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Table 1 The variables of the microwave heating process and their

levels.
o T gl e
Variable levels Py
-1 0 +1 Symbol variable
20 35 50 Xt 235> ol
Heating time (s)
630 765 900 X,: P 299,59k olgs

Microwave power (w)
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Fig. 3. The position of the thermometer in six points inside the cubic and cylindrical containers in the microwave oven (P,,P,...,Ps)
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Table 2 Analysis of the variance of quadratic polynomials for the response variable (cylindrical container).

Pyl Foyyl olupwe (nSike 3l3) a0 ©laypo £ gomo &
P Value F Value Mean of squares Degrees of freedom The sum of squares Source
<0.0001%** 160.12 494.93 24 11878.40 Jae
Model
<0.0001%* 3208.11 9916.09 1 9916.09 (olep Xi
Time
(Ol X2
<0.0001%* 110.73 342.25 1 342.25
Power
<0.0001%* 3112 96.19 5 48097 (sles Cabye) Xo
Position
<0.0001%* 16.22 50.14 1 50.14 XX
0.0006** 4.68 14.46 5 72.29 X1 X3
<0.0001%* 50.64 156.53 5 782.67 XoXs
0.0090** 7.05 21.78 1 21.78 X’
3.09 119 367.82 oaile-l
Residual
Ailn pos
0.3391 1.12 3.38 23 77.82
Lack of Fit
3.02 96 290.00 =
Error
143 12246.22 5
Total
0.9700 R?
0.9639 R%i
331 Sl 2
C.V.%
&l S pas ms 1Y whaw o lo grens
**: Significant at level 1%, ns: Non-significant, R%: R-Squared, R%;: Adj R-Squared
clalgial oL 3l Jaame sled i i &l o] Cawdds Joe (V) Jgus
Table 3 Model of product temperature prediction inside cylindrical container.
Position Model
P Temperature = +43.72222 -0.47778* T -0.01604* P +1.17284E-003 * T * P +3.88889E-003* T>
P, Temperature =+18.27778 +1.1333* T +0.018148 * P -9.50617E-004 * T * P +3.88889E-003 * T?
Ps Temperature = +39.51111 -0.35111 * T -0.012593* P +1.13580E-003 * T * P +3.88889E-003 * T*
Py Temperature = +40.42222 -0.38667 * T -0.010864 * P +1.08642E-003 * T * P +3.88889E-003 * T2
Ps Temperature = +33.10000 +0.59556 * T -1.72840E-003* P -1.97531E-004 * T * P +3.88889E-003 * T*
Ps Temperature = +23.82222 +0.51222* T +9.50617E-003* P +9.87654E-005 * T * P +3.88889E-003* T*

T: Time , P:Power
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Table 4 Analysis of the variance of quadratic polynomials for the response variable (cubic container)

Pyl Fol ol (nke EUIRE ST Ola yo & gomo &
P Value F Value Mean of squares Degrees of freedom The sum of squares Source
<0.0001** 223.63 898.29 13 11677.79 Joe
Model
<0.0001**  2599.70 10442.45 1 10442.45 (Bley X
Time
<0.0001%** 164.01 658.78 1 658.78 (s X
Power
0.0169 ** 2.88 11.56 5 57.81 (el Cundse) X
Position
<0.0001** 57.56 231.20 1 231.20 XX
<0.0001%** 14.32 57.51 5 287.56 X1 X3
4.02 130 522.18 XX
0.4968 ™ 0.99 3.99 34 135.52 X’
4.03 96 386.67 oailensls
Residual
143 12199.97 Sl pos
Lack of Fit
0.9572 Uas
Error
0.9529 Js
Total
3.78 R2
&l S pas ms 1Y whaw o lo girens
**: Significant at level 1%, ns: Non-significant, R?: R-Squared, R%;: Adj R-Squared
emSe Byl 5l Jeame sled i i (5l edal Cawsts Jaw (8)J9ux
Table 5. Model of product temperature prediction inside cubic container.
Candgo e
Position Model
Py Temperature= +50.59722 +0.11944 * T -0.032469 * P +8.39506E-004 * T * P
P, Temperature = +41.09722 +0.11944 * T -0.017654* P +8.39506E-00 * T * P
P; Temperature = +25.51389 +0.1194 * T +8.64198E-004 * P +8.39506E-004 * T * P
P, Temperature = +37.79167 +0.11944 * T -0.015185 * P +8.39506E-004 * T * P
Ps Temperature = +35.45833 +0.11944 * T -0.011481* P +8.39506E-004 * T * P
P Temperature = +29.81944 +0.11944 * T -5.30864E-003 * P +8.39506E-004 * T * P
T: Time , P:Power
e gimled Coxdse g 99, le Ol g g9, le Ol Tl p S gla puiito p3GYLY

