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ABSTRACT

This thesis dealt with the analysis of 2.45 GHz microwave (MW) distribution for
ready-10-cook fresh-cut asparagus (Asparagus officinalis var. alulis L.) in polypropylene (PP)
packaging. Pre-packed asparagus was simulated for cooking process inside a domestic microwave
oven with size of 30x30x20 centimeters {w x | x h). The MW heating process simulation applied
finite integral method and Maxwell’s equations to solve an E-field inside microwave cavity. The
E-field was further converted into temperature mapping based on heat transfer equations using
finite different time domain. Validation was performed by comparing the simulated data and
actual temperatures of MW asparagus captured on thermal imaging camera. Then heat
distribution with the modified properties of microwavable packaging for asparagus was studied.
The result indicated that simulated temperature mapping of asparagus on a regular PP packaging
agreed with thermal images. Temperature distribution of MW-heated asparagus was not uniform
within a range between 75.6 and 28.0°C. From simulation, the modified microwavable package
with dielectric loss (£ " ), of 16 (similar to & " of asparagus) helped improve heating uniformity,
resulting in the mean temperature difference between hot and cold spots of 3.5°C compared to
packaging with € " of 0.003 (similar to € " of regular PP packaging). This work provided
guidelines to modify the MW cooking conditions and the microwavable packaging which can

minimize experimental cost for ready-to-cook foods.
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Sub Run2()

actime =0

wide = Worksheets(1).Cells(3, 3) '(Enter wide ')

Height = Worksheets(1).Cells(4, 3) '('"Enter hight ")

delt = Worksheets(1).Cells(5, 3) '('Enter time increment ");

alpha = Worksheets(1).Cells(6, 3) '('Enter thermal diffusivity ')

k = Worksheets(1).Cells(7, 3) ("Enter thermal conductivity ')

h = Worksheets(1).Cells(8, 3) '(Enter surface heat transfer coefficient ')
Nx = Worksheets(1).Cells(9, 3) "Enter Number of node in r direction ')
Ny = Worksheets(1).Cells(10, 3) '('"Enter Number of node in y direction '}
T int = Worksheets(1).Cells(11, 3) ' (‘'Enter Initial temperature of product')
Omega = Worksheets(1).Cells(33, 3) "Enter Omega )

EO0 = Worksheets(1).Cells(34, 3) '(‘'Enter EQ ")

Eeff = Worksheets(1).Cells(35, 3) ' (Enter Eeff')

Fo = Worksheets(1).Cells(21, 3} '('Enter Fo "}

Bi = Worksheets(1).Cells{22, 3) * ('Enter Bi')

Factor = Worksheets(1).Cells(23, 3) ' (Enter factor’)

delx = wide / Nx

dely = Height / Ny

actime =0

Worksheets(1).Cells(27, 3) = actime

cc=20

ReDim T(Ny, Nx)

Fori=1To Ny
Forj=1ToNx
Tt jy=T int

Worksheets(1).Cells(36 + i, 7 + 1) = T(, j)
Worksheets(1).Cells(36 + i, 7+ j) = T(i, j)



If T{i, j} <= 0 Then
cc=1
Elself 0 < T(i, j) <= 10 Then
cc=125
Elself 10 < T(i, j) <= 25 Then
cc=>5
Elself 25 < T(i, j) <= 27 Then
cc =41
Elself 27 < T(i, j) <= 29 Then
cc=42
Elself 29 < T(j, j) <= 31 Then
cc =43
Elself 31 < T(i, j) <= 33 Then
cc =27
Elself 33 < T(}, j) <= 35 Then
cc=44
Elself 35 < T(i, j) <= 37 Then
cc=45
Elself 37 < T(1, j) <= 39 Then
cc =46
Else
cc=3
End if
Worksheets(1).Cells(36 + 1, 7 + j).Select
With Selection.Interior
.ColorIndex = cc
.Pattern = xISolid
End With
ifi=1Andj=1 Then

Range("ael2,ae13").Select
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With Selection.Interior
.ColorIndex = cc
JPattern = x15olid
End With
Elself1=Ny And j = Nx Then
Range("am19:am21").Select
With Selection.Interior
.ColorIndex = cc
Pattern = x1Solid
End With

End If

"Worksheets(1).Cells(36 + 1, 7 + j).Select
'With Selection.Interior
"ColorIndex = cc
".Pattern = x1Solid
'End With
Next
Next
Worksheets(1).Cells(15, 3) = delx
Worksheets(1).Cells(186, 3) = dely
ReDim newtemp(Ny, Nx}
Fori=1To Ny
Forj=1ToNx
newtemp(i, ;) =T int
Next
Next
Do Until actime = Worksheets(1).Cells(13, 3} '('Enter time')
i=0

j=0

7l
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If Fo <= 0.25 And Fo * (2 + Bi) <= 0.5 And Fo * (1 + Bi) <= 0.25 Then
Fori=1To Ny
Forj=1To Nx
Rem left uper corner node
Ifi=1Andj=1 Then
newtemp(i, j}=2*Fo * (T(i+ 1,)) + TG, j+ )+ (2 * Bi * T_int)) + (1 - (4 * Fo * Bi))

* T(, j) + (8 * Omega * EO * Eeff * Worksheets(1).Cells(119 + i, 7 + j) * Factor * Fo) / k

