Understanding of pMDI-spacer interactions through CFD simulations
1Saurabh Sarkar, 2Maziar Kakhi, 2Prasad Peri, 1Bodhisattwa Chaudhuri

1. Department of Pharmaceutical Sciences, University of Connecticut,Storrs,CT-06269

2. US Food & Drug Administration, Silver Spring,MD-20993

	
Despite being the primary therapeutic management for asthma for over 5 decades, pMDIs are frequently associated with high throat wall impaction and breath–actuation synchronization problems presenting significant dose delivery challenges, especially to pediatric and geriatric populations. Spacers or Valved Holding Chambers are used to address these problems by decreasing the spray momentum through increased flow residence time. However, there is considerable variability of performance with different pMDI –spacer combinations.. The purpose of the current study is to develop a validated multiphase multicomponent CFD model which can characterize flow and the resulting particle metrics (surface deposition, PSD etc.) when a suspension-based pMDI (Proventil HFA) is sprayed into a spacer. Such a model can help to shorten design-to-prototype lead times through increased process insight and control leading to more optimized products. The effect of different variables like volumetric rate of coaxially flowing air (28.3 or 11LPM) , spacer geometry (Aerochamber Plus or Optichamber Advantage) and delay in starting air flow after actuation (0 or 5 sec) are investigated. Flow behavior of the spray is simulated using the phenomenological RANS k-ω model with Lagrangian tracking of the dispersed phase (independent streams of propellant, cosolvent and drug) in a 2 way coupled mode.. The simulations were done with ANSYS Fluent 14.0.

The CFD model predictions compared well with experimental velocity and particle size data for actuation into unconfined surrounds. The results for inhaler-spacer systems show an increase of drug issuing from the spacers on increasing the volumetric flow rate as observed in experimental determinations. The recirculation observed near obstructions in axial path of the spray within the spacer is determined to be critical in enhancing spray retention within the spacer. Introduction of a delay is found to trap more drug in the spacer. The MMAD of the drug that escapes the spacer is smaller than what is injected for all cases indicating deposition of coarser particles within the spacer. 


