0.01

/read the offset origin of brick volume 1

Soffsetxl = 0.5*Swl
Soffsetyl 0.5*%sd1
Soffsetzl =-0.5*Shl

/read the offset origin of brick volume 2

Soffsetx?2 0.5*Sw2
Soffsety2 = 0.5*%$d2
Soffsetz2 =-0.5*$hl

/move by offset brick volume 2

Smovex2 = 0.5* (Swl-Sw2)

Smovey2 = 0.5*($d1-$d2)

Smovez2 = 0
B EE———————

/mesh brick V1
/$meshvl=0.09*Swl
Smeshv1=0.08*$wl
/$meshvl=Smeshl
/mesh brick V2
/$meshv2=0.09*S$w2
Smeshv2=0.05*$w2

/Smeshv2=Smesh?

volume create width $wl depth $dl1 height $hl offset S$Soffsetxl
Soffsetyl Soffsetzl brick

volume create width $w2 depth $d2 height $hl offset S$Soffsetx2
Soffsety2 Soffsetz2 brick

volume move "volume.2" offset Smovex2 S$movey2 S$movez?2

volume subtract "volume.l" volumes "volume.2" keeptool

face connect "face.7" "face.8" "face.9" "face.l0" "face.ll" "face.l2"

\

"face.1l5" "face.l6" "face.l7" "face.l1l8" real
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volume mesh

volume mesh

physics create
physics create
physics create
physics create
physics create
physics create

physics create

"volume.l" cooper source "face.l" "face.6" size Smeshvl
"volume.2" cooper source "face.7" "face.l2" size S$meshv2
S
"wall front" btype "WALL" face "face.o"
"wall back" btype "WALL" face "face.l"
"symmetry top" btype "SYMMETRY" face "face.5"
"symmetry bottom" btype "SYMMETRY" face "face.2"
"symmetry left" btype "SYMMETRY" face "face.3"
"symmetry right" btype "SYMMETRY" face "face.4"
"wall top internal" btype "WALL" face "face.ll"
"wall bottom internal" btype "WALL" face "face.8"

physics create
physics create
physics create
physics create
physics create
"face.7"

physics create

physics create

save name

"wall left internal" btype "WALL" face "face.9"

"wall right internal" btype "WALL" face "face.l1lO0"

"Pressure inlet" btype "PRESSURE INLET" face "face

"Pressure outlet" btype "PRESSURE OUTLET" face

"fluid" ctype "FLUID" volume "volume.2"

"solid" ctype "SOLID" volume "volume.l"

DYNQ\\SquareSmartDYNQ.dbs"

export fluentb

"C:\\FLUENT PRACTICE 3\\SMART

MATERIAL\\SQUARE\\SQUARESmart DYNQ\\SquareSmartDYNQ.msh"

save

B.7 PF-1 ORIENTATION COOLING CHANNELS JOURNAL FILE

Swl = $x2/1000

/Swl = $x

L12n

"C:\\FLUENT PRACTICE 3\\SMART MATERIAL\\SQUARE\\SQUARESmart
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Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

$dl = Swl

/read the dimension of the cylinder volume 2

$r1=$x1/2/1000

/Sr1=3dh/2
Sr3=sril
Shl = 0.01

/read the offset origin of brick volume 1

Soffsetxl

0.5*Swl
Soffsetyl = 0.5*$d1

Soffsetzl

-0.5*$hl

/read the offset origin of cylinder volume 2

Soffsetcylhl = 0

Soffsetcylrl 0

Soffsetcylr3 =-0.5*$hl

/move by offset cylinder volume 2

Smovexl = 0.5*S$wl

Smoveyl = 0.5*$wl

Smovezl = 0
S —
Scmovexl = 0

Scmoveyl = $dl1

Scmovezl = 0
B EE——
Scmovex2 = Swl

Scmovey2 = 0
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Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

Scmovez2 =

/Optimisation /Optimisation /Optimisation
/Optimisation

/mesh brick V1

/ Optimisation mesh
/$meshv1=0.15*$x2/1000 po = 0.2 0.3
Smeshv1=0.15*$x2/1000
/$meshvl1=0.1*$x2/1000 po = 0.1
/Smeshvl=0.1*$x2/1000

/Optimisation /Optimisation /Optimisation
/Optimisation

/mesh cylinder V2
/$meshv2=0.15*$x1/1000 po = 0.2 0.3
Smeshv2=0.15*$x1/1000
/$meshv2=0.1*$x1/1000 po = 0.1

/Smeshv2=0.1*$x1/1000

/normal /normal /normal /normal /normal

/normal

/$meshvl=0.15*$wl po = 0.2
/$meshvl=0.15*Swl
/$meshvl=0.1*$wl po = 0.1
/$meshvl=0.1*Swl
/$meshvl1=0.08*Swl

/Smeshvl=Smeshl

/Optimisation

/Optimisation

/normal /normal
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/normal
/normal
/Smeshv2=0.
/Smeshv2=0.

