
 

 

Abstract: The aim of this study was to analyze 
aerosol particle deposition in a Dry Powder Inhaler 
(DPI) Aerolizer®. Such inhalers are widely used for 
disease treatments due to easy delivery of drug to 
the patient’s lungs. Analysis was done by 
combining computation fluid dynamics (CFD), for 
simulation of fluid flow (air), with discrete phase 
model (DPM) for particles simulation. CFD analysis 
provided us with information about maximum 
velocity in the barrel (47.54 m/s) for the flow rate of 
28.3 L/min. Using DPM we obtained information 
about particle trajectories from capsule chamber 
to end of mouth piece. Based on that information 
we were able to calculate the number of particles 
transported into patient’s throat. Considering the 
used boundary conditions, emitted dose from the 
inhaler is 69% for jet milled Particles JM1. 
Knowledge obtained in this way can help us better 
understand how particles move until they reach 
the mouth and throat of patients and it can be 
used to improve performance of different types of 
inhalers. 

 
Index Terms: aerosol particle, computational 

fluid dynamics, discrete phase model, dry powder 
inhaler 

 

1. INTRODUCTION 

nhaled drug delivery as a non-invasive systemic 
route of drug administration to the respiratory 

tract is an important part of the equipment of 
clinicians caring for patients with asthma [1]. As  
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opposed to other routes of drug administration, 
the pulmonary route is accompanied by several 
unique challenges out of which the generation of 
aerosol particles in a physical form suitable for 
inhalation is the major one [1]. Jet-milling and 
spray drying have been widely used for producing 
very fine particles. Resulting from the intense 
inter-particle collisions, the outlined main 
drawback of jet milling is that the fluidized 
particles might suffer from a considerable degree 
of breakage. Because the powders produced by 
mechanical micronization demonstrated 
decreased powder dispersibility, the drug delivery 
from dry powder inhalers may be less effective 
[2]. In [1] it was stated that it is generally accepted 
rule that aerosol particles of 1-5 μm are required 
for deposition at the site for systemic absorption, 
namely, the pulmonary alveoli.  

Delivering aerosolized drugs directly into the 
lungs has the advantages of higher drug 
concentration delivered more effectively to the 
airways, and reduced systemic adverse effects 
[3]. In that sense, aerosol particles (aerosolized 
drugs) that are generated by this type of inhalers 
are defined as suspension of liquid and solid 
particles produced by an aerosol generator such 
as the small-volume nebulizer (SVN), the 
pressurized metered-dose inhaler (pMDI), or the 
dry-powder inhaler (DPI) [4]. Aerosols generated 
by dry powder inhalers (DPIs) are among the 
most promising forms to deliver therapeutic 
agents by inhalation to the lungs, as stated in [4], 
especially offering advantages such as fast 
delivery of particles to the lungs and higher 
deposition of aerosol particles within the lungs [5-
6]. Other advantages include simplification of the 
inhalation technique and help in fluctuation of the 
inhaled dose reduction as well as local and 
systemic side effects [7-10]. 

Generally, dry powder inhalers are devices 
which store the medication as fine particle 
aggregates, either as a pure drug substance or 
encapsulated in a nano- or micro-particulate 
formulation [1]. Aerolizer® as one of the DPI 
consists of a capsule dosage form containing a 
dry powder formulation intended for oral 
inhalation only with the Aerolizer inhaler. The 
Aerolizer consists of the following parts: 

1. A cap to protect the mouthpiece of the base 
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2. A base that allows the proper release of 
medicine from the capsule 

The base consists of: 
3. A mouth piece 
4. A capsule chamber 
5. A button with “winglets” (projecting side  

       pieces) and pins on each side 
6. An air inlet channel  
7. Grid structure (Fig. 1). 

 

 
Fig. 1: Parts of dry powder inhaler Aerolizer® 
 
To use the delivery system, a capsule is placed 

in the chamber of the Aerolizer inhaler and 
pierced by pressing and releasing the buttons on 
the side of the device. The formulation is 
dispersed into the air stream when the patient 
inhales rapidly and deeply through the 
mouthpiece. The aerosol particles on its way from 
the carrier to the mouth of the patient need to 
pass the grid structure, which is present in order 
for capsule to remain inside the inhaler and only 
particles can pass towards the mouthpiece [11]. 
Although different dry powder inhalation devices 
are available on the market, no single inhaler 
device possesses all the properties of an ideal 
inhaler [1]. 

The findings presented in [1] suggest that the 
deposition profile of inhalation dry powders is 
affected by two major independent factors:  

(1) patient-related factors; which can be cited 
as the anatomical and physiological aspects of 
the respiratory system as well as the inhalation 
airflow rate 

(2) physical properties of dry powders; which 
can be subdivided into (i) properties of pure drug 
and (ii) design of dry powder inhaler device [1].  

