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Abstract
Static mixers are applied for increasing the mixing in chemical Received: 6 February 2021
reactors as well as for increasing the heat transfer coefficient in Accepted: 13 June 2021

heat exchangers. In the study, fluid flow characteristics in tubes P VTR 0

equipped with modified static mixers with different geometric
parameters were investigated by computational fluid dynamics.
The classic twisted tape, perforated twisted tape, and V-Cut twisted
tape were evaluated for Reynolds numbers between of 3000 to
19000. The fluid flow and pressure drop for the mixers were
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Comparison of Hydrodynamic Performance of three

investigated. The validated simulation results were employed to Keywords:
train the artificial neural network model. Reynolds number and St"f‘“_c Mixers,
geometric parameters of the mixers were used as input variables of Friction Factor,
the neural network for predicting the friction factor. The model Twisted Tape,

Computational Fluid Dynamics,

accuracy for estimating the friction factor was investigated and o
Artificial Neural Network

a relative error of less than 1% was obtained. The main relative
errors for all data in classical, V-Cut, and perforated twisted tape
were 0.75%, 0.57%, and 0.52%, respectively, and for validation
data were 1.1%, 0.92%, and 0.62%. 30% of the data were
randomly selected for the neural network to prove the model
validity.
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Figure 1. Dimensions of the classical twisted tape.
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Figure 2. Classical twisted tapes with different pitches in the ratio of 0.8.
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Figure 3. Dimensions of the perforated twisted tape.
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Figure 4. Perforated twisted tapes with the ratio of 1.5 and different cavity diameters.
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Figure 5. Dimensions of the V-Cut twisted tape.
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Figure 6. Ratio of different cutting widths of V-Cut twisted tape with constant depth ratio of 0.5.
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Figure 7. Mesh of the classic, perforated, and V-Cut twisted tape mixer.
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Figure 8. Mesh independency.
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Figure 9. Comparison of modeling results and Blasius equation.
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Figure 11. Friction factor versus Reynolds numbers in static mixers (a) Classical twisted tapes,
(b) Perforated twisted tapes, (¢c) V-Cut twisted tapes.
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Tabel 1. The weights and biases for prediction of friction factor in the classical twisted tape..

b, =6.3366

Neuron

1 0.4777 -11.1918 7.6394 8.1807 -0.3654
2 5.4787 -0.8291 3.3943 -5.2960 -0.0234
S 6.3372 -0.9298 0.3997 3.5919 -6.5584
4 2.5582 18.3314 -8.2748 -7.3389 0.115163
5 3.5413 -11.8934 -2.9430 4.3236 -0.0686
6 8.58 10.45 2.23 3.1786 0.6790
7 -1.2239 7.0599 -9.6880 5.0286 0.0165
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Tabel 2. The weights and biases for prediction of friction factor in the perforated twisted tape.

b,=2.9605
Neuron
1 3.4058 0.2830 -12.7370 12.6849 1.1502
2 -0.1038 -11.2262 -2.9525 3.5909 -0.0295
3 -0.1473 0.1093 -16.4832 2.0735 0.0402
4 5.6340 1.5674 -1.4690 -4.6127 -0.10813
5 3.9665 0.2206 -7.5312 7.3963 -1.4119
6 2.80 -10.95 -2.69 8.2076 -0.0341
7 7.7357 -0.2333 0.2480 1.0315 -2.5825
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Tabel 3. The weights and biases for prediction of friction factor in the V-Cut twisted tape.

b=0.7918

Neuron

1 4.5514 -7.5972 3.0895 -8.6540 -0.0274
2 -0.4320 6.4814 -2.6838 3.1290 -0.0280
3 13.6043 0.2568 0.0418 -4.9882 -0.1524
4 -0.8201 0.8928 -0.1996 -0.3774 0.782451
5 -2.2747 5.9747 7.5137 -1.1747 0.0148
6 15.23 -0.25 0.01 -0.4157 -0.7605
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Tabel 4. Neural network error for training and evaluation data.

Training
Classic Testing 24
Overall 81
Training 133
Perforated Testing 56
Overall 189
Training 57
V-cut Testing 24
Overall 81

0.604 6.44x10”7 3.67x10° 0.99998
1.099 5.34x10® 1.28x10* 0.99986
0.751 2.04%107 1.65x10* 0.99994
0.474 2.82x107 3.75x10™ 0.99994
0.625 7.21x107 4.04x10™ 0.99968
0.519 4.12x107 7.78x10* 0.99992
0.423 2.24x107 1.28x10™ 0.99997
0.921 9.32x107 2.24x10* 0.99985
0.570 4.34x107 3.51x10* 0.99994
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