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The research report entitled “Computer Programming for the Designing of Modified
Atmosphere Packaging for Fresh or Minimally Processed Vegetables” revealed how to apply the
theory of fresh plant respiration rate, heat transfer, and gas permeation through film for the
development of “MAP DESIGN” software which is used for the designing of modified atmosphere
packaging for fresh or minimally processed vegetables and to predict the product shelf life. In detail,
this report mentioned the principle of computer programming applied in the software development
process, the appearance and features of “MAP DESIGN” software. Besides that the report covered a
software validation processes and capabilities of “MAP DESIGN” in order for the industrial sector to

have a view of the beneficial of “MAP DESIGN” software.
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] (2 I\ ad Ao a rr’qgj A a a A [ ] 14
Auveund lundudlduihnnnedweinenmnnt Iasniasauaz Aunniaadesdais 1d1u

F3TUWIA (gas permeation through film theory) uazmuﬁmidwiaumm%’au (heat transfer

theory)
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aTuz wvazaae ldWanuuuaumsmuiasnsinsmelavesdnuazwa I aanauny

a

Y
gl laeldngug) transition state (Makino et al.,1997) amziinadoll Idi@uonuuaumstiue
) ] A X2 yyva QY3 1 qYo YN o o 9 A yY
on3 1M [oenduds langau ldmunldiuneldanudnuazma liaaraioria laun
I ] v o A 1 Y
U50ANDA 1303 (JUAY (Makino et al., 1996, 1997(a), 1997(b)) Aanudusiusnsingae lad

abpo2

R. =
1+ ap,, + aipozpcoz

0,

(2.1)

A Y o -1 ° Y -1-1
o a,i=Aul58ns1 [Pa'], b =wuluagegaveamsly o, [molkg s 1, po,Peo, =
@ v @ ] I 1
anwau ledooues 0, wag co, Usnglasseudnuazwaliaa [Pa] dauls a,b ez i 1lum
9 [
Sumzvusuriavesiisnauaz Idu1nnsnaasininniadnsimsmelasanssuasnsmeun
v aw A
51891U Tagae1in 9ol
drudasinmsaie o, Yszana lasefen19ns1dausns1n1smiele (respiration quotient) A9
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TaganuduiusyusuaNuduTUYeURE CO, and O, AIENNT (Song et al., 2002)

R _ le [02 ]i (2 3)
* K, +[o,]+{o,]lco,] ik, |
R _ Vm2 [02 ]i (2 4)
K, +[0] +{o.][co.] k., |

] 4
weld v =duilsz@ns o, dmsudasimsly 0, K, =% 0, dmiudns1nms 1% o, ez
4
K., =%CO, dmsudasims 1y 0,, V., ,=dulszand co, dmsusasImsasag Co,, K,,=% 0,
dmsusasImsaie Co, uaz K, =%CO, oasimsase co, mawlsyndinlsingluauns
I 1 ~ a A 1 £ dg‘ [ a = £ 9
(2.3) waz (2.4) Wlumaen w Qmwgnmmﬂﬂﬂmwumamuﬂﬂ%uﬂmmwwamﬂﬂmmﬂmi
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Choose Method

" Transition State Model

= Enzyme Kinetic Model

|ADDH

~ Respiration Rate Constant
Model

Flirn

Choose Method Fiim Name

|Drega j
Stotage Temperature (©) 5 =

02 permeahility coefficient of a plastic film [molfm-s-Fa]

" Transition State Model

# Enzyme Kinetic Model

~ Respiration Rate Constant [6.84935E-16
Model

C0O2 permeshility coefficient of & plastic film [molim-s-Pa]

|285620E15

H20 permesakility coefficient of a plastic film [m3.m/s.m2.Pa]

Mest >3

1235

start in ® ABE

a Y 1 = A ard o V' v a Qd =< W 1 V. ad
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ulation in the MAP systems for fresh produce - [Simulation]

 Flle Windows  Setting Help

Choose Method

Film MName I
02 permeability cosfficient of a plastic fim [mol/m-s-Pa] Add
CO2 permeshiity coefficient of a plastic fim [molém-s-Pa] | Update
H20 permeabiity coefficient of a plastic film [m3.m/sm2.Pa] Delete
Activation eneary 02 [J/mal]
Ok

Activalion enagry CO2 [ /mol] |

Cancel
Activation enegry H20 [J/mal]

Polymer.. | Pemea.. [ Pemea.. | Peimea.. | Activati.. | Activati.. | Activati 4|
Polybut.. 3.47104.. 3.07123.. 00297 00218 12315 0 —
Lowds.. 341305, 113322 00302 00311 12315 03
Ceramic.. B17917.. 2.730947.. 00368 00284 12315 0
Linearl.. 7.88793.. 3.11323. 0 0 12315 0 ol
]

" Transition State Model
= Enzyme Kinetic Model

~ Respiration Rate Constant
Model

Choose Method

Cauliflowrer -

oz

Coefficient Vm [a/ka.5] 3.71389E 05
Coefficient Km (%] 1.7
Coefficiant Ki (%] 3

- Coz

Coefficient Vm [a/kg.5] 373333605
Coefficient Km (%] 1.4
Coefficient Ki (%] 31

" Transition State Model
= Enzyme Kinetic Model

~ Respiration Rate Constant
Model

<< Previous

517 3.4 wihaardenyHadnuazmaldiveslilsunsy M.A.P. Design



P Simulation in the MAP systems for fresh produce - [Simulation]

 Flle Windows  Setting Help

= plant

Commodity Add
Caommadity [ ] Update:

Atichoke, globe =

Asparagus Delete

Bean, lims

Bean. snaps
Bean, topped ok

Beey, with tops
Bro

Choose Method (2)