/Smeshv2=0.

/Smeshv2=0.
/Smeshv2=0.

/Smeshv2=0.

/normal

/normal /normal /normal /normal /normal

1*2*srl

07*2*Srl

15*sdh po 0.2

15*%$dh

1*$dh po 0.1

1*Sdh

/Smeshv2=Smesh?

volume create width $wl depth $dl1 height $hl offset Soffsetxl
Soffsetyl Soffsetzl brick

volume create height $hl radiusl $rl radius3 $r3 offset Soffsetcylhl
Soffsetcylrl Soffsetcylr3 zaxis frustum

/volume create width $wl depth $dl1 height $hl offset S$Soffsetxl
Soffsetyl \

/ Soffsetzl brick

/volume create height $hl radiusl $rl radius3 $r3 offset $Soffsetcylhl
Soffsetcylrl \

/

zaxis frustum



UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
oW

Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

volume cmove "volume.l" "volume.2" multiple 1 offset S$cmovexl

Scmoveyl S$Scmovezl

volume unite volumes "volume.l" "volume.3"
B ————.
volume cmove "volume.l" "volume.2" "volume.4" multiple 1 offset

Scmovex2 S$cmovey2 $cmovez?2

volume unite volumes "volume.l" "volume.5"
/ ___________________________________________________________________
volume subtract "volume.l" volumes "volume.2" "volume.4" "volume.6" \

"volume.7" keeptool

/ ____________________________________________________________________
face connect "face.l" "face.2" "face.3" "face.6" "face.7" "face.8"
"face.9" \

"face.l4" "face.l6" "face.l7" "face.1l8" "face.24"™ "face.25"
"face.26" \

"face.27" "face.28" "face.29" "face.30" "face.31" "face.34"
"face.37" \

"face.40" real
..
volume mesh "volume.l" cooper source "face.l" "face.6" size $meshvl

volume delete "volume.2" onlymesh

=
volume mesh "volume.2" cooper source "face.7" "face.9" size S$meshv2

volume mesh "volume.4" cooper source "face.l7" "face.1l8" size S$meshv2
volume mesh "volume.6" cooper source "face.26" "face.27" size $meshv2
volume mesh "volume.7" cooper source "face.29" "face.30" size Smeshv2
B

physics create "wall front" btype "WALL" face "face.6"

physics create "wall back" btype "WALL" face "face.l"
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physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics modify
"face.9"
physics modify
"face.18"
physics modify
"face.27"
physics modify
"face.30"
physics create
"face.7"
physics create
"face.l7"
physics create
"face.26"

physics create

"face.29"

"symmetry left" btype

physics
physics
physics

physics

create

create

create

create

"SYMMETRY"

face

"face.3"

"symmetry right" btype "SYMMETRY" face "face.24"
"symmetry bottom" btype "SYMMETRY" face "face.2"
"symmetry top" btype "SYMMETRY" face "face.14"
"pressure inlet 1" btype "SYMMETRY" face "face.9"
"pressure inlet 2" btype "SYMMETRY" face "face.18"
"pressure inlet 3" btype "SYMMETRY" face "face.27"
"pressure inlet 4" btype "SYMMETRY" face "face.30"
"pressure inlet 1" btype "PRESSURE INLET" face
"pressure inlet 2" btype "PRESSURE INLET" face
"pressure inlet 3" btype "PRESSURE INLET" face
"pressure inlet 4" btype "PRESSURE INLET" face
"pressure outlet 1" btype "PRESSURE OUTLET" face
"pressure outlet 2" btype "PRESSURE OUTLET" face
"pressure outlet 3" btype "PRESSURE OUTLET" face
"pressure outlet 4" btype "PRESSURE OUTLET" face
"wall internal 1" btype "WALL" face "face.8"

"wall internal 2" btype "WALL" face "face.lo"
"wall internal 3" btype "WALL" face "face.25"
"wall internal 4" btype "WALL" face "face.28"
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physics create "solid" ctype "SOLID" volume "volume.l"

physics create "fluid 1" ctype "FLUID" volume "volume.2"
physics create "fluid 2" ctype "FLUID" volume "volume.4"
physics create "fluid 3" ctype "FLUID" volume "volume.6"

physics create "fluid 4" ctype "FLUID" volume "volume.7"

save name \

"C:\\FLUENT PRACTICE 3\\FLOW
ORIENTATION\\Parallelflow\\parallelflowchannelDYNQDW.dbs"
export fluent5 \

"C:\\FLUENT PRACTICE 3\\FLOW
ORIENTATION\\Parallelflow\\parallelflowchannelDYNQDW.msh"
save

B.8 CF-2 ORIENTATION COOLING CHANNELS JOURNAL FILE

Swl = $x2/1000
/Swl = $x
Sdl = Swl

/read the dimension of the cylinder volume 2

$r1=$x1/2/1000

/$r1=5$dh/2
Sr3=sril
Shl = 0.01

/read the offset origin of brick volume 1
Soffsetxl = 0.5*Swl

Soffsetyl = 0.5*$d1

Soffsetzl =-0.5*S$hl
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Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