o s o800 ol 1 Jogai 0 5 F laSa atilse B sly il (aie () Jpar o o gboles
P Se g lalyial B)b ey 99 ln S |y Jpame  99,Sole Ol (om0l oy (ol SIS slaslgrl
oAbl b sl e oW Slas s 5 BT oW i olg olg g waayle ol e Sl s miles oabse
30 (LA Jgaze 299,50kl imled Susdge g (B0l o) g9 ,Sole
gl CumBge A0 0 Lo mjeh SIS (pwyp Sz et 15 (F) oo sl anilioe o sime griales Codse
btz bjloged g9 Sole b (poll> Bae Jsb o plg 20l (e (bl ST JSS (a8 BB (ol wl
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Fig. 4. The effect of heating time on the product temperature for a cylindrical container at a minimum (630w) and maximum power (900w) of six

points of the product (P, P, .
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Fig. 5. The effect of heating time on the product temperature for a cubic container at a minimum (630w) and maximum power (900w) of six
points of the product (P, P, ..., Ps)
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Table 6 Optimization goals for each variables and process response.
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is in range Heating time
3 900 630 09gaze J’éb 51‘.55)5'.'.L" C)|5:
is in range Microwave power
3 P, P, PRPREIRERN zled Condge
is in range Thermometer position
3 60 55 oads oale jals edgase &l Lo

the reduced range is in
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Table 7 Optimum thermal conditions for each thermometer position (low time - high power).

gl °C) oo W)Y olg 6) oS oboy  gwled CaurBgo G,k sl

Desirability Temperature high Power low time Position Container
1.00 56.42 860 39 P,
1.00 55.44 844 43 P,
1.00 57.52 863 39 Ps slailgzl
1.00 57.28 869 40 P, Cylindrical
1.00 56.54 845 43 Ps
1.00 55.48 865 42 Pg
1.00 57.53 757 41 P,
1.00 57.50 747 39 P,
1.00 55.32 752 38 P; =S
1.00 56.41 745 40 P, Cubic
1.00 56.52 742 39 Ps
1.00 56.46 751 40 P
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Table 8 Optimum thermal conditions for each thermometer position (high time - low power).
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Desirability Temperature low power high time Position Container
1.00 57.97 749 45 P,
1.00 58.21 734 44 P,
1.00 59.79 729 45 P; Slalgnl
1.00 58.70 723 45 Py Cylindrical
1.00 59.77 734 44 Ps
1.00 59.19 723 45 Pg
1.00 59.42 632 45 P,
1.00 59.83 652 45 P,
1.00 56.61 657 45 P; L o
1.00 58.77 660 46 P, Cubic
1.00 58.54 650 45 Ps
1.00 58.06 666 47 P
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Table 9 Optimum conditions of the microwave heating process (Time, Power & Temperature).
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Temperature low power high time Temperature high Power low time
58 -60 720 -750 44 -45 55 -58 840 -870 39 -43 sl
Cylindrical
58 -60 630 -670 45 -47 55 -57 740 -760 38 -41 ol
Cubic
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Table 10 RMSE value between laboratory data and predicted by model.
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RMSE (%) RMSE (%)
900 w 630 w 900 w 630 w

3.35 1.47 0.95 1.31 P

1.05 0.86 1.25 0.87 P,

3.42 1.24 1.09 1.08 Ps

0.65 0.62 1.03 3.14 Py

1.10 293 1.04 3.18 Ps

1.03 1.20 091 0.66 Ps
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