" Transition State Model

= Enzyme Kinetic Model
~ Respiration Rate Constant
Model

O

15 start - Q@ © 7 D B entl - | tion in th 8 plant

517 3.5 ninenamvuasHadnuazwealdeaedldauy

Choose Method

Plant Name =

Modell | Madei2 | Model| Gas Tolerance |
Modsl1 i

Coefficient a (1/Pa) | m

pdate
Coefficient b [mol/kg s] I Delste
Caefficient i [1/Pa] I

Ok

Activation enegry [J/mol] I

" Transition State Model

= Enzyme Kinetic Model

~ Respiration Rate Constant
Model

Cancel |

Temperature [C] I

v
=

Y 1 o R ISP 4 4 = oye
3.6 ‘Pm1ﬂ1QﬂTPi‘Mﬂﬂ1ﬂ’J!!‘lJi‘lﬁlﬂNﬂ!!ﬂZNﬂl’lwﬁﬁiﬂfjé‘l%ﬂuﬂ]Nﬂq%@] Transition State

Model ¥9411511n54 MLA.P. Design



P Simulation in the MAP systems for fresh produce - [Apple2]

 Flle Windows  Setting Help

5 plant
Plant Name |—_|v

Modell Modei2 | odel| Gas Tolerance |
~Modsi2 Add

(o Update
Coefficient ¥m [g/Kg.s] I
Delete

Caefficient Km [%] I
et — [ ]
Caefficient ki ()

Cancel
—Coz2
Coefficient Vm [g/K.g 5] I
Caefficient Km [%] I
Coefficient ki (%) I

Activation enegry 02 [)/mal]
Activation enegry CO2 [J/mol]
Temperature [C]

Choose Method

" Transition State Model

= Enzyme Kinetic Model

~ Respiration Rate Constant
Model

ﬂ?,] Flant

510 3.7 wihmsimuamdssiaesagdldnuaungus Enzyme Kinetic Model ¥4

31

T151n54 MLA.P. Design

P Simulation in the MAP systems for fresh produce - [Apple2]

l
=

N

 Flle Windows  Setting Help

5 plant
Plant Name |—_|v

Modell | Modeiz Model? | Gas Tolerance |

Respiration (CO2) (mafka.hr] 2T OC
Updat
Respiraton(C02) kg bl @ T47C [ &I

Choose Method

 Transition Stale Model
& Enzyme Kinetic Model
~ Respiration Rate Constant
Model
Delek
Respiration (0D2) (matkghd @ T10C [ il
Respiration (CO2) (madka.hr) & T 15.3C l— Ok

Respiation (C02) Img/kgh) @ T 206C [~ Cancel
Ra

3.8 winemsivuamamulsiaeagdlFun1ungug Respiration Rate Constant Model

v0411J51n33 M.A.P. Design



P Simulation in the MAP systems for fresh produce - [Apple]

g Fle Windows  Setting Help

Packaging Design

Mass of fresh produce [kg] IUZ—
Initial percent mole of O2 in & MAP system [26] (0-21) |20
Initial percent mole of COZ in 8 MAF system [26] { »0.03) lUU4—
Storage Time (day) l2—
Thickness of & packing filim [m] W
Effective area of a packing film [m2] W
“olume package [m3] IW

Environmental Energy
Intemal heattransfer coeflicient fwatt/m2 k] (0.1-5.0) 1
Extemnal heat transter coefficient fwatt/m2 K] (0.1-10.0) |1

<< Previous Hext >

Choose Method

" Transition State Model

= Enzyme Kinetic Model

~ Respiration Rate Constant
Model

15 start 5@ @ ft D e, P fon in the MAP. . k1 - R 121

o o d (v
3.9 HINENINMHUANINTEONUUV LTINS UNAILI5eNIAV ) 151N53 M.A.P. Design

sifii

P Simulation in the MAP systems for fresh produce - [Apple] ‘;‘ il

g Fle Windows  Setting Help

Moisture
%RH int (0-100]

S

ZRH ext (0-100)

——

Corvarsion factor for respiration eneary to heat, Alpha [0.8-1)
1

Initial Plant temperature [»= Tstarage]

15 << Previous Mext >>

Choose Method

" Transition State Model

= Enzyme Kinetic Model

~ Respiration Rate Constant
Model

Y o o d (v
311 3.10 ihemamruamnisesnuuUVIIYI NS uAIDISNMAUDSUN N MLALP.
Design
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P Simulation in the MAP systems for fresh prod

g Fle Windows  Setting Help

Flant

Choose Method Plart Cauliflovrer =
£ Transition Stale Model 2

Coefficient Vm [a/ka.5] 3.71389E 05
' Enzyme Kinetic Model Coefficient Km (%] [z
o Coefficiant Ki (%] 3
~ Respiration Rate Constant
Model

coz2

Coefficient Vm [a/kg.5] 373333605
Coefficient Km (3] [la

Coefficient Ki [%] ,317
<< Previous

Time () kole 02 Fartial pres Mole CO2 | Partial pres| Percent OZ2 | pnc Respiration Respiration| Tolerance | T+

3 a 0.004229489 20265 9458979334 4053 20 0.04 1221657196 1.080588007 § 2
300 0004222473 2023140960 1481093353 7096480408 1396684885 0.070036816 1221657196 1.060588007 5 2
600 0004215478 20197.86969 2112739015 1012288940 1993374753 0.099905150 1.219832256 1.059036668 5 2
500 0004208500 2016443265 27335904238 1312786292 1590074774 0129561333 1218003556 1057487151 5 2
1200 0004201543 20131.09826 3362621933 1611152645 1986724926 0159008403 1.216191945 1.0559416878 5 2
1500 0.004154E07 20057 BEE22 3980919530 1307401172 1983505179 0188245869 1214373415 1054400842 5 2
1800 0004197692 20084.73624 4.594824427 2201544970 19.80233504 0217275595 1.212571953 1.052864034 5 2
20 NONi1EN788 991 TNGM  F 2NA9C9CON 4G IEATNEG 19 70A7EQ71 N 7AGMGGENR 1 71MFEARAC 1 OE1991447 K 2 |

EM
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] ufly udle gpwas wesn o qleuu smiime  eRoada wisa 3518 Fd e i v o & X
TN VR A R R NN YR TR A ) AP MY |
tday | nornol | po ‘ ncmol ‘ pco | pno | pne | ro | [ ‘ TO2 ‘ TCA

0042294557 20265 B.458979E-08 40.53 20 .04 1.221657E-07| 1.060585E-07 ]