/read the offset origin of cylinder volume 2

Soffsetcylhl = 0

Soffsetcylrl 0

Soffsetcylr3 =-0.5*$hl

/move by offset cylinder volume 2

Smovexl = 0.5*Swl

Smoveyl = 0.5*$wl

Smovezl = 0
..
Scmovexl = 0

Scmoveyl = $dl1

Scmovezl = 0
..
Scmovex2 = Swl

Scmovey2 = 0

Scmovez2 = 0

/ ____________________________________________

/mesh brick V1

/optimisation /optimisation /optimisation /optimisation
/optimisation /optimisation
/$meshv1=0.15*$x2/1000 po = 0.2 0.3

Smeshv1=0.15*$x2/1000
/$meshvl1=0.1*$x2/1000 po = 0.1
/Smeshv1l=0.1*$x2/1000

/ normal / normal / normal / normal / normal /
normal / normal / normal / normal

/$meshvl1=0.15*$Swl po = 0.2

/$meshvl=0.15*Swl
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Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

/Smeshvl=0.1*Swl 0.1

po
/$meshvl=0.1*Swl
/$meshvl1=0.08*Swl
/$meshvl=Smeshl
/mesh cylinder V2

/optimisation /optimisation /optimisation /optimisation

/optimisation

/$meshv2=0.15*$x1/1000 0.2

po
Smeshv2=0.15*$x1/1000

/Smeshv2=0.1*$x1/1000 0.1

Po

/$meshv2=0.1*$x1/1000

/
/

/
/

/
/

normal / normal

normal

normal
normal

normal
normal

/ normal
normal

/Smeshv2=0.

/Smeshv2=0.

/Smeshv2=0.

/Smeshv2=0.

1*2*srl

07*2*Srl

15*Sdh po = 0.2

15*Sdh

/Smeshv2=0. 0.1

1*$dh po

/Smeshv2=0.1*S$dh

/Smeshv2=Smesh?2

volume create width $wl depth $dl height $hl offset S$Soffsetxl

Soffsetyl S$Soffsetzl brick

volume create height $hl radiusl $rl radius3 $r3 offset $Soffsetcylhl

Soffsetcylrl $offsetcylr3 zaxis frustum
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/volume create width $wl depth $dl height $hl offset S$offsetxl
Soffsetyl \
/ S$offsetzl brick

/volume create height $hl radiusl $rl radius3 $r3 offset Soffsetcylhl
Soffsetcylrl \
/ zaxis frustum

volume cmove "volume.l" "volume.2" multiple 1 offset S$cmovexl
Scmoveyl S$cmovezl

volume unite volumes "volume.l" "volume.3"
/ ____________________________________________________________________
volume cmove "volume.l" "volume.2" "volume.4" multiple 1 offset

Scmovex2 S$Scmovey2 $cmovez?2

volume unite volumes "volume.l" "volume.5"
=
volume subtract "volume.l" volumes "volume.2" "volume.4" "volume.6" \

"volume.7" keeptool

face connect "face.7" "face.8" "face.9" "face.l6" "face.l7" "face.l1l8"
\

"face.25" "face.26" "face.27" "face.28" "face.29" "face.30"
"face.l" \

"face.2" "face.3" "face.6" "face.l4" "face.24" "face.31" "face.34"

\

"face.37" "face.40" real
=
face link "face.2" "face.l4" edges "edge.5" "edge.l6" vertices

"vertex.5" \
"vertex.13" reverse periodic

face link "face.3" "face.24" edges "edge.l0" "edge.40" vertices
"vertex.5" \
"vertex.25" reverse periodic
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FoLume mesh wolume.1n seoper source "face.1n "face.6" size Smeshvl
B I E————————.
volume mesh "volume.2" cooper source "face.7" "face.9" size Smeshv2
volume mesh "volume.4" cooper source "face.l7" "face.1l8" size $meshv2
volume mesh "volume.6" cooper source "face.26" "face.27" size S$Smeshv2
volume mesh "volume.7" cooper source "face.29" "face.30" size $Smeshv2
/ ____________________________________________________________________
physics create "wall front" btype "WALL" face "face.6"

physics create "wall back" btype "WALL" face "face.l"

physics create "periodic bt" btype "PERIODIC" face "face.2" "face.1l4"
physics create "periodic 1lr" btype "PERIODIC" face "face.3" "face.24"
physics create "pressure inlet f1" btype "PRESSURE INLET" face
"face.9"

physics create "pressure inlet £f3" btype "PRESSURE INLET" face
"face.27"

physics create "pressure inlet b2" btype "PRESSURE INLET" face
"face.l7"

physics create "pressure inlet b4" btype "PRESSURE INLET" face
"face.29"

physics create "pressure outlet b2" btype "PRESSURE OUTLET" face

"face.7"
physics create
"face.26"
physics modify
face \

"face.7"