Rem uper surface nodes
Elselfi=1And j> 1 Andj < Nx Then
newtemp(i, i) = (Fo * 2 * TG+ 1, )+ TG, j+ D+ TEj- D+ Q*Bi* T_int)) + (1 -
(4 * Fo)+ (2 * Fo * Bi}) * T(1,j) + (4 * Omega * FO * Eeff * Worksheets(1).Cells(119 + 1,7 + j)

* Factor * Fo) / k

Rem right uper corner node
Elselfi=1Andj> 1 And j = Nx Then
newtemp(i, ) =2 * Fo* (TG + 1, )} + TG, j- D +{(2*Bi* T _int)) + (1 - (4 * Fo * B1))

*T(1, ]) + (8 * Omega * EO * Eeff * Worksheets(1).Cells(119 4+ 1, 7 + 1) * Factor * Fo) / k

Rem left surface nodes
Elselfi>1 Andi< Ny Andj=1 Then
newtemp(i, ) =Fo * (2 * T(i,j+ )+ TG-1,))+ TG+ 1, )+ (2 *Bi* T int)) + (1 -
(4 * Fo)+ (2 *Fo* Bi)) * T(1,7) + (4 * Omega * EO * Eeff * Worksheets{1).Cells(119 + i, 7 + )

* Factor * Fo) / k

Rem center node
Elselfi>1 And i < Ny Andj > I Andj< Nx Then
newtemp(i, j) =Fo * (TG + L, D+ TG - 1L, )+ TG, j- D+ T j+ 1D+ (1 -4 *Fo) *

T(, j)+ (2 * Fo * Omega * EO * Eeff * Worksheets(1).Cells{119 + 1, 7 + j) * Factor)
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Rem right surface node
Elselfi> | And1<Ny Andj>1 Andj = Nx Then
newtemp(i,j)=Fo * (2 *T(,j- D+ TGE-1,) + TG+ 1,))+ 2 *Bi *T_int)) + ((1 - 4
* Fo) + (2 * Fo * B1)) * T(i, ) + (4 * Omega * EO * Eeff * Worksheets(1).Cells(119 +i, 7 +j) *

Factor * Fo)/k

Rem left lower comer node
Eiselfi > 1 Andi=Ny And j=1 Then
newtemp(i, j) = (2 * Fo*(T{-1,))+ TG, j+ D+ 2 *Bi *T_int))) + ((1 - (4 *Fo *

Bi)) * T(, j)) + (8 * Omega * EO * Eeffl * Worksheets(1).Cells(119 + i, 7 + j) * Factor * Fo) / k

Rem lower surface node
Elselfi>1 Andi= Ny Andj> 1 And j <Nx Then
newtemp(i, J=Fo * 2 * TG -1,j) + TG, j- 1)+ T, j+ 1)+ (2 *Bi* T _int) + ({1 -
(4 * Fo) + (2 *Fo * BD)) * T(i, j)) + (4 * Omega * FOQ * Telf * Worksheets(1).Cells{119 +1, 7 + j)

* Factor * Fo}/k

Rem nght lower corner node
Elselfi> 1 And i~ Ny Andj>1 Andj = Nx Then
newtemp(i, =2 *Fo* (TG -1, )+ T(1,,;- D+ 2 *Bi*T int))) + ((1 - (4 *Fo *
Bi)) * T(i, j)) + (8 * Omega * EO * Eefl * Worksheets(1).Cells(119 + i, 7 + ;) * Factor * Fo) / k
End If
Worksheets(1).Cells(36 + 1, 7 + j) = newtemp(i, j)
If newtemp(i, j) <= 0 Then
cc =1
Elself newtemp(i, j) > 0 And newtemp(], |) <= 10 Then
ce=25
Elself newtemp(i, 1) > 10 And newtemp(i, j) <= 25 Then
ce=35

Elself newtemp(i, j) > 25 And newtemp(i, j) <= 27 Then



End If

cc=41

Elself newtemp(i, j) > 27 And newtemp(i, j) <= 29 Then
cc=42

Elself newtemp(i, j) > 29 And newtemp(i, j) <= 31 Then
cc =43

Elself newtemp(i, j) > 31 And newtemp(i, j) <= 33 Then
cc=27

Elself newtemnp(i, j) > 33 And newtemp(i, j) <= 35 Then
cc=44

Elself newtemp(i, j) > 35 And newtemp(i, j) <= 37 Then
cc=45

Elself newtemp(l, j) > 37 And newtemp(i, j) <= 39 Then
cc =46

Else

cc=13

Worksheets(1).Cells(36 + 1, 7 + j).Select

With Selection.Interior

.Colorlndex = c¢

Pattern = x1So0lid

End With

Ifi=1Andj=1 Then

Range("ael2,ae13").Select

With Selection.Interior

.ColorIndex = cc

.Pattern = x1Solid

End With

Elself 1= Ny And j = Nx Then
Range("am19:am21").Select

With Selection.Interior



.ColorIndex = c¢

.Pattern = x1Solid

End With

End If

Next

Next
Fori=1To Ny
Forj=1 To Nx

T(i, j) = newtemp(i, j)

Next
Next
Else
Fori=1To Ny
Forj=1To Nx
‘Worksheets(1).Cells(36 +1, 7 +j)=""
Next
Next
Worksheets(1).Cells(22, 8} = "System is not stable !!"
Worksheets(1).Cells(23, 8} =" Calculation failed”
End If
actime = actime + delt
Worksheets(1).Cells(27, 3) = actime
Loop

End Sub
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