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Abstract: Objective To study the relationship between airflow resistance of dry powder inhaler devices with different dispersion
mechanisms and the dispersion behaviors of carrier-type formulation. Methods A mixture of carrier lactose (Lactohale206®) and
micronized chlorphenamine maleate (CPM) was used as the preparation model and four inhalers (RSO1-L, RS01-M, RSO01-H,

Handihaler™) with different resistance were used as the inhalation device. The influence of the airflow resistance on the flow field
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and dispersion process of particles were collected and analyzed by Computational Fluid Dynamics (CFD), Discrete Phase Method
(DPM) and discrete element method (DEM). The next generation pharmaceutical impactor (NCI) was used to evaluate the in vitro
deposition performance of the formulation model with four inhalation devices at two flow rates at the same time. Then the in-vitro
results were compared and analyzed with the numerical simulation results. Results The CFD results showed that both the airflow
resistance and flow rate of the device had an effect on the intensity of the flow field in the device. When the volume flow rate in the
device increased, the turbulence kinetic energy of the device with similar structure RSO1-L and RS01-H concentrates on the region
of the rotating cavity and the grating, which may affect the delivery of the capsule from the device. However, the flow field
disturbance of the capsule capsule nozzle and other components of HD device was increased. The DPM results show that the
velocity of the carrier particles in the device increased with the increase of the device resistance and flow rate. For RSO1-L and
RSO1-H structures, the increase of flow rate mainly improved the velocity of the carrier in the dispersion cavity and increased the
number of collisions between the particles and the device. Although the flow rate of carrier particles in the HD device increased, the
difference of particle trajectory was not obvious. DEM results showed that the square value of airflow-particle relative velocity of L and
H device of RSO1 series was much lower than that of HD device at the same volume flow rate, the shear effect of airflow in HD device
was stronger than that of RS01 device at the same volume flow rate, and the total impact energy loss of HD device was much lower
than that of RSO1 device. The results of in vitro experiments showed that the delivery dose (DD) of L, M and H devices of RSO1
series was less affected by the volume flow. The higher the volume flow in HD device, the lower the device residue and capsule
residue, and the higher the DD. The device residual RS01 series was significantly higher than HD, and with the increase of the
volume flow rate, the device residual of L and M was significantly decreased (P < 0.05, 0.001). After the volume flow of HD device
increased, the drug residue in the preseparator was significantly decreased (P < 0.001), but the particle residue in the throat under the
inertial action was significantly increased (P < 0.001). There was no significant difference in throat deposition of RSO1 series
devices under two kinds of volume flow rates. At high flow rate, the deposition of preseparator of H device increased significantly
compared with low flow rate (P < 0.001). Under the two kinds of volume flow, the dose of fine particles (FPD) was significantly
increased with the increase of resistance of RS01 series devices (P < 0.05, 0.01, 0.001), and the median aerodynamic particle size
(MMAD) showed a downward trend with the increase of resistance. The drug dispersing capacity of RSOl series devices was
significantly increased with the increase of volume flow (P < 0.001). For HD devices, with the increase of volumetric flow, the
MMAD decreased and the dispersion increased, but the FPD did not change significantly. Based on the formulation model, the
variation trend of fine particle dose (FPD) is consistent with the relative velocity of particle-air flow, that is, with the increase of
relative velocity, the shear force of air flow increases, and FPD shows an upward trend. Conclusion Within the scope of this experiment,
the in vitro deposition performance increases significantly with the increase of device resistance, which indicates that it's a feasible way to
improve the dispersion performance by adjusting the airflow resistance of the inhalation device. When the volume flow rate is
consistent, the resistance of the device increases (usually caused by the decrease of the cross-sectional area) leads to the increases airflow
velocity and the movement speed of preparation powder particles, the collision between the particles and the device wall is also enhanced,
which advances the degree of powder dispersion and thereby improvs the drug dispersion and deposition performance.
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