"pressure

"pressure

outlet b3" btype "PRESSURE OUTLET" face

outlet b2" btype label "pressure outlet bl"

B-29



UNIVERSITEIT YAN PRETORIA
UNIVYERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
oW

Appendix B: Gambit journal file for geometry and mesh generation of cooling channels

physics create "pressure outlet f2" btype "PRESSURE OUTLET" face
"face.1l8"

physics create "pressure outlet f4" btype "PRESSURE OUTLET" face

"face.30"

physics create "wall internal 1" btype "WALL" face "face.8"

physics create "wall internal 2" btype "WALL" face "face.l6"

physics create "wall internal 3" btype "WALL" face "face.25"

physics create "wall internal 4" btype "WALL" face "face.28"
.
physics create "solid" ctype "SOLID" volume "volume.l"

physics create "fluid 1" ctype "FLUID" volume "volume.2"

physics create "fluid 2" ctype "FLUID" volume "volume.4"

physics create "fluid 3" ctype "FLUID" volume "volume.6"

physics create "fluid 4" ctype "FLUID" volume "volume.7"
..

save name \

"C:\\FLUENT PRACTICE 3\\FLOW
row\\CounterflowrowDYNQDW.dbs"
export fluent5 \

"C:\\FLUENT PRACTICE 3\\FLOW
row\\CounterflowrowDYNQDW.msh"
save
save

ORIENTATION\\Counterflow

ORIENTATION\\Counterflow

B.9 CF-3 ORIENTATION COOLING CHANNELS JOURNAL FILE

Swl = $x2/1000
/Swl = $x
$dl = Swil

/read the dimension of the cylinder volume 2
$r1=$x1/2/1000

/$rl=$dh/2
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Sr3=sril
$hl = 0.01
o

/read the offset origin of brick volume 1

Soffsetxl

0.5*Swl
Soffsetyl = 0.5*$d1
Soffsetzl =-0.5*$hl
/read the offset origin of cylinder volume 2

Soffsetcylhl

0

Soffsetcylrl 0
Soffsetcylr3 =-0.5*$hl

/move by offset cylinder volume 2

Smovexl = 0.5*Swl

$moveyl = 0.5*Swl

Smovezl = 0

/ __________________________________________________

Scmovexl = 0

Scmoveyl = $dl1

Scmovezl = 0
B e EE———————
Scmovex2 = Swl

Scmovey2 = 0

Scmovez2 = 0
I EEE———————

/mesh brick V1

/Optimisation /Optimisation /Optimisation /Optimisation /Optimisation
/Optimisation /Optimisation

/$meshvl1=0.15*$x2/1000 po = 0.2 0.3

Smeshv1l=0.15*$x2/1000
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/$meshvl=0.1*$x2/1000 po = 0.1

/$meshvl1=0.1*$x2/1000

/Normal /Normal /Normal /Normal /Normal /Normal /Normal /Normal
/Normal /Normal /Normal /Normal

/$meshvl1=0.15*$Swl po = 0.2

/$meshvl1=0.15*Swl

/$meshvl=0.1*$wl po = 0.1

/$meshvl=0.16*Swl

/$meshvl=0.08*Swl

/$meshvl=Smeshl

/mesh cylinder V2

/Optimisation /Optimisation /Optimisation /Optimisation /Optimisation
/Optimisation /Optimisation

/$meshv2=0.15*$x1/1000 po = 0.2 0.3

Smeshv2=0.15*$x1/1000

/$meshv2=0.1*$x1/1000 po = 0.1

/$meshv2=0.1*$x1/1000

/Normal /Normal /Normal /Normal /Normal /Normal /Normal /Normal
/Normal /Normal /Normal /Normal

/$meshv2=0.1*2*Srl

/Smeshv2=0.07*2*Srl

/$meshv2=0.15*$dh po = 0.2
/$meshv2=0.15*$dh
/$meshv2=0.15*$dh po = 0.1

/Smeshv2=0.1*S$dh

/Smeshv2=Smesh?

volume create width $wl depth $dl height $hl offset S$Soffsetxl

Soffsetyl Soffsetzl brick
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volume create height $hl radiusl S$rl radius3 $r3 offset S$Soffsetcylhl

Soffsetcylrl $offsetcylr3 zaxis frustum

/volume create width $wl depth $dl height $hl offset S$Soffsetxl
Soffsetyl \

/ S$offsetzl brick

/volume create height $hl radiusl $rl radius3 $r3 offset Soffsetcylhl
Soffsetcylrl \

/ zaxls frustum

volume cmove "volume.l" "volume.2" multiple 1 offset S$Scmovexl

Scmoveyl S$cmovezl

volume unite volumes "volume.l" "volume.3"
/ ____________________________________________________________________
volume cmove "volume.l" "volume.2" "volume.4" multiple 1 offset

