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Objective: Design of Experiments is a useful tool for reducing the number of
experiments and, consequently, lowering costs; moreover, it provides a model that is
valid within the experimental range. Additionally, modeling is used as a method for
predicting system behavior and saving costs. The aim of this research is the modeling
of experiments conducted in a packed distillation column and the prediction of the
Height Equivalent to a Theoretical Plate (HETP).

Materials and Methods: This research is based on available experimental data for a
packed distillation column. The test materials were cyclohexane and n-heptane. The
column was packed with one-inch Pall ring packing, and the experiments were
conducted at two pressures of 0.35 bar and 1.65 bar. Among various methods, three
widely-used approaches Genetic Algorithm, Least Squares, and Design of
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Experiments were selected for modeling.

Results: The models obtained by the Genetic Algorithm and Least Squares methods,
although having different coefficients, yielded similar results. Regarding the Design
of Experiments method, analysis of variance showed that the data were not suitable
for analysis; therefore, favorable results were not obtained, because the experiments
performed had not been designed on this basis. Modeling with the three methods was
expected to produce similar results. The reason for the difference in the Design of
Experiments model was the unsuitability of the experimental data.

Conclusion: With using the models provided by the Least Squares and Genetic
Algorithm methods, the performance of the packed column can be predicted with
acceptable accuracy within the experimental range, and the HETP can be calculated
without the need for costly and time-consuming experiments. Furthermore, this study
showed that the Design of Experiments method yields reliable results only when the
data are collected from the outset according to its principles, such as randomization,
appropriate dispersion, reproducibility, etc.
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Table 1: Specifications of metal pall ring packing with 25 mm diameter

94 () S slad
Free Space
209 (MM3) 6539 pedasw
Specific Surface Area
49500 (m3) > ..\>|5 5 Slaws
No. Per Unit Volume
176 (M) asT 256
Packing Factor
Specific Weight(Stainless Steel)
2525 (mm) st
Dimensions
0.4-0.8 (mm) cezs
Thickness
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Table 2: Pressure and modified speed levels

| P |
1 0.229227 0.35

2 0.450732 1.65

2 0.663406

4 0.882008

5 1.29347

6 1.67559

7 1.78736
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Figure 2: HETP vs corrected velocity for Pall ring packing at P= 0.35 bar
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Figure 3: HETP vs corrected velocity for Pall ring packing at P= 1.65 bar
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Table 3: Data used in design of experiments

Fs[(m/s)(kg/m®)°%5] | H (m) at 0.35 bar | H (m) at 1.65 bar
0.229227 229.43 178.20
0450732 165.07 146.68
0.663406 151.48 142.75
0.882008 176.22 139,62
1.29347 169.89 130.07
1.67559 153.99 154.82
1.78736 177.09 151.61
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Table 4: Experiments designed with full factorial method based on defined levels

S, bl 4 o o |yl 45 e

StdOrder RunOrder Plabe) | Fslgla)
13 1 2 6
11 2 2 4
14 3 2 7
4 4 1 4
2 5 1 2
6 6 1 6
5 7 1 5
12 8 2 5
8 9 2 1
3 10 1 3
9 11 2 2
7 12 1 7
1 13 1 1
10 14 2 3
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Table 5: Designed experiments with responses

S lastiwl 45 oad >l a3 m)  Joles glas |
étdOrdeJ: Rungrde)r‘ Plgkw) | Folghs) I:J|ETF§ ’
13 1 2 6 154.82
11 2 2 4 139.62
14 3 2 7 151.61
4 4 1 4 176.22
2 5 1 2 165.07
6 6 1 6 153.99
5 7 1 5 169.89
12 8 2 5 130.07
8 9 2 1 178.20
3 10 1 3 151.48
9 11 2 2 146.68
7 12 1 7 177.09
1 13 1 1 229.43
10 14 2 3 142.75
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Table 6: Analysis of variance

& DF Seq SS Adj SS Adj MS F P
Source
P 1 2299.5 2299.5 2299.5 13.69 0.010
Fs 6 4463.1 4463.1 743.8 4.43 0.047
> 6 1001.7 1001.7 168.0
Error
s 13 7770.3
Total
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