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Purpose. To study the fundamental effects of the spinning capsule on the overall performance of a dry

powder inhaler (Aerolizer\).

Methods. The capsule motion was visualized using high-speed photography. Computational fluid

dynamics (CFD) analysis was performed to determine the flowfield generated in the device with and

without the presence of different sized capsules at 60 l minj1. The inhaler dispersion performance was

measured with mannitol powder using a multistage liquid impinger at the same flowrate.

Results. The capsule size (3, 4, and 5) was found to make no significant difference to the device flowfield,

the particle-device impaction frequency, or the dispersion performance of the inhaler. Reducing the

capsule size reduced only the capsule retention by 4%. In contrast, without the presence of the spinning

capsule, turbulence levels were increased by 65%, FPFEm (wt% particles e 6.8 mm in the aerosol

referenced against the amount of powder emitted from the device) increased from 59% to 65%, while

particle-mouthpiece impaction decreased by 2.5 times. When the powder was dispersed from within

compared to from outside the spinning capsule containing four 0.6 mm holes at each end, the FPFEm

was increased significantly from 59% to 76%, and the throat retention was dropped from 14% to 6%.

Conclusions. The presence, but not the size, of a capsule has significant effects on the inhaler

performance. The results suggested that impaction between the particles and the spinning capsule does

not play a major role in powder dispersion. However, the capsule can provide additional strong mecha-

nisms of deagglomeration dependent on the size of the capsule hole.

KEY WORDS: CFD; computational fluid dynamics; DPI; dry powder aerosols; inhalation drug
delivery.

INTRODUCTION

Many attempts have been made in the past decade to
optimize the delivery of drug particles to the lung (1Y5). This
has led to a rapid development with many inventions of dry
powder aerosol delivery systems (6). Although it is well-
known that the performance of a powder aerosol delivery
system depends not only on the powder formulation but also
the inhalerdevice(7), fundamental studies on how the powder
interacts with the device during dispersion are scarce (8,9).
Recently, we have demonstrated that small variations in the
device design can produce significant performance variations
in a dry powder inhaler such as the Aerolizer\ (10).

There are currently a large number of dry powder
inhalers that use a capsule to store and dispense the drug
formulation. However there is little published data examin-

ing the fundamental mechanisms of deagglomeration in-
volved when powder is dispersed from within a capsule.
Upon inhalation, the flowfield generated within a dry powder
inhaler such as the Aerolizer\ acts to rotate the capsule at
high speed. This ejects powder contained in the capsule
through the capsule holes into the surrounding flowfield. It is
believed that break-up could occur through a number of
capsule induced deagglomeration mechanisms: 1) Powder
agglomerates could impact with the internal walls of the
capsule, prior to ejection, as it rotates; 2) Forcing powder
agglomerates through the small holes in the capsule could
cause large agglomerates to break-up, preventing slugs of
powder from exiting the capsule; 3) High speed impactions
with the surrounding walls of the device could occur as the
particles are ejected from the capsule, and 4) The spinning
capsule could act as a rotor to deagglomerate ejected particles
through mechanical impaction with the external walls of the
capsule. Furthermore, it is believed that the flowfield
generated in the device with different capsule sizes could
vary significantly, potentially affecting the powder dispersion.

The aim of this study is to examine the role the capsule
has on the overall performance of the inhaler. Specifically,
how the size and the presence of the spinning capsule affects
the flowfield generated in the device and how the flowfield
variations affect the powder dispersion. Furthermore, the
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performance difference between loading powder inside
compared with outside the capsule is examined.

MATERIALS AND METHODS

This work consists of three individual studies, each
performed to provide a better understanding of how the
spinning capsule affects the overall performance of an
Aerolizer\ (Plastiape S.p.A.). High-speed photography
analysis was carried out to visualize the motion of different
sized capsules as they rotated within the device. Once the
motion of the capsule was known, computational fluid
dynamics (CFD) analysis, using ANSYS CFX5.7 (11), was
performed to determine the nature of the flowfield generated
in the device at a flow rate of 60 l minj1. For each case, the
performance of the inhaler was determined experimentally
using a multistage liquid impinger (see BDispersion
Methodology^).