Scmovex?2 $cmovey2 $Scmovez?2

volume unite volumes "volume.l" "volume.5"
=
volume subtract "volume.l" volumes "volume.2" "volume.4" "volume.o6" \

"volume.7" keeptool

/ ____________________________________________________________________
face connect "face.l" "face.2" "face.3" "face.6" "face.7" "face.8"
"face.9" \

"face.l4" "face.l6" "face.l7" "face.1l8" "face.24" "face.25"
"face.26" \

"face.27" "face.28" "face.29" "face.30" "face.31" "face.34"
"face.37" \
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"face.40" real

face 1link "face.2" "face.l4" edges '"edge.5" "edge.l6" vertices
"vertex.5" \

"vertex.1l3" reverse periodic

face 1link "face.3" "face.24" edges "edge.l0" "edge.40" vertices
"vertex.5" \

"vertex.25" reverse periodic

B
volume mesh "volume.l" cooper source "face.l" "face.6" size S$meshvl

volume mesh "volume.2" cooper source "face.7" "face.9" size S$Smeshv2

volume mesh "volume.4" cooper source "face.l7" "face.l8" size S$meshv2
volume mesh "volume.6" cooper source "face.26" "face.27" size S$meshv2
volume mesh "volume.7" cooper source "face.29" "face.30" size $meshv2
=

physics create "wall front" btype "WALL" face "face.6"

physics create "wall back" btype "WALL" face "face.l"

physics create "periodic 1lr" btype "PERIODIC" face "face.3" "face.24"
physics create "periodic bt" btype "PERIODIC" face "face.2" "face.l1l4"
physics create '"pressure inlet f1" btype "PRESSURE INLET" face
"face.9"

physics create '"pressure inlet b2" btype "PRESSURE INLET" face
"face.l7"

physics create I"pressure inlet b3" Dbtype "PRESSURE INLET" face
"face.26"

physics create I"pressure inlet f4" Dbtype "PRESSURE INLET" face

"face.30"
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physics create
"face.7"
physics create
"face.1l8"
physics create
"face.27"
physics create
"face.29"

physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create
physics create
save name \

"C:\\FLUENT

Qe

"pressure outlet Dbl" Dbtype

"pressure outlet f2" btype

"pressure outlet £f3" btype

"pressure outlet Db4" Dbtype
"wall internal 1" btype "WALL"
"wall internal 2" btype "WALL"
"wall internal 3" btype "WALL"
"wall internal 4" btype "WALL"
"solid" ctype "SOLID" volume
"fluid 1" ctype "FLUID" volume
"fluid 2" ctype "FLUID" volume
"fluid 3" ctype "FLUID" volume
"fluid 4" ctype "FLUID" volume

PRACTICE 3\\FLOW

channels\\CounterflowchannelsDYNQDW.dbs"

export fluentb

"C:\\FLUENT

\

PRACTICE

3\\FLOW

channels\\CounterflowchannelsDYNQDW.msh"

save

"PRESSURE _OUTLET"

"PRESSURE OUTLET"

"PRESSURE OUTLET"

"PRESSURE OUTLET"

face

face

face

face

"volume.

"volume.

"face.

"face

"face

"face

"volume.1l"

2"

4qm

"volume.6"

"volume.

7"

8"

.le"

.25"

.28"

face

face

face

face

ORIENTATION\\Counterflow

ORIENTATION\\Counterflow
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Appendix C: Fluent journal file for numerical simulation of cooling channels

APPENDIX C: FLUENT JOURNAL FILEN FOR NUMERICAL
SIMULATION OF COOLING CHANNELS

C.1 COOLING CHANNELS FLUENT JOURNAL FILE

FLUENT

Version: 3d, dp, pbns, lam (3d, double precision, pressure-based,
laminar)

Release: 13.0.0

Title:

Models
Model Settings
Space 3D
Time Steady
Viscous Laminar
Heat Transfer Enabled
Solidification and Melting Disabled
Radiation None
Species Disabled
Coupled Dispersed Phase Disabled
NOx Pollutants Disabled
SOx Pollutants Disabled
Soot Disabled
Mercury Pollutants Disabled

Material Properties

Material: silicon (solid)

Property Units Method Value (s)
Density kg/m3 constant 2330
Cp (Specific Heat) j/kg-k constant 720
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Appendix C: Fluent journal file for numerical simulation of cooling channels

Thermal Conductivity w/m-k
Material: water-liquid (fluid)

Property

constant

148

Density

Cp (Specific Heat)

Thermal Conductivity
Viscosity

Molecular Weight

Thermal Expansion Coefficient
Speed of Sound

Material: air (fluid)

Property

kg/m-s
kg/kgmol
1/k

m/s

constant
constant
constant
constant
constant
constant
none

Method

998.20001

4182
0.60000002

0.001003

18.0152

0

#f

Density
Cp (Specific Heat)
Thermal Conductivity
Viscosity
05
Molecular Weight
Thermal Expansion Coefficient
Speed of Sound