Most marketed DPIs are passive inhalers that 
employ the patient's inspiratory effort to generate 
the necessary airflow, and the associated 
turbulence, to overcome the cohesive nature of 
the respirable active pharmaceutical ingredient 
(API) and fluidize the powder bed into a 
respirable aerosol [12]. Several studies 
demonstrated the importance of particle size on 
the deposition and clinical efficacy of inhaled dry 
powder therapeutics [1]. The aerosolization 
performance of inhaled particles is also affected 
by the particle morphology, density and their 
aggregation profile. Therefore, it is commonly 

accepted to propose the aerodynamic diameter 
as a parameter to describe the diameter of 
particles moving in an air stream [1]. Coates and 
his colleagues investigated how design of DPI, 
specifically grid structure, inlet size, mouthpiece 
geometry, and mouthpiece length affect the 
Aerolizer® performance [11, 13-14]. 

In order to gain knowledge and better 
understanding of particle dispersion within the 
Aerolizer inhaler, computational fluid dynamics 
(CFD) can be used for modeling both laminar and 
turbulent flow [12]. However, CFD can only 
simulate airflow without taking particle interaction 
into consideration. For this purpose, the field of 
CFD analysis is coupled with Discrete Phase 
Modelling to allow for aerosol transport and 
deposition to be calculated in realistic three-
dimensional (3-D) models of the inhaler [15].  

This method (CFD analysis combined with 
DPM) has been used by many authors. It was 
used to better understand dispersion 
mechanisms in commercial DPIs [16], to analyze 
how device design effects aerosolization [17] and 
to investigate air flow induced detachment of 
particles [18]. CFD coupled with experimental 
powder dispersion analysis can provide an initial 
quantification of the turbulence levels and 
average particle impaction velocities. This 
information can help maximize the dispersion 
performance of a dry powder inhaler [11]. 

The construction of DPI inhaler Aerolizer also 
leads to its biggest disadvantage. DPI powders 
are commonly formulated as a mixture of 
micronized drug particles and coarse carriers and 
therefore problem with this type of devices is that 
less than 30% of a dose reaches the lungs [6]. 
Therefore, the motivation of analyzing Aerolizer 
inhaler is to simulate the flow of particles carried 
by air during inhalation and determine the weak 
points in construction of the inhaler with the 
possibility of shape and dimensions change in 
order to optimize and maximize efficiency of drug 
delivery to the lungs. 

2. MATERIALS AND METHODS 

The first step in simulating powder dispersion in 
a commercial inhaler Aerolizer® was to create 3D 
model of inhaler using commercial software for 
computer aided design. The geometry and 
dimensions were obtained by taking detailed 
measurements from the marketed device using a 
micrometer. Simplifications on the model included 
chamfered and curved edges in areas where 
those modifications would not have any effect on 
the process of inhalation. Only fluid domain was 
taken into account when simulating air flow with 
particles. This fluid domain given in Fig. 2 was 
exported as .stp file that was later used for mesh 
creation and for defining boundary conditions. 

 



 

 
Fig. 2: Fluid domain geometrical model   

 
Unstructured (tetrahedral) mesh was used and, 

after that, the tetrahedral cells were converted to 
polyhedral cells to reduce the skewness of the 
overall cell count. The model included 1 180 254 
elements and 223 138 nodes (commercial 
software Ansys 16.0 was used to mesh the 
model) (Fig. 3). 

 

 
Fig. 3: Fluid domain mesh – isometric view 

 
Special attention was paid to the wall area and 

grid structure area, making refinements in those 
areas in order to obtain better results, since the 
tracked aerosol particles have the micrometer 
(µm) diameter order of magnitude. This was done 
by controlling Edge Sizing on the edges and then 
using Bias function in order to simulate finer 
mesh on the outside and coarser mesh towards 
inside the mouthpiece, carrier and chamber. A 
detail of the finer mesh on the walls and in the 
grid area is given in Fig. 4. 

 

 
Fig. 4: Fluid domain mesh – isometric view   
 
The commercial CFD software ANSYS Fluent 

was used to simulate fluid flow. The model used 
to describe the flow inside the inhaler during 
inhalation is standard k-ω turbulent model [19]. 
Standard k-ω model with low Reynolds number 
(LRN) was adopted for the turbulent flow of air as 
fluid. This model has shown good accuracy when 
combined with high efficiency in comparison to 
complex methods, such as large eddy simulation 
(LES) [15]. The LRN k-ω model can be used for 
accurate prediction of pressure drop, velocity 
profiles, and shear stress for transitional and 
turbulent flows [20]. All transport equations were 
discretized to be at least second order accuracy 
in space. A Second-Order Upwind scheme was 
used to discretize the pressure equations, and a 
Quadratic Upwind Interpolation for Convection 
Kinetics scheme was used to discretize the 
momentum and turbulence equations [21]. The 
numerical equations were converged to a steady-
state solution. 