3000 0042224790 20231409603 1.4811E-05 70964804068 19966545666 0700365163 1.221657E-07) 1.060SS5E-07 5
GO0 004215479 20197 869651 2112739E-05 10122685404 19.933747536 0999051508 1.219632E-07) 1.059037E-07 5
900 0042085003 20164.432651 2739804E-05  131.2766293 19.900747743) 1295619337 1.21801E-07 1.057467E-07 5
1200 0042015432 20131.096263 3.362622E-05  161.1152646 19.867849260 1590084033 1.216192E-07 1.055842E-07 5
1500 0041846073 20097 866220  3.90092E05 19074011725 19835051792 1062450096 1.214379E-07 1.054401E-07 ]
1800 0041876528 20064736245 4.504324E05 22015448700 19802355041 2172755054 1.212672E-07 1.052864E-07 5
2100 0041807995 20031708016 5.204364E05 249.35970595 19769758713 2480988956 1.21077E-07 1.051331E-07 ]
2400 0041739274 19998781241 5.609564E-05 278.35703862 19.737262513 2747170379 1.208972E-07 1.049803E-07 ]
2700 0041670764 19965955625 B.410453E05 307.14778195 19.7048686148 3031312923 1.20718E-07 1.048279E-07 ]
3000 0041602464 19933230869 7.007057ED5 33573321538 19.672569325 3313429217 1.205393E-07 1.046759E-07 ]
3300 0041534375 19900 606679 7.599403E05 364.11461094) 19.840371753 3593531813 1.203610E-07 1.045243E-07 ]
3800 0041466454 19868082755 S 187S16E0S 392.29323314) 19.808273139 3671633192 1.201833E-07 1.043731E-07 ]
3800 0041396023 19635650014 B771424E05 42027033918 19.576273194 4147745760 1.200061E-07 1.042224E-07 5
4200 0041331359 19803334552 H9.351152E05 4480471788 19544371628 44218816854 1.196290E-07 1.040721E-07 5
4500 0041264103 1977110966 9.926726E05 47562499483 19512568152 4694053736 1.196631E-07 1.039221E-07 5
4800 0041197053 19738983906 0001049617 503.00502227 19.460062478  A9G4273598 1.194773E-07 1.037726E-07 5
5100 00411302100 19706.956938 0001108552 53010840928 19.448264319 5232063560 1.193021E-0F 1.036236E-07 ]
5400 0041083573 19675.028488 0001162878 557 17BE1678 19.417743385 5498005668 1.191273E-07 1.034748E-07 5
5700 004099714 19643198265 000M2188 58397081851 19.386329400 5763341805 1.189530E-07| 1.0332686E-07 ]
G000 00409309120 19611.46588 0001274319 B10.57170118)  19.35501207  BO25874179  1.187793E-07 1.031787E-07 ]
B300 0040864867 19579831346 0001329437 B36.98108434) 19.323791113  B286514329  1.18606E-07 1.030312E-07 ]
BE00 0040799066 19548294075 0001384158 663.19990068 19.292666247  B545274126 1.184332E-07 1.028842E-07 ]
BS00 0040733445 195168535682 0001438454 6892293968 19.261637189 602165265 1.182608E-07 1.027375E-07 ]
7200 0040665031 19485510450 0001452418 715.07072542 19.230703857 7067199392 1.180890E-07 1.025813E-07 5
7500 0040602516 19454 263586 0001545961 740.72507035 19.199865369 7310388062 1.179177E-07  1.024455E-07 5
7800 00405378020 19423112913 0001599116 766.19350656) 19.169122046 7561742774 1.177460E-07 1.023000E-07 5
G100 0040472966 19392056181 0001651685 791.47743518) 19.138473408 7611274959 1.175764E-07  1.02155E-07 5
8400 0040408373 19361.099106 0001704272 B16.57776761 19107919177 B0AG996979 1.174065E-07 1.020103E-07 5
G700 0040343958 19330.235406 0001756270 04149672847 19.077489073 0304817133 1.172370E-0F 1.018661E-07 ]
9000 0040279741 19299 466801 0001807906 86E6.23245571 19.047092821 8549049649 1.170681E-07 1.017223E-07 ]
9300 0040215722 19268793011 00018559158 890.789080558 19.016520144 87914046894 1.168996E-07 1.015788E-07 ]
9800 00401519000 19238213755 0001910036 91516672775 18.986640765  S031993366 1.167316E-07 1.014358E-07 ]
c
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using System;



using System.Drawing;

using System.Collections;
using System.ComponentModel;
using System.Windows.Forms;
using MAP1l. 0.Engine;

using MAPl. 0.ModelValue;
using MAP1l. 0.Utils;

namespace MAPl. 0
{
/// <summary>
/// </summary>
public class Film : System.Windows.Forms.Form
{
private static int option = O0;
private static string id;
private Util utils;

private System.Windows.Forms.Label labell;

private System.Windows.Forms.Label label2;

private System.Windows.Forms.Label label3;

private System.Windows.Forms.Label label4;

private System.Windows.Forms.Label label5;

private System.Windows.Forms.Label label6;

private System.Windows.Forms.Label label7;

private System.Windows.Forms.ListView FilmList;

private System.Windows.Forms.ColumnHeader columnHeaderl;
private System.Windows.Forms.ColumnHeader columnHeader2;
private System.Windows.Forms.ColumnHeader columnHeader3;
private System.Windows.Forms.ColumnHeader columnHeader4;
private System.Windows.Forms.ColumnHeader columnHeader5;
private System.Windows.Forms.ColumnHeader columnHeader6;
private System.Windows.Forms.ColumnHeader columnHeader7;
private System.Windows.Forms.ColumnHeader columnHeader$8;
private System.Windows.Forms.Button addbnt;

private System.Windows.Forms.Button deletebnt;

private System.Windows.Forms.Button updatebnt;

private System.Windows.Forms.TextBox txtname;

private System.Windows.Forms.TextBox txtPo;

private System.Windows.Forms.TextBox txtPco2;

private System.Windows.Forms.TextBox txtPh2o0;

private System.Windows.Forms.TextBox txtephl0;

private System.Windows.Forms.TextBox txtepco2;

private System.Windows.Forms.TextBox txtepo?2;

private System.Windows.Forms.Button clearbnt;

private System.Windows.Forms.Button okbnt;