Material: aluminum (solid)

kg/kgmol
1/k
m/s

constant
constant
constant
constant

constant
constant
none

Property Units
Density kg/m3
Cp (Specific Heat) j/kg-k

Thermal Conductivity w/m-k

Cell Zone Conditions

zZones
name id type
fluid 2 fluid
solid 3 solid

Setup Conditions
fluid

Condition

constant
constant
constant

1.225
1006.43
0.0242
1.789%4e-

28.966
0
#f
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Appendix C: Fluent journal file for numerical simulation of cooling channels

Material Name

water-liquid

Specify source terms?

Source Terms

((mass) (x-momentum)

(y—-momentum)

(z-momentum)

Specify fixed wvalues?
Local Coordinate System for Fixed Velocities

Fixed Values
(inactive
(constant . 0)
(profile ))

((x-velocity
(inactive . #f)
#f) (constant . 0)
(constant . 0)

(profile

Frame Motion?
Relative To Cell Zone

Reference Frame
Reference Frame
Reference Frame
Reference Frame
Reference Frame
Reference Frame
Reference Frame

#f) (constant . 0)
(profile ))
(temperature

(profile

)))

Rotation Speed (rad/s)
X-Velocity Of Zone (m/s)
Y-Velocity Of Zone (m/s)
Z-Velocity Of Zone (m/s)
X-Origin of Rotation-Axis (m)
Y-Origin of Rotation-Axis (m)
Z-Origin of Rotation-Axis (m)

(z-velocity
(inactive

Reference
Reference
Reference
Reference

Frame
Frame
Frame
Frame

Mesh Motion?
Relative To Cel
Moving Mesh Rot

X-Component
Y-Component
Z-Component

of Rotation-Axis
of Rotation-Axis
of Rotation-Axis

(energy))

no

no
no

)) (y-velocity

#£)

User Defined Zone Motion Function

1l Zone
ation Speed

(rad/s)

Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Moving Mesh
Deactivated

X-Velocity Of Zone (m/s)
Y-Velocity Of Zone (m/s)
Z-Velocity Of Zone (m/s)
X-Origin of Rotation-Axis (m)
Y-Origin of Rotation-Axis (m)
Z-Origin of Rotation-Axis (m)
X-Component of Rotation-Axis
Y-Component of Rotation-Axis

Z-Component of Rotation-Axis

User Defined Zone Motion Function

Thread

Embedded Subgrid-Scale Model
Momentum Spatial Discretization

Cwale
Cs

Porous zone?

Conical porous zone?

X-Component
Y-Component
Z-Component
X-Component
Y-Component
Z-Component
X-Component
Y-Component
Z-Component

of Direction-1 Vector
of Direction-1 Vector
of Direction-1 Vector
of Direction-2 Vector
of Direction-2 Vector
of Direction-2 Vector
of Cone Axis Vector
of Cone Axis Vector
of Cone Axis Vector

(inactive

=]
= O

O O O OO oo oo |

[

none

(=]
= O

O OO OO0 OO oo

=

none

no

0.325

OO rHr O OOoOOo-R
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Appendix C: Fluent journal file for numerical simulation of cooling channels

X-Coordinate of Point on Cone Axis (m)

Y-Coordinate of Point on Cone Axis (m)
Z-Coordinate of Point on Cone Axis (m)

Half Angle of Cone Relative to its Axis (deq)
Relative Velocity Resistance Formulation?

Direction-1 Viscous Resistance (1/m2)
Direction-2 Viscous Resistance (1/m2)
Direction-3 Viscous Resistance (1/m2)

Choose alternative formulation for inertial resistance?

(1/m)
(1/m)
(1/m)

Direction-1 Inertial Resistance
Direction-2 Inertial Resistance
Direction-3 Inertial Resistance
CO Coefficient for Power-Law

Cl Coefficient for Power-Law
Porosity

Solid Material Name

solid

Condition

Material Name
Specify source terms?
Source Terms
((constant le+08) (inactive . #f)
Specify fixed wvalues?
Fixed Values
((temperature (inactive . #f)
Frame Motion?
Relative To Cell Zone
Reference Frame Rotation Speed (rad/s)

(profile

(constant . 0) (profile )))

Reference Frame X-Velocity Of Zone (m/s)
Reference Frame Y-Velocity Of Zone (m/s)
Reference Frame Z-Velocity Of Zone (m/s)

Reference Frame X-Origin of Rotation-Axis (m)
Reference Frame Y-Origin of Rotation-Axis (m)
Reference Frame Z-Origin of Rotation-Axis (m)
Reference Frame X-Component of Rotation-Axis
Reference Frame Y-Component of Rotation-Axis
Reference Frame Z-Component of Rotation-Axis
Reference Frame User Defined Zone Motion Function
Mesh Motion?