The first study was carried out to determine the effect of
the capsule size on the overall performance of the inhaler.
CFD analysis was performed to simulate the flowfield
generated in the device with the presence of a standard size
three, size four and size five spinning capsule. The dimen-
sions of the different size capsules are summarized in Table I.
The performance of the device was determined by loading
powder directly into the capsules, followed by dispersion.
The 4-pin piercing mechanism currently employed in the
Aerolizer\ is unable to pierce the size 5 capsule. Therefore, a
drill press was used to produce a 1.0 mm hole in each capsule
prior to powder loading. To aid future discussion of the
results, this dispersion method will be referred to as PIC1.0

(powder loaded inside the capsule with a single 1.0-mm hole).
The second study was performed to determine the effect

the presence of the capsule had on the overall inhaler
performance. Additional CFD analysis was performed to
determine the nature of the flowfield generated in the device
without the presence of a spinning capsule. In order to
determine the performance of the inhaler without a capsule,
dispersion analysis was undertaken by loading powder
directly into the device onto the surface adjacent to the
spinning capsule, shown in Fig. 1. Dispersions were then
carried out with an empty size three, size four and size five
capsule present in the device and also without the presence of
a capsule. To aid future discussion of the results, these
dispersion methods will be referred to as POC (powder
loaded outside the capsule with an empty capsule present)
and PONC (powder loaded outside the capsule with no
capsule present), respectively. This study could also deter-
mine the effect of the capsule acting as a rotor to cause
deagglomeration by mechanical impaction.

The third study involved comparing the performance of
the device in dispersion method POC with that of dispersion
method PIC1.0 for the size three capsule. Loading powder
outside the capsule eliminates the possibility of particle
break-up caused by deagglomeration mechanisms (1) to (3)
in Introduction (collectively referred to as initial capsule
deagglomeration). Therefore comparing dispersion method
POC with dispersion method PIC1.0 allows a determination
of how particle deagglomeration and subsequent inhaler
performance are affected by initial capsule deagglomeration.
To determine whether the size of the capsule hole affects the
device performance, additional dispersion analysis was per-
formed with powder loaded directly into a size three capsule
that had been pierced using the 4-pin piercing mechanism
currently employed in the Aerolizer\. This loading method
will be referred to as PIC40.6 (powder loaded into the capsule
with four 0.6 mm holes). A summary of the nomenclature
used for the dispersion methods is shown in Table II.

High-Speed Photography

The motion of the capsule as it spun within the device
was visualized using a high-speed Phantom v4.0, CMOS
video camera (Vision Solutions, Wayne, NJ, USA), capable
of capturing 1000 frames per second. The visualization
techniques were used to gain a better understanding of the
general motion of the rotating capsule and also to determine
the capsule angular velocity. The motion of a size three, size

Table I. Summary of Dimensions and Angular Velocity of the

Different Size Capsules Used in the Study

Length

(mm)

Diameter

(mm)

Angular velocity

(rpm)

Size 3 capsule 15.9 5.8 2850

Size 4 capsule 14.3 5.3 2750

Size 5 capsule 11.3 4.8 2550

Fig. 1. The surface (blackened region) onto which powder was

loaded in dispersion methods POC and PONC.

Table II. Summary of the Different Dispersion Methods Employed

in the Study

Description

PIC1.0 Powder loaded into the capsule with a single 1.0 mm hole

POC Powder loaded directly into the device and dispersed

with the presence of an empty capsule

PONC Powder loaded directly into the device and dispersed

without the presence of a capsule

PIC40.6 Powder loaded into the capsule pierced with the 4-pin

mechanism employed in the Aerolizer\
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four and size five capsule was studied at a device flow rate of
60 l minj1.

In each case, the motion of the spinning capsule within the
device was found to be largely regular. However, occasional
fluctuations in the motion of the capsule were observed,
leading to large variations in the axis of rotation (Fig. 2a), as
well as variations to the position of the spinning capsule, with
the centre point of rotation continually changing (Fig. 2b).

The angular velocity of the capsule was determined by
averaging the time taken for each complete capsule revolu-
tion over 1000 frames of data. Two sets of data were used to
determine the average angular velocity for each capsule size
(Table I). Observations throughout the high-speed photog-
raphy showed that the capsule frequently collides with the

walls of the device as it rotates. This increases the time
period between each complete revolution, reducing the
average rotational velocity. A greater number of collisions
was observed with the size five capsule, giving rise to the
reduced angular velocity.