/// <summary>

/// </summary>

private System.ComponentModel.Container components = null;

public Film()

{
InitializeComponent () ;
utils = new Util();

}

/// <summary>
/// </summary>
protected override void Dispose( bool disposing )
{
if( disposing )
{



if (components != null)
{
components.Dispose () ;
}
}
base.Dispose ( disposing );

}

#fregion Windows Form Designer generated code

/// <summary>

/// </summary>

private void InitializeComponent ()

{
this.labell = new System.Windows.Forms.Label ();
this.txtname = new System.Windows.Forms.TextBox () ;
this.txtPo = new System.Windows.Forms.TextBox () ;
this.label2 = new System.Windows.Forms.Label ();
this.txtPco2 = new System.Windows.Forms.TextBox () ;
this.label3 = new System.Windows.Forms.Label ();
this.txtPh20 = new System.Windows.Forms.TextBox () ;
this.labeld4d = new System.Windows.Forms.Label ();
this.txteph20 = new System.Windows.Forms.TextBox () ;
this.label5 = new System.Windows.Forms.Label ();

this.txtepco2 = new System.Windows.Forms.TextBox () ;
this.label6 = new System.Windows.Forms.Label ();
this.txtepo2 = new System.Windows.Forms.TextBox () ;

this.label7 = new System.Windows.Forms.Label ();
this.FilmList = new System.Windows.Forms.ListView() ;

this.columnHeaderl = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader2 = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader3 = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader4d = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader5 = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader6 = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader7 = new
System.Windows.Forms.ColumnHeader () ;
this.columnHeader8 = new

System.Windows.Forms.ColumnHeader () ;
this.addbnt = new System.Windows.Forms.Button () ;
this.deletebnt = new System.Windows.Forms.Button();
this.updatebnt = new System.Windows.Forms.Button ()
this.clearbnt = new System.Windows.Forms.Button();
this.okbnt = new System.Windows.Forms.Button () ;
this.SuspendLayout () ;
this.labell.Location = new System.Drawing.Point (8,

’

16);

this.labell.Name = "labell";

this.labell.TabIndex = 0;

this.labell.Text = "Film Name";

this.txtname.Location = new System.Drawing.Point (152,
16);

this.txtname.Name = "txtname";

this.txtname.Size = new System.Drawing.Size (152, 20);

this.txtname.TabIndex = 1;

this.txtname.Text = "";

this.txtPo.Location = new System.Drawing.Point (320,
48) ;

this.txtPo.Name = "txtPo";



48) ;

plastic film

80) ;

80) ;

plastic film

112);

112);

plastic film

208) ;

208) ;

176);

176);

144) ;

this
this
this
this.

this.
this.
this.
this.

this.

this
this
this
this
this.

this.
this.
this.
this.

this.

this
this
this
this
this.

this.
this.
this.
this.

this.

this
this
this
this
this.

this.
this.
this.
this
this

this
this
this
this
this.

this.
this.
this.
this.
this

this
this

.txteph20.Name
.txteph20.5ize = new System.Drawing.Size (96, 20);
.txteph20.TabIndex = 13;

.txteph20.Text = "";

.txtepo2.Name
.txtepo2.Size = new System.Drawing.Size (96, 20);

.txtPo.Size = new System.Drawing.Size (96, 20);
.txtPo.TabIndex = 3;
.txtPo.Text = "";

label2.Location = new System.Drawing.Point (8,

label?2.Name "label2";

label2.S5ize = new System.Drawing.Size (296, 23);
label2.TabIndex = 2;

label2.Text = "0O2 permeability coefficient of a

[mol/m-s-Pal";

txtPco2.Location = new System.Drawing.Point (320,

.txtPco2.Name = "txtPco2";

.txtPco2.Size = new System.Drawing.Size (96, 20);
.txtPco2.TabIndex = 5;

.txtPco2.Text = "";

label3.Location = new System.Drawing.Point (8,

label3.Name = "label3";

label3.Size = new System.Drawing.Size (296, 23);
label3.TabIndex = 4;

label3.Text = "CO2 permeability coefficient of a

[mol/m-s-Pal";

txtPh20.Location = new System.Drawing.Point (320,

.txtPh20.Name = "txtPh20";

.txtPh20.Size = new System.Drawing.Size (96, 20);
.txtPh20.TabIndex = 7;

.txtPh20.Text = "";

labeld.Location = new System.Drawing.Point (8,

label4 .Name "labeld";

labeld.Size = new System.Drawing.Size (312, 23);
labeld.TabIndex = 6;

label4.Text = "H20 permeability coefficient of a

[m3.m/s.m2.Pal";

txteph2o0.Location = new System.Drawing.Point (320,

"txteph20";

label5.Location = new System.Drawing.Point (8,

label5.Name "labelb";
label5.Size = new System.Drawing.Size (160, 23);
label5.TabIndex = 12;

.label5.Text = "Activation enegry H20 [J/mol]";
.txtepco2.Location = new System.Drawing.Point (320,

.txtepco2.Name = "txtepco2";

.txtepco2.5ize = new System.Drawing.Size (96, 20);
.txtepco2.TabIndex = 11;

.txtepco2.Text = "";

label6.Location = new System.Drawing.Point (8,

label6.Name "labelo6";

label6.Size = new System.Drawing.Size (160, 23);
label6.TabIndex = 10;

label6.Text = "Activation enegry CO2 [J/mol]";

.txtepo2.Location = new System.Drawing.Point (320,

"txtepo2";



144) ;

this
this

this.
this.
this.
this.

this

.txtepo2.TabIndex =
.txtepo2.Text = "";
this.

label7.Location =

label7 .Name

9 .

’

new System.Drawing.Point (8,

"label7";

label7.5ize = new System.Drawing.Size (160, 23);
label7.TabIndex =

label7.Text = "Activation enegry 02
.FilmList.Columns.AddRange (new

System.Windows.Forms.ColumnHeader[]

248) ;

{

this
this
this

this
this
this
this

8 .