Relative To Cell Zone

Moving Mesh Rotation Speed (rad/s)

Moving Mesh X-Velocity Of Zone (m/s)
Moving Mesh Y-Velocity Of Zone (m/s)
Moving Mesh Z-Velocity Of Zone (m/s)

Moving Mesh X-Origin of Rotation-Axis (m)
Moving Mesh Y-Origin of Rotation-Axis (m)
Moving Mesh Z-Origin of Rotation-Axis (m)
Moving Mesh X-Component of Rotation-Axis
Moving Mesh Y-Component of Rotation-Axis
Moving Mesh Z-Component of Rotation-Axis
Moving Mesh User Defined Zone Motion Function
Deactivated Thread

1

9]

PO OOOO3S OO © OO
@]

aluminum

silicon
yes
((energy

no

o]
= O

P OO O0OO0OO0OOoOooo |

53
= O O
=]
D

P O O OO0OOoOOoOoOooOo

53
o O
o]
)
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Appendix C: Fluent journal file for numerical simulation of cooling channels

Boundary Conditions

wall internal-shadow 1
wall internal 4
pressure outlet 5 pressure-outlet
pressure inlet 6 pressure-inlet
7
8

symmetry right symmetry
symmetry left symmetry
symmetry bottom 9 symmetry
symmetry top 10 symmetry
wall back 11 wall
wall front 12 wall

Setup Conditions
wall internal-shadow

Condition

Wall Thickness (m)

Heat Generation Rate (w/m3)

Material Name

Thermal BC Type

Temperature (c)

Heat Flux (w/m2)

Convective Heat Transfer Coefficient (w/m2-k)
Free Stream Temperature (c)

Enable shell conduction?

Wall Motion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Velocity Magnitude (m/s)

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation (m/s)
Y-Component of Wall Translation (m/s)
Z-Component of Wall Translation (m/s)
External Emissivity

External Radiation Temperature (c)
Rotation Speed (rad/s)

X-Position of Rotation-Axis Origin (m)
Y-Position of Rotation-Axis Origin (m)
Z-Position of Rotation-Axis Origin (m)
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress (pascal)

silicon

3

26.85

0
0

26.85
no

0
0

yes

no

0
1
0

(@)

ol
@)

ORFRP OO0 O0OO0OO0OONRE OOO

()}

00
(@)
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Appendix C: Fluent journal file for numerical simulation of cooling channels

Y-component of shear stress (pascal) 0

Z-component of shear stress (pascal) 0

Surface tension gradient (n/m-k) 0
Specularity Coefficient 0

wall internal

Condition Value
Wall Thickness (m) 0
Heat Generation Rate (w/m3) 0
Material Name silicon
Thermal BC Type 3
Temperature (c) 26.85
Heat Flux (w/m2) 0
Convective Heat Transfer Coefficient (w/m2-k) 0
Free Stream Temperature (c) 26.85
Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude (m/s) 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation (m/s) 0
Y-Component of Wall Translation (m/s) 0
Z-Component of Wall Translation (m/s) 0
External Emissivity 1
External Radiation Temperature (c) 26.85
Rotation Speed (rad/s) 0
X-Position of Rotation-Axis Origin (m) 0
Y-Position of Rotation-Axis Origin (m) 0
Z-Position of Rotation-Axis Origin (m) 0]
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress (pascal) 0
Y-component of shear stress (pascal) 0
Z-component of shear stress (pascal) 0
Surface tension gradient (n/m-k) 0
Specularity Coefficient 0
pressure outlet
Condition Value
Gauge Pressure (pascal)
Backflow Total Temperature (c) 6.85

0
2
Backflow Direction Specification Method 1
Coordinate System 0
X-Component of Flow Direction 1
Y-Component of Flow Direction 0
Z-Component of Flow Direction 0
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Appendix C: Fluent journal file for numerical simulation of cooling channels

X-Component of Axis Direction
Y-Component of Axis Direction
Z-Component of Axis Direction
X-Coordinate of Axis Origin (m)

o O o

Y-Coordinate of Axis Origin (m) 0
Z-Coordinate of Axis Origin (m) 0

is zone used in mixing-plane model? no
Radial Equilibrium Pressure Distribution no
Specify Average Pressure Specification no
Specify targeted mass flow rate no
Targeted mass flow (kg/s) 1

Upper Limit of Absolute Pressure Value (pascal) 5000000
Lower Limit of Absolute Pressure Value (pascal) 1

pressure_inlet

Condition Value
Reference Frame 0
Gauge Total Pressure (pascal) 5000
Supersonic/Initial Gauge Pressure (pascal) 0
Total Temperature (c) 26.85
Direction Specification Method 1
Coordinate System

X-Component of Flow Direction
Y-Component of Flow Direction
Z-Component of Flow Direction
X-Component of Flow Direction
Y-Component of Flow Direction
Z-Velocity (m/s)

X-Component of Axis Direction
Y-Component of Axis Direction
Z-Component of Axis Direction
X-Coordinate of Axis Origin (m)
Y-Coordinate of Axis Origin (m)
Z-Coordinate of Axis Origin (m)

is zone used in mixing-plane model?

