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Enhancement of Flow Mixing in an Elbow Pipe via Optimization of
Blade Angles in an Open—Type Swirl Generator
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ABSTRACT

This study aims to enhance flow mixing in a 90° elbow pipe by suppressing Dean vortices through the optimization of the
inlet and outlet blade angles of an open-type swirl generator. To evaluate the resulting flow characteristics, computational fluid
dynamics (CFD) was carried out using the SST k-o turbulence model. The inlet and outlet blade angles were treated as design
variables and systematically optimized using the Surrogate Management Framework (SMF), with turbulent kinetic energy (TKE)
and pressure drop serving as the primary performance metrics. Notably, TKE exhibited substantial variation—up to 26%—
depending on the blade configuration, whereas pressure drop remained relatively stable, with a maximum variation of
approximately 4.7%. Based on this observation, the optimization process focused solely on maximizing TKE, as the variation
in pressure drop was relatively small and thus considered less critical. Additionally, the influence of the inlet and outlet angles

on TKE and pressure drop was examined to clarify their roles in flow performance.
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Table 1 Range of inlet (3) and outlet () angles of the
swirl generator blade

Bi(®) B(°)

Min. angle 56 27

Max. angle 110 75
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Table 2 Design cases and corresponding simulation results
generated by LHS

pipe domain

Sampling o o TKE Pressure
Case method Bi) B) (m%s?) drop[Pa]
1 LHS. ! 104.72 36.715 | 0.02257 2.43481
(Baseline)
2 LHS 2 67.199 69.009 | 0.01995 2.41292
3 LHS 3 82.495 49.280 | 0.02205 2.42542
Fig. 3 Computational mesh of the swirl generator and surrounding 4 LHS 4 93.572 61.603 0.02084 242741
5 LHS 5 64.299 33.073 | 0.02227 2.45627
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point 1
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