’

this.columnHeaders8,
this.columnHeaderl,
this.columnHeader?2,
this.columnHeader3,
this.columnHeader4,
this.columnHeader5,
this.columnHeader6,
this.columnHeader7}) ;

FilmList.
FilmList.
FilmList.

FilmList.
FilmList.
FilmList.
FilmList.

FullRowSelect = true;

GridLines = true;

Location = new System.Drawing

Name = "FilmList";

Size = new System.Drawing.Size (424, 97);
TabIndex = 14;

View =

System.Windows.Forms.View.Details;
this.FilmList.DoubleClick
System.EventHandler (this.FilmList DoubleClick);

48) ;

System.

System.

System.

System.

System.

184);

this
this
this
this
this

this
this
this
this
this

this
this
this
this

.addbnt.Text =
.addbnt.Click += new

.columnHeaderl.Text
.columnHeader?2.Text
.columnHeader3.Text
.columnHeader4.Text
.columnHeader5.Text

.columnHeadero6.Text
.columnHeader7.Text
.columnHeader8.Text
.columnHeader8.wWidt
.addbnt.Location =

EventHandler (this.addbnt Click);
this.deletebnt.Location
Drawing.Point (432, 112);
this.deletebnt.Name = "deletebnt";
this.deletebnt.TabIndex
this.deletebnt.Text = "Delete";
this.deletebnt.Click += new
EventHandler (this.deletebnt Click);
this.updatebnt.Location
Drawing.Point (432, 80);
this.updatebnt.Name = "updatebnt";
this.updatebnt.TabIndex
this.updatebnt.Text = "Update";
this.updatebnt.Click += new
EventHandler (this.updatebnt Click)
this.clearbnt.Location

h =

+= new

"PolymerName";

"Permeability 02";

’

[J/mol]"™;

.Point (8,

"Permeability CO2";
"Permeability H20";
"Activation enegry 02";

"Activation enegry CO2";
"Activation enegry H20";

"id";
0;

new System.Drawing.Point (432,

.addbnt.Name = "addbnt";
.addbnt.TabIndex =

15;

’

"Add" :

new

16;

new

17;

new System.Drawing

this.clearbnt.Name = "clearbnt";

.Point (432,



this.clearbnt.TabIndex = 18;
this.clearbnt.Text = "Cancel";
this.clearbnt.Click += new
System.EventHandler (this.clearbnt Click);
this.okbnt.Location = new System.Drawing.Point (432,

152);
this.okbnt.Name = "okbnt";
this.okbnt.TabIndex = 19;
this.okbnt.Text = "Ok";

this.okbnt.Click += new
System.EventHandler (this.okbnt Click);
this.AutoScaleBaseSize = new System.Drawing.Size (5,
13);
this.ClientSize = new System.Drawing.Size (512, 358);
this.Controls.Add (this.okbnt);
this.Controls.Add(this.clearbnt) ;
this.Controls.Add (this.updatebnt);
this.Controls.Add(this.deletebnt)
this.Controls.Add (this.addbnt) ;
this.Controls.Add (this.FilmList) ;
this.Controls.Add (this.txteph20);
this.Controls.Add(this.labelb);
this.Controls.Add (this.txtepco?2);
this.Controls.Add (this.label6);
this.Controls.Add (this.txtepo2);
(
(
(
(
(
(
(
(
(
"

’

this.Controls.Add(this.label?7);
this.Controls.Add (this.txtPh2o0);
this.Controls.Add(this.labeld);
this.Controls.Add (this.txtPco2);
this.Controls.Add (this.label3);
this.Controls.Add (this.txtPo);
this.Controls.Add (this.label?2);
this.Controls.Add (this.txtname) ;
this.Controls.Add (this.labell);
this.Name = "Film";
this.ShowInTaskbar = false;
this.StartPosition =
System.Windows.Forms.FormStartPosition.CenterScreen;
this.Text = "Film";
this.Load += new System.EventHandler (this.Film Load) ;
this.Resumelayout (false);

}

#endregion

/// <summary>
/// </summary>
protected static int OPTION
{
get{return option;}
set{option = value;}
}
/// <summary>
/// </summary>
protected static string ID
{
get{return id;}
set{id = value;}
}
private void Film Load(object sender, System.EventArgs e)
{
SetFilmList () ;
DisableAll () ;



private void SetFilmList ()
{
FilmList.Items.Clear () ;
FilmValue[] Value = new FilmManager () .ListFilm()
IEnumerator film enum = Value.GetEnumerator();
while (film enum.MoveNext () )
{
FilmValue film = (FilmValue)film enum.Current;
ListViewItem list = new
ListViewItem(film.ID.ToString());
list.SubItems.Add (film.POLYMERNAME) ;
list.SubItems.Add (film.PO2.ToString())
list.SubItems.Add (film.PCO2.ToString()) ;
list.SubItems.Add (film.EPO2.ToString()) ;
list.SubItems.Add (film.EPCO2.ToString());
list.SubItems.Add (film.PH20.ToString())
list.SubItems.Add (film.EPH20.ToString ()
FilmList.Items.Add (list);

) ;
}

private void FilmList DoubleClick (object sender,
System.EventArgs e)
{
ID = this.FilmList.FocusedItem.SubItems[0].Text;
txtname.Text =
this.FilmList.FocusedItem.SubItems[1].Text;
txtPo.Text = FilmList.FocusedItem.SubItems[2].Text;
txtPco2.Text = FilmList.FocusedItem.SubItems[3].Text;
txtepo2.Text = FilmList.FocusedItem.SubItems[4].Text;
txtepco2.Text = FilmList.FocusedItem.SubItems[5].Text;
txtPh20.Text = FilmList.FocusedItem.SubItems[6].Text;
txteph20.Text = FilmList.FocusedItem.SubItems[7].Text;

DisableAll () ;
}

private void EnableAll ()

{
txtname.Enabled = true;
txtPo.Enabled = true;
txtPco2.Enabled = true;
txtepo2.Enabled = true;
txtepco2.Enabled = true;
txtPh20.Enabled = true;
txteph20.Enabled = true;