OO OO OO OO oOoOoRr o

ol
(@)

symmetry right

Condition Value

symmetry bottom

Condition Value

symmetry top

Condition Value
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Appendix C: Fluent journal file for numerical simulation of cooling channels

wall back
Condition Value
Wall Thickness (m) 0
Heat Generation Rate (w/m3) 0
Material Name silicon
Thermal BC Type 1
Temperature (c) 26.85
Heat Flux (w/m2) 0
Convective Heat Transfer Coefficient (w/m2-k) 0
Free Stream Temperature (c) 26.85
Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude (m/s) 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation (m/s) 0
Y-Component of Wall Translation (m/s) 0
Z-Component of Wall Translation (m/s) 0
External Emissivity 1
External Radiation Temperature (c) 26.85
Rotation Speed (rad/s) 0
X-Position of Rotation-Axis Origin (m) 0]
Y-Position of Rotation-Axis Origin (m) 0]
Z-Position of Rotation-Axis Origin (m) 0]
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress (pascal) 0
Y-component of shear stress (pascal) 0
Z-component of shear stress (pascal) 0
Surface tension gradient (n/m-k) 0
Specularity Coefficient 0

wall front
Condition Value
Wall Thickness (m) 0
Heat Generation Rate (w/m3) 0
Material Name silicon
Thermal BC Type 1
Temperature (c) 26.85
Heat Flux (w/m2) 0
Convective Heat Transfer Coefficient (w/m2-k) 0
Free Stream Temperature (c) 26.85
Enable shell conduction? no
Wall Motion 0
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Appendix C: Fluent journal file for numerical simulation of cooling channels

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude (m/s) 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation (m/s) 0
Y-Component of Wall Translation (m/s) 0
Z-Component of Wall Translation (m/s) 0
External Emissivity 1
External Radiation Temperature (c) 26.85
Rotation Speed (rad/s) 0
X-Position of Rotation-Axis Origin (m) 0
Y-Position of Rotation-Axis Origin (m) 0
Z-Position of Rotation-Axis Origin (m) 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress (pascal) 0
Y-component of shear stress (pascal) 0
Z-component of shear stress (pascal) 0
Surface tension gradient (n/m-k) 0
Specularity Coefficient 0
Solver Settings
Equations
Equation Solved
Flow yes
Energy yes
Numerics
Numeric Enabled
Absolute Velocity Formulation yes
Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999
Energy 1
Linear Solver
Solver Termination Residual Reduction

Variable Type Criterion Tolerance
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Appendix C: Fluent journal file for numerical simulation of cooling channels

Pressure V-Cycle 0.1
X-Momentum Flexible 0.1
Y-Momentum Flexible 0.1
Z—-Momentum Flexible 0.1
Energy Flexible 0.1

O O O O
~ 3 3

Pressure-Velocity Coupling
Parameter Value
Type SIMPLE
Discretization Scheme
Variable Scheme

Pressure Second Order

Momentum Second Order Upwind

Energy Second Order Upwind
Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5e+10
Minimum Temperature 1
Maximum Temperature 5000

C.2 COOLING CHANNELS FLUENT BOUNDARY CONDITIONS

JOURNAL FILE

;;cylinder50kbc

;7 Read Mesh and Scale Mesh
file/set-batch-options no yes no
file/start-transcript CylinderDYNQDW trans.trn
file/read-case CylinderDYNQDW.msh

grid/scale 1 1 1
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Appendix C: Fluent journal file for numerical simulation of cooling channels

;; Read Boundary Conditions
file/read-bc cylinder50kbc
;:;file/read-bc CylinderBe=10"3

;; Define Models and Units
define/models/energy yes no no no yes
define/models/viscous/laminar yes
define/units temperature c

;; Monitors
solve/monitors/residual/plot yes
solve/monitors/residual/print yes

solve/monitors/residual/convergence-criteria le-6 le-6 le-6 le-6 le-
10

;7 Initialize and Solve
solve/initialize/compute-defaults all-zones
solve/initialize/initialize-flow
solve/iterate 300

;; Post Processing

file/export/ascii CylinderTemp.dat default-interior:001 default-
interior wall front

wall back symmetry top symmetry bottom symmetry left symmetry right

pressure inlet pressure outlet wall internal wall internal-shadow ()
no temperature ()

no
file/stop-transcript

file/write-case-data CylinderDYNQDW data.cas.gz

C-11



	Front
	Chapters 1-2
	Chapters 3-5
	Chapter 6
	Chapter 7
	Chapters 8-9
	BACK
	REFERENCES
	APPENDICES
	Appendix A
	Appendix B
	Appendix C