Rosin-rammler logarithmic diameter distribution 
of inert particles, injected using face normal 
direction, was used as input for Fluent's Discrete 
Phase Model. It was assumed that particles 
behave in such way that in contact with the wall 
they stay “trapped“ and the particles that reach 
the outlet surface “escape“ the device domain. In 
that way, it could be calculated how many 
particles were set at the beginning of the 
calculation and how many particles got out of the 
device. It was shown that the gravity has the 
insignificant impact due to small aerosol diameter 
sizes and short residence time in the inhaler itself 
[22]. Particles without capsule were placed at the 
bottom of the chamber (real situation is that 
capsule that contains particles is placed at the 
bottom of the capsule chamber at the beginning 
of inhalation process).  

Boundary conditions for this simulation included 
velocity at the two inlets and pressure outlet 
(underpressure to simulate suction effect that 
causes the inhalation process). The normalized 
Reynolds stress residuals in the range of 10e−4 
were applied as the convergence criteria to 
ensure full convergence. Inlet velocity of 
11,79166 m/s was calculated from the flow rate of 
28,3 l/min [23]. Particle mass at the beginning 



 

was 20mg [23]. Diameter size distribution for 
particles was obtained based on [23] for JM1 (JM 
stands for jet-milled particles). For density of 
particles we used value of 1.67 g/cm

3
 [23]. 

3. RESULTS AND DISCUSSION 

Simulated air flow though inhaler Aerolizer 
shows that the highest velocity of air was, as 
expected, in the grid area with maximum velocity 
of 47.54 m/s (Fig. 5). These results are in 
correspondence with literature, since Tong and 
his colleagues [16] showed that maximum 
velocity is 45 m/s. 

Air flow pattern in the inhaler is complex, due to 
the swirling motion inside the capsule chamber 
that the incoming flow generates. Grid structure 
suppresses the turbulence in the barrel and 
reduces the swirl that was generated in the 
capsule chamber. 
 

 
Fig. 5: Distribution of velocity (left: inhaler 

Aerolizer; right up: outlet; right down: grid area) 
 

Further simulations led to Discrete Phase 
Modelling, where the destiny of 200 particles was 
determined. It can be seen that particles mostly 
get “trapped“ inside the chamber area because of 
the swirl flow. This happens after a very short 
period of time, showing that the residency time in 
this area is short as it can be seen from Figure 6. 
From the same figure, it can also be seen that the 
swirl flow is dominant in the area below 
mouthpiece and grid area, where capsule is 
placed. These results are similar to the results 
obtained by [24]. 

 

 
Fig. 6: Particle residency time (in seconds) 

 
Out of 200 particles, 138 particles came out of 

the mouthpiece, showing that the efficiency of the 
inhaler is 69%. The results obtained are in 
correspondence with the results obtained by [23] 
where they showed that the emitted dose for JM1 
particles was 68.15 ± 1.58%.  

Fig. 7 shows the future of 20 particles. Particles 
are concentrated in the middle of the mouthpiece 
on the outlet. 

 

 
Fig. 7: Particle tracking from the beginning of 

the simulation to the outlet 
 
The presence of the grid was found to 

straighten the airflow exiting the device. Since the 
presence of a capsule was not modelled, this will 
be the place of interest in the future. However, 



 

since presented results showed good match with 
results obtained by [23], it would be interesting to 
repeat the simulations with other types of jet-
milled as well as spray dried particles. 

4. CONCLUSION 

The particle dispersion in a dry powder inhaler 
was simulated by a CFD-DPM model. The 
analysis of the flow field using CFD analysis has 
provided information about air velocity during the 
inhalation process. Based on this flow field, we 
were able to determine how aerosol drug particles 
are progressing through the Aerolizer

®
 inhaler 

(from the capsule chamber until the end of the 
barrel) as well as the number of particles that 
enters patient’s throat. Results presented here 
are obtained with simplification that included 
particles that were only placed at the bottom of 
the chamber area and did not include the capsule 
itself. Future work will include new simulations 
with inhaler where particles will be inside of a 
capsule and then those results will be used as 
input in the analysis that would include particle 
tracking inside patient’s lungs. This methodology 
can be applied to other inhalers in order to better 
understand their performance. 
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