}

private void DisableAll ()

{
txtname.Enabled = false;
txtPo.Enabled = false;
txtPco2.Enabled = false;
txtepo2.Enabled = false;
txtepco2.Enabled = false;
txtPh20.Enabled = false;
txteph20.Enabled = false;

}

private void ClearTextAll ()

{
txtname.Text = "";

txtPo.Text = "";

txtPco2.Text = "";

txtepo2.Text = "";



tXtepCOZ.Text = nn,

txtPh20.Text = nw .

txteph20.Text = "";
}

private void addbnt Click (object sender, System.EventArgs e)
{

OPTION = 1;

ClearTextAll () ;

EnableAll () ;

}

private void clearbnt Click(object sender, System.EventArgs

e)
{
ClearTextAll (),
DisableAll () ;
}
private void updatebnt Click (object sender, System.EventArgs
e) b
{
OPTION = 2;
EnableAll () ;
}
private void deletebnt Click(object sender, System.EventArgs
e)

{
DisableAll () ;
if (MessageBox.Show ("Are you sure you want to delete?",
"Confirm", MessageBoxButtons.YesNo, MessageBoxIcon.Question) ==
DialogResult.Yes)
{
new FilmManager () .DeleteFilm(ID);
ClearTextAll () ;
SetFilmList () ;

}

private void okbnt Click(object sender, System.EventArgs e)
{
if (OPTION == 1)
{
try
{
if (null != new
FilmManager () .GetFilmByName (txtname.Text))
{

utils.alert ("Film is duplicate");

}

else
{
FilmValue film = new FilmValue ()
film.POLYMERNAME = txtname.Text;
film.PO2 =
Convert.ToDouble (txtPo.Text.ToString());
film.PCO2 =
Convert.ToDouble (txtPco2.Text) ;
film.EPO2 =
Convert.ToDouble (txtepo2.Text) ;
film.EPCO2 =

Convert.ToDouble (txtepco2.Text) ;



film.PH20 =
Convert.ToDouble (txtPh20.Text) ;
film.EPH20 =
Convert.ToDouble (txteph20.Text) ;
new FilmManager () .AddFilm(film) ;
utils.alert ("dn film Buudes™) ;
SetFilmList () ;
}
}
catch (InvalidCastException invalid)
{
Console.WriteLine (invalid.ToString());
utils.alert ("Please fill all the field ");
}
catch (FormatException invalid)
{
Console.WriteLine (invalid.ToString());
utils.alert ("Please fill all the field ");
}
}
else if (OPTION == 2)
{

try
{
FilmValue film = new FilmValue () ;
film.POLYMERNAME = txtname.Text;
film.PO2 =
Convert.ToDouble (txtPo.Text.ToString () ) ;
film.PCO2 =
Convert.ToDouble (txtPco2.Text) ;
film.EPO2 =
Convert.ToDouble (txtepo2.Text) ;
film.EPCO2 =
Convert.ToDouble (txtepco2.Text) ;
film.PH20 =
Convert.ToDouble (txtPh20.Text) ;
film.EPH20 =

Convert.ToDouble (txteph20.Text) ;

film.ID = Convert.ToInt32(ID);
new FilmManager () .UpdateFilm(film);
utils.alert ("udle £ilm Favfea") ;
SetFilmList () ;

}

catch (InvalidCastException invalid)

{
Console.WriteLine (invalid.ToString());
utils.alert ("Please fill all the field ");

}

catch (FormatException invalid)

{
Console.WriteLine (invalid.ToString());
utils.alert ("Please fill all the field ");
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using System;

using System.Drawing;

using System.Collections;
using System.ComponentModel;
using System.Windows.Forms;
using System.Data.0leDb;
using System.Data.SglClient;
using System.Data;

using MAP1l. 0.Utils;

using MAP1l. 0.ModelValue;
using MAP1l. 0.Engine;

namespace MAPl. 0.Core
{
/// <summary>
/// Summary description for calModel3.
/// </summary>
public class calModel3
{
private ToleranceManager toleranceManager;
private TotalTableValue totalValue = null;
private MAPManager mapManager = null;
private MoistureValue moistureValue = null;
private Moisture moisture = null;
private Model model = null;
public calModel3 (object obj)
{
toleranceManager = new ToleranceManager () ;
mapManager = new MAPManager () ;
totalValue new TotalTableValue () ;
moistureValue = new MoistureValue();
moisture = new Moisture();
model = (Model)obj;

}
public void Cal (Model3Value model3, string tableName, string

plantName)
{

mapManager.DeleteDataFromTable (tableName) ;

ToleranceValue tolerance =
toleranceManager.GetToleranceByPrimaryKey (plantName) ;
if (tolerance.TOLERANCE ID == 0)
{
totalvalue.T0O2 = 10;
totalValue.TCO2 = 2;
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else

totalvValue.TO2 = tolerance.TO02;
totalValue.TCO2 = tolerance.TCO2;
}
double time;
int h=Utils.Constant.STEP_ SIZE;
double t=0,no,nc;
double mol,mo2,mo3,mo4,mcl, mc2,mc3,mc4;

double nT = 0;

time = model3.DAY*24*60*60;

model.progressBarl.Maximum = Convert.ToInt32 (time) ;
model .progressBarl.Minimum 0;

// start loop

for (int 1i=0;i<=time;i+=h)

{
totalvalue.TIME = i;
moistureValue.TIME = 1i;
totalValue.RO = model3.RO;
totalValue.RC model3.RC;

if (i == 0)
{

#fregion Start calculate initial Condition

totalValue.PO = (model3.YO0*101325)/100;
totalValue.PCO = (model3.YCO0*101325)/100;
totalvValue.NOO =
((totalvalue.PO*model3.VOLUME) / (8.314*model3.TSTORAGE)) ;

nT =
((101325*model3.VOLUME) / (8.314*model3.TSTORAGE)) ;

totalValue.PNO =
(totalvalue.PO*100)/(101325);

#endregion

moistureValue =
moisture.CalculateInitialCondition (model3, totalValue);
}
else
{
model.progressBarl.Value +=
Utils.Constant.STEP SIZE;

