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n
➢ Turbulence introduced by swirl pipe designs

in dry powder inhalers is believed to
promote detachment and dispersion1,2,
consequently improving delivered fractions
of fine drug particles .

➢ The feasibility and performance of the swirl
pipe design in a capsule-based inhaler have
not been investigated yet.

In this study, the spiral pipe design with
different configurations is introduced into a
capsule-based inhaler to study its influence on
the drug-carrier separation and overall
aerosolization performance.

➢ Design: The swirl pipe (SW) design was incorporated into the Breezhaler®, and changes were made to the
inner diameter, thus generating three spiral channels with an inner diameter of 3 mm, 6 mm, and 9 mm,
as can be seen in Figure 1.

➢ Aerodynamic analysis by a Next-Generation Impactor (NGI)
➢ Computational analysis by ANSYS Fluent

Aerodynamic results                                                                                                      Computational results

Discussion

➢ Overall, the swirl pipe design could promote de-attachment of the API from the carrier. 

➢ Narrow swirl pipe shows better separation but lower aerosolization performance in terms of 
FPF and emitted dose.

➢ Future work will be placed on the modifications of the swirl pipe design to further improve its 
dispersion and aerosolization.
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Figure 2 The aerosolization performance including (a) drug retention in the device, (b) un-

detached drug fraction in pre-separator, (c) fine particle fraction, and (d) emitted dose

Figure 1 Illustration of 3D models of the inhalers with different swirl pipe designs

Figure 3 Contour maps of (a) airflow trajectories, (b) turbulent kinetic energy, 

and (c) wall shear in the inhalers with different swirl pipe designs

➢Mass retention of the API is remarkably high for the narrow spiral channel

➢ Narrower swirl pipe shows better API-carrier separation but lower
aerosolization performance in terms of FPF and emitted dose

➢ The narrower spiral pipe produced more swirled flow with higher
velocity, intensive turbulent value, and wall shear in the mouthpiece
when compared with straight air trajectories with relatively small
velocity in the original inhaler.

➢ The increased turbulence and velocity in the swirl pipe promote API-lactose detachment.

➢ Possible reasons for the inconsistency between aerodynamic and computational results include: (1) sudden geometric transition for the flow from a large 
circular cross-session to a constricted spiral channel; (2) strong particle-wall collision introduced by the tangential velocity; (3) the complex interaction 
among the API and carrier particles.
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