8.2 Future recommendations

The presented mathematical model can be used as a numerical tool to optimize the
hot air copra drying process. The analysis on copra by the methods of mathematical
modelling and simulation can be extended to evaluate the moisture diffusivity of

similar porous structures like food items.
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Appendix B: OpenFOAM Solver Code

e S
========= |
A\ / F ield | OpenFOAM: The Open Source CFD Toolbox
A\ / O peration |
A\ / A nd | Copyright (C) 2011-2013 OpenFORM Foundation
AN/ M anipulation |
License

This file is part of OpenFOaM.

OpenFCAM is free software: you can redistribute it and/or modify it
under the terms of the GNU General Public License as published by
the Free Software Foundaticn, either version 3 of the License, or
(at your option) any later version.

OpenFCAM is distributed in the hope that it will be useful, but WITHOUT
BANY WARRANTY; without even the implied warranty of MERCHANTASBILITY or
FITNESS FCR A PARTICULAR PURPOSE. See the GNU General Public License
for more details.

You should have received a copy of the GNU General Public License
along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.

Application
icoFoam

Description
Transient solver for incompressible, laminar flow of Newtonian fluids.

#include "fvCFD.H"

52



int main(int argc, char *argv(])
{

#include "setRootCase.H"

#include "createTime.H
#include "createMesh
#include "createFields.H"

/A B S B R S S S A S R R B R S S S S O N R R AR S S S et O N S I
Info<< "\nStarting time loop\n" << endl;

//scalar I = 0.0001;
dimensionedScalar a
(
nam,
dimensionsSet(1,-3,-1,0,0,0,0),
zcalaxr(l)
)i
dimensionedScalar d
(
ngn,
dimensionset(0,2,-1,0,0,0,0),
scalaxr(l)
) ;
dimensionedScalar t
(
new
dimensionSet(1,-1,-3,0,0,0,0),
scalar (1)
)i

while (runTime.loop())

{

Info<< "Time = " << runTime.timeName() << nl << endl;
//for liquid water

Mexp=(Mexpa*exp (Mexpb*V) )+ (Mexpc*exp (Mexpd*V)) ;//(52.52%exp(-0.0001576%V) ) +(27.45%exp(-0.00002%V)) ;//

//volScalarField Mt

1/ (
Lf TME",
1/ TotalMc
/! )i
for (int i=0; i<2; i++)//sqrt(pow((Mt-Mexp),2))>I
{
fvScalarMatrix WEqn
(
fvm: :ddt (W)
-fvm: :laplacian (D, W)
)i
solve (WEqn == -k*(W-0.028)*a/(rhow));//WEqgn.solve();

por=1-((1-0.8)*(1-W)/ (1-iw)) ;
MC=rhow*W*100/((1-poxr)*rhos);
TotalMc=(100/ (rhos*dvol*(l-porosity))) *fvc: :domainIntegrate (rhow*( (W¥pos(W))+(0%neg(W))));
volScalarField condition
(
"condition”,
(TotalMC-Mexp) *pos (TotalMC-Mexp)+(TotalMC-Mexp) * (-1) *neg (TotalMC-Mexp)//sqrt (pow( (TotalMC-Mexp), 2))
)i
//condition.write();
//Mexp.write();
if (condition>error)
{
i=0;
D=( (D*+Dmax) *pos (TotalMC-Mexp)/2)+ ((D+Dmin) ¥neg (TotalMC-Mexp)/2) ;

else

7=v+0.05;
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( transportProperties. lookup("dw")
L;mensicnedScalar dv
( transportProperties. lookup("dv")
;;mensicnedScalar dvol
( transportProperties. lookup("dvol"}
;;mensicnedScalar Tt
: transportProperties. lookup("Tt")
éimensicnedScalar da
( transportProperties. lookup("da")
éimensicnedScalar db
( transportProperties. lookup("db")
;;mensicnedScala: k
( transportProperties. lookup("k")
é;mensicnedScala: DT
( transportProperties. lookup("DT")
é;mensicnedScalar Dmax
( transportProperties. lookup (" Dmax"}
L;mensicnedScalar Dmin
( transportProperties. lookup("Dmin"}
)i
(
transportProperties.lookup("rhos"
g;mensionedScalar rhog
: ransportProperties.lookup("rhog")
;imensionedScalar porosity
( transportProperties.lookup("porosity”)
)i

dimensionedScalar dw



dimensionedScalar Dmin

{

transportProperties.

)i
dimensionedScalar cp

(

transportProperties.

)i
dimensionedScalar Mexpa

{

transportProperties.

)i
dimensionedScalar Mexpb

(

transportProperties.

)i
dimensionedScalar Mexpc

{

transportProperties.

)i
dimensionedScalar Mexpd

{

transportProperties.

)i
dimensionedScalar iw

(

transportProperties.

)}

lookup (" Dmin")

lookup("cp")

lookup("Mexpa")

lookup ("Mexpb")

lookup ("Mexpc")

lookup ("Mexpd")

lookup("iw")

Info<< "Reading field W\n" << endl;

volScalarField W
(

I0ckject

(

"R :

runTime.timeName (),

mesh,

IOcbject: :MUST_RERD,
IOcbject: :AUTO_WRITE

)

mesh

):

Info<< "Reading field V\n" << endl;

volScalarField V

(
I0okject

(

nym

runTime.timeName (),

mesh,

IOcbject: :MUST_RERD,
IOcbject: :AUTO_WRITE

)I

mesh

):

Info<< "Reading field D\n" << endl;

volScalarField D
(
I0ckject
(
" D" %

runTime.timeName (),

mesh,

IOcbject: :MUST_RERD,
IOObjeCt::AUTO_WRITE

)l
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):
Info<< "Reading field MC\n" << endl;
volScalarField MC
(
ICobject
(
'l}{c" 5
runTime.timeName (),
mesh,
I0ckject: :MUST_RERD,
Ichject::AUTO_ﬁRITE
),
mesh
):
Info<< "Reading field TotalMC\n" << endl;
volScalarField TotalMC
(
I0object
(
"TotalMC",
runTime.timeName (),
mesh,
Ichject::MUST_READ,
Ichject::AUTO_WRITE
),
mesh
):
Info<< "Reading field Mexp\n" << endl;
volScalarField Mexp
(
I0object
(
"Mexp",
runTime.timeName (),
mesh,
I0ckject: :MUST_RERD,
IOckject: :AUTO_WRITE
),

mesh
);
Info<< "Reading field erxor\n" << endl;
volScalarField error
(
IOobject
(
"error",
runTime.timeName (),
mesh,
IOocbject: :MUST_RERZD,
IOobject::AUTO_WRITE
).
mesh

):

Info<< "Reading field por\n" << endl;
volScalarField por
(
ICobject
(
npoT®:
runTime.timeName (),
mesh,
IC0cbject: :MUST_RERAD,
ICcbject: :AUTO WRITE
)
mesh

);
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Info<< "Reading field T\n" <<
volScalarField T
(

IOobject

(

non
-

runTime.timeName (),
mesh,
I0cbject: :MUST REZD,
ICobject: tRUTO_WRITE
) 4
mesh

);

endl;
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