#fregion Calculate package design
mol =
eqgno (model3, totalValue, t, totalValue.NOO) ;
mo2 =
eqgno (model3, totalValue, t+0.5*h, totalValue.NOO+0.5*h*mol) ;
mo3 =
eqgno (model3, totalValue, t+0.5*h, totalValue.NOO+0.5*h*mo2) ;
mod =
egno (model3, totalValue, t+h, totalValue.NOO+h*mo3) ;
no =
totalValue.NOO+ ( (mol+(2.0*mo2)+ (2.0*mo3)+mo4) * (h/6)) ;
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totalvValue.NOO = no;
totalValue.PO =
(8.314*totalValue.NOO*model3.TSTORAGE) /model3.VOLUME;

totalValue.PNO =
(totalvValue.NOO*100) / (nT) ;

if (totalValue.PNO < 0 )
totalValue.PNO = 0;
#endregion

#region Calculate Moisture
moistureValue =

moisture.CalculateMoisture (model3, totalvValue, t);
#endregion

}
mapManager.InsetResult (totalValue, tableName) ;

mapManager.InsetMoisture (moistureValue, tableName) ;

}

model .progressBarl.Value = 0;
MessageBox.Show ("msaruiniaiaan

ud", "Information",MessageBoxButtons.OK, MessageBoxIcon.Information) ;

}

#region

private double eqno (Model3Value model3, TotalTableValue
totalValue,double t,double no0)

{

return

( (model3.PO/model3.THICKNESS) *model3.AREA* (21283.0-totalValue.PO)) -
(model3.RO*model3.MASS) ;

}

#endregion

}

using System;

using System.Drawing;

using System.Collections;
using System.ComponentModel;
using System.Windows.Forms;
using System.Data.0leDb;
using System.Data.SglClient;
using System.Data;

using MAPl. 0.ModelValue;
using MAP1l. 0.Utils;

namespace MAPl. 0.Engine
{
/// <summary>
/// </summary>
public class MAPManager
{
public MAPManager ()
{

}

/// <summary>
/// <b> </b>
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/// </summary>
/// <param name="tableName">Table name</param>
public void DeleteDataFromTable (string tableName)
{
OleDbConnection conn = new
OleDbConnection (Utils.Constant.STRCONN TOTALTABLE) ;
OleDbConnection connl = new
OleDbConnection (Utils.Constant.STRCONN MOISTURE) ;
if (conn.State == ConnectionState.Open)
{
conn.Close () ;
}
conn.Open() ;
if (connl.State == ConnectionState.Open)
{
connl.Close();

}

connl.Open () ;
string sglDelete = "DELETE FROM "+tableName;
OleDbCommand comDelete = new OleDbCommand() ;

comDelete.CommandType = CommandType.Text;
comDelete.CommandText = sqglDelete;
comDelete.Connection = conn;

OleDbCommand comDeletel = new OleDbCommand() ;

comDeletel.CommandType = CommandType.Text;
comDeletel.CommandText = sglDelete;
comDeletel.Connection = connl;
try
{
comDelete.ExecuteNonQuery () ;
comDeletel .ExecuteNonQuery () ;
}
catch (Exception e)
{
Console.WriteLine (e.ToString());
}
finally
{
conn.Close () ;
connl.Close();

/// <summary>

/// </summary>

/// <param name="totalValue"></param>

/// <param name="tablename"></param>

public void InsetResult (TotalTableValue totalValue,string

tablename)
{
OleDbConnection myConnection = null;
OleDbCommand command = null;
myConnection = new
OleDbConnection (Utils.Constant.STRCONN TOTALTABLE) ;
if (myConnection.State == ConnectionState.Open)

{

myConnection.Close () ;

}
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myConnection.Open () ;

string sglAdd = "INSERT INTO "+tablename+" VALUES
(QRtime, @no0, @po, @ncO, @pco, @pno, @pnc, @Ro, @Rc, RTO2, @RTCO2) ";

command = new OleDbCommand () ;

command.CommandType = CommandType.Text;
command.CommandText = sglAdd;
command.Connection = myConnection;

command.Parameters.Add (new
OleDbParameter ("Q@time", totalValue.TIME)) ;
command.Parameters.Add (new
OleDbParameter ("@noO", totalValue.NOO)) ;
command.Parameters.Add (new
OleDbParameter ("@po", totalValue.PO)) ;
command.Parameters.Add (new
OleDbParameter ("@ncO", totalValue.NCO)) ;
command.Parameters.Add (new
OleDbParameter ("@pco", totalValue.PCO)) ;
command.Parameters.Add (new
OleDbParameter ("@pno", totalValue.PNO)) ;
command.Parameters.Add (new
OleDbParameter ("@pnc", totalValue.PNC)) ;
command.Parameters.Add (new
OleDbParameter ("QRo", totalValue.RO)) ;
command.Parameters.Add (new
OleDbParameter ("QRc", totalValue.RC)) ;
command.Parameters.Add (new
OleDbParameter ("Q@TO2", totalValue.T02)) ;
command.Parameters.Add (new
OleDbParameter ("QTCO2", totalValue.TCO2)) ;

try

{
command.ExecuteNonQuery () ;
myConnection.Close () ;

}

catch (Exception e)

{

Console.WriteLine (e.ToString());

}

/// <summary>

/// </summary>

/// <param name="moistureValue"></param>

/// <param name="tablename"></param>

public void InsetMoisture (MoistureValue moistureValue,string

tablename)
{
OleDbConnection myConnection = null;
OleDbCommand command = null;
myConnection = new
OleDbConnection (Utils.Constant.STRCONN MOISTURE) ;
if (myConnection.State == ConnectionState.Open)

{

myConnection.Close () ;