Computational Methodology

The flowfield generated in the device with and without
the presence of the capsule was obtained by solving the
Reynolds Averaged Navier Stokes equations together with
the SST (Shear Stress Transport) turbulence model (12) and
scalable wall functions using the commercial CFD code

Fig. 2. Still images from the high-speed photography analysis showing (a) the capsule does not spin on a

fixed axis of rotation and (b) the variation in the relative position of the capsule as it rotates.
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ANSYS CFX 5.7 (11), as described in Coates et al. (10). Due
to the difficulty in modeling the irregular motion of the
spinning capsule, a simplified model using a fixed axis of
rotation, fixed centre point of rotation and a constant angular
velocity was employed. The motion of the capsule was
modeled using a cylindrical rotating domain having a
computational mesh size of 0.4 mm, in which the different
sized capsules were housed. The capsule rotation was
simulated in a rotating reference frame with the flow in the
main body of the device being solved in a stationary frame.
The two flow domains were linked via a transient rotor stator
model that maps quantities across the unmatched grid
interface in a consistent manner (11).

The flowfield generated in the device with and without the
presence of the capsule was found to exhibit a small degree of
unsteadiness in all cases. Therefore a steady state simulation
was run first in order to obtain the basic flowfield, and then a
transient simulation was restarted from this initial solution,
and run for a period of around 0.1 s, in order to resolve the
unsteady motion. Typically a timestep of 0.0005 s was used and
the equations were solved to a normalized residual of 1� 10j5

at each timestep. It was observed that the transient motion
resulted from a slight precession of the flow around the axis of
the device. The results at the end of the simulation were takenas
representing a typical snapshot of the flowfield.

Lagrangian particle tracking was performed as a post-
processing operation, in which the fate of 1000 particles with
a density of 1520 kg mj3 (13) and particle diameter of 3.2 mm
were tracked through the fluid after release from the capsule
region and subjected to drag and turbulent dispersion forces.
Realistic requirements limit the number of particles that can
be simulated to less than 10,000. Previous studies have shown
that no significant difference in the frequency of impactions
was observed with a ten-fold increase in the number of
simulated particles (10), giving confidence in the particle
impaction data obtained for the dispersion of 1000 particles.
By separately releasing particles from the capsule and the
base of the inhaler and by setting the different walls within
the device to have a zero coefficient of restitution, it was
possible to determine the frequency and location of wall
impactions for the different dispersion methods. The scope of
this current study does not allow a determination of the
number of particle-capsule impactions as the capsule rotates.

As a simplified model has been employed to simulate
the rotation of the capsule within the device, the computa-
tional results provided in this study are not intended to be
treated purely quantitatively, but rather to illustrate the
significant trends in the nature of the flowfield observed with
and without the presence of different sized capsules.

Dispersion Methodology

The dispersion performance of the inhaler was deter-
mined using a 4-stage (plus filter) liquid impinger (Copley,
Nottinghamshire, UK) setup as described in the BP (14). For
dispersion method PIC1.0 and PIC40.6, spray-dried mannitol
(particle size d50 = 3.2 mm, span 1.3) was filled into the
different sized hard gelatin capsules and dispersed into the
impinger. For capsule sizes three and four, three capsules
were filled with approximately 20 mg of mannitol and for the
size five capsule, four capsules were filled with approximately

15 mg, to prevent overfilling. For dispersion methods POC
and PONC, approximately 20 mg of the same mannitol
powder was loaded onto the appropriate region of the device
(Fig. 1) using a spatula. Care was taken when placing the
empty capsule into the device in dispersion method POC to
prevent powder from falling into the capsule reservoir.

For each case, the impinger was run at 60 l minj1 for a
total of 4 seconds using a timed valve. The runs were
performed in triplicate to obtain mean values. Mannitol was
assayed by high performance liquid chromatography (HPLC)
(Waters, Milford, USA) using refractive index detection.
Centrifuged samples (100 ml) were injected into a C18 radial-
pak column with de-ionized water as the mobile phase
running at a flow rate of 1 ml minj1 for 10 min. A calib-
ration curve was constructed using standard solutions of
mannitol which allowed the mass of powder deposited on
each stage of the impinger and the fine particle fraction to be
determined.

In this study, the fine particle fraction was defined as
the mass fraction of particles smaller than 6.8 mm, as this was
the cut off for stage 2 at 60 l minj1. Numerically, the fine
particle fraction was expressed as the percentage of powder
collected on stages 3, 4 and the filter, referenced against

Fig. 3. (a) Effect of the capsule size on %FPF loaded and emitted.

(b) Effect of the capsule size on %mass deposited on individual

locations. *All differences in the capsule retention were statistically

significant (p < 0.05).
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either the total mass of powder loaded into (FPFLoaded), or
the total mass of powder emitted from (FPFEm), the device.
The percentage recovery throughout the dispersion analysis
was 100 T 4%. Analysis of variance (ANOVA) tests were
carried out with a probability of less than 0.05 considered
statistically significant (Minitab 13). Throughout the dis-
persion analysis, the temperature and relative humidity of
the laboratory were maintained at 22 T 2-C and 25 T 10%,
respectively.

RESULTS

Aerosol Characterization Results

Capsule Size Effects

The experimental powder dispersions showed that no
statistically significant difference in both the values of the
FPFLoaded and the FPFEm was observed as the size of the
capsule was reduced. Reducing the size of the capsule led to

a slight increase in the FPFLoaded, from 43.7% for the size
three capsule to 46.6% and 47.3% for the size four and size
five capsules, respectively (Fig. 3a). No trend in the values of
the FPFEm was observed for the different capsule sizes.
Reducing the size of the capsule also reduced the amount of
powder retained in the capsule after dispersion (Fig. 3b).

Capsule Presence Effects

When powder was loaded directly into the device with
an empty capsule present (POC), no significant difference in
the performance of the inhaler was observed as the size of
the capsule was reduced. Values of the FPFLoaded and the
FPFEm were found to be 46.0 T 1.8% and 58.3 T 1.3%,
respectively, for the three capsule sizes (Fig. 4a). Without the
presence of a capsule (PONC) a slight but statistically
significant difference in the values of both the FPFLoaded

and the FPFEm was observed, with the FPFLoaded and the
FPFEm increasing to 50.5% and 64.9%, respectively (Fig. 4a).
No significant difference in the amount of capsule, device
and throat retention was observed between dispersion
methods POC and PONC (Fig. 4b).

Fig. 5. (a) Effect of the initial capsule deagglomeration on %FPF

loaded and emitted. All differences were statistically significant

except the %FPF loaded between POC and PIC1.0. (b) Effect of the

initial capsule deagglomeration on %mass deposited on individual

locations.

Fig. 4. (a) Effect of the presence of the spinning capsule on %FPF

loaded and emitted. **For both the %FPF loaded and emitted, the

differences between no capsule and all other cases were statistically

significant (p < 0.05). (b) Effect of the presence of the spinning

capsule on %mass deposited on individual locations.
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Initial Capsule Deagglomeration Effects

The experimental dispersions performed to determine
the effect of initial capsule deagglomeration showed no signif-
icant difference in the FPFLoaded between dispersion methods
POC and PIC1.0. A significant difference in the FPFEm was
observed, increasing from 58.5% for POC to 64.5% for PIC1.0

(Fig. 5a). For dispersion method PIC40.6, the FPFLoaded and
FPFEm were significantly increased to 54.9% and 76.3%,
respectively. The amount of powder retained in the throat of
the impinger was found to reduce from 13.9% for dispersion
method POC, to 10.4% and 5.7% for dispersion methods
PIC1.0 and PIC40.6, respectively (Fig. 5b).

CFD Results

Capsule Size Effects

Figure 6 shows that although small differences in the
flowfield generated in the region adjacent to the spinning
capsule were observed, the inherent nature of the flowfield
generated in the device was the same for all three capsule
sizes. Reducing the capsule size slightly increased the overall
levels of turbulence generated in the device, with values of
the volume averaged turbulence kinetic energy increasing
from 5.9 J kgj1 for the size three capsule to 6.4 J kgj1 and 6.6
J kgj1 for the size four and five capsules, respectively
(Fig. 7). No significant difference in the integral scale strain
rate profiles at a position of 2 mm upstream of the grid was
observed as the size of the capsule was reduced