}

myConnection.Open () ;

string sglAdd = "INSERT INTO "+tablename+"
VALUES (@time, @tplant, @W0, @m2, @ml, @perRH, @ma) ";

command = new OleDbCommand () ;
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command.CommandType = CommandType.Text;
command.CommandText = sqglAdd;
command.Connection = myConnection;

command.Parameters.Add (new
OleDbParameter ("Q@time",moistureValue.TIME) ) ;
command.Parameters.Add (new
OleDbParameter ("Q@tplant",moisturevValue.TP));
command.Parameters.Add (new
OleDbParameter ("@WO",moistureValue.ABSOLUTE HUMIDITY)) ;
command.Parameters.Add (new
OleDbParameter ("@m2",moistureValue.M2)) ;
command.Parameters.Add (new
OleDbParameter ("@ml",moistureValue.M1l)) ;
command.Parameters.Add (new
OleDbParameter ("@perRH",moistureValue.PERCENT RH));
command.Parameters.Add (new
OleDbParameter ("@ma",moistureValue.MA)) ;

try

{
command. ExecuteNonQuery () ;
myConnection.Close() ;

}

catch (Exception e)

{
Console.WriteLine (e.ToString());

}

/// <summary>
/// </summary>
/// <param name="connection"></param>
/// <param name="tablename"></param>
/// <param name="column"></param>
/// <returns></returns>
public double[] GetAxis(string connection, string
tablename, string column)
{
OleDbConnection myConnection = new
OleDbConnection (connection) ;
string queryaxis = "select "+column+" from

"t+tablename;

OleDbCommand cmd new OleDbCommand (queryaxis,
myConnection) ;
OleDbDataAdapter myAdapterFilm = new OleDbDataAdapter (
queryaxis, myConnection );
DataSet axis= new DataSet();
myAdapterFilm.Fill (axis, column) ;
myConnection.Open () ;
OleDbDataReader reader;
reader = cmd.ExecuteReader ()
int Row = axis.Tables[column].Rows.Count;
double[] X = new double[Row];
for (int i=0;i<Row;i++)
{
reader.Read () ;
X[i] = reader.GetDouble (0);
}
myConnection.Close () ;
return X;
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using System;

namespace MAPl. 0.ModelValue
{
/// <summary>
/// </summary>
public class Model3Value : GeneralValue
{
public Model3Value ()
{
//
// TODO: Add constructor logic here
//

/// <summary>

/// This Constructor have General Value

/// </summary>

/// <param name="generalValue">Set GeneralValue</param>

public Model3Value (GeneralValue generalValue)
{
PO = generalValue.PO;
PCO = generalValue.PCO;
TPLANT = generalValue.TPLANT;
TSTORAGE = generalValue.TSTORAGE;
MASS = generalValue.MASS;
YOO = generalValue.YOO;
YCOO = generalValue.YCOO;
DAY = generalValue.DAY;
ALPHA = generalValue.ALPHA;
AREA = generalValue.AREA;
THICKNESS = generalValue.THICKNESS;
VOLUME = generalValue.VOLUME;
RHINT = generalValue.RHINT;
RHEXT = generalValue.RHEXT;
HEAT OUTSIDE = generalValue.HEAT OUTSIDE;
HEAT INSIDE = generalValue.HEAT INSIDE;
IsHEAT INSIDE NOTNULL =
generalValue.IsHEAT INSIDE NOTNULL;
IsHEAT OUTSIDE NOTNULL =
generalValue.IsHEAT OUTSIDE NOTNULL;
Pw = generalValue.Pw;
}
private double rqg;
private double rc;
private double ro;

/// <summary>

/// Get or Set RQ

/// </summary>

public double RQ

{
get{return rqg;}
set{rqg = value;}

}

/// <summary>

/// Get or Set RC

/// </summary>

public double RC

{
get{return rc;}
set{rc = value;}

}

/// <summary>
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/// Get or Set RO

/// </summary>

public double RO

{
get{return ro;}
set{ro = value;}

using System;
using MAP1l. 0.ModelValue;
using MAPl. 0.Engine;
using NUnit.Framework;
using System.Collections;
namespace MAPl. 0.Test
{
/// <summary>
/// </summary>
[TestFixture]
public class TestFilmManager
{
public TestFilmManager ()
[Test]
public void TestGetAllFilm()
{

FilmValue[] Value new FilmManager () .ListFilm() ;
IEnumerator ienum = Value.GetEnumerator () :;
while (ienum.MoveNext () )
{
FilmValue film = (FilmValue)ienum.Current;
Assert.IsNotNull (film) ;

}
[Test]
public void TestGetFilm()
{
FilmValue film = new
FilmManager () .GetFilmByName ("Orega") ;
Assert.IsNotNull (film) ;
}
[Test]
public void TestAddFilm()
{

FilmValue film = new FilmValue ()

film.POLYMERNAME = "Film";
film.PO2 = 0;
film.PCO2 = 1;

1
film.EPO2 = 2;
film.EPCO2 = 3;
film.PH20 = 4;
film.EPH20 = 5;
new FilmManager () .AddFilm(film) ;

FilmValue filmValue = new
FilmManager () .GetFilmByName ("Film") ;
Assert.AreEqual (filmValue.POLYMERNAME, "Film") ;
Assert.AreEqual (filmValue.P02,0);
Assert.AreEqual (filmValue.PC02,1);
Assert.AreEqual (filmValue.EPO2,2) ;
Assert.AreEqual (filmValue.EPCO2, 3) ;
Assert.AreEqual (filmValue.PH20,4) ;
Assert.AreEqual (filmValue.EPH20,5) ;
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public void TestUpdateFilm()

{

FilmValue film = new FilmValue () ;

film.POLYMERNAME =

film.PO2 = 5;

film.PCO2 4
film.EPO2 = 3

’

film.EPCO2 = 2;
film.PH20 = 1;
film.EPH20 = 0;
new FilmManager () .UpdateFilm(film);

FilmValue filmValue = new
FilmManager () .GetFilmByName ("Filml") ;

Assert.
.AreEqual
.AreEqual
Assert.
Assert.
Assert.
Assert.

Assert
Assert

AreEqual (filmValue.
filmValue.
filmValue.
filmValue.
filmvValue.
filmvalue.
filmvalue.

AreEqual
AreEqual
AreEqual
AreEqual

—~ o~~~

"Filml";

POLYMERNAME, "Filml") ;
P02,5);

PCO2,4) ;

EPO2, 3) ;

EPCO2,2) ;

PH20,1) ;

EPH20,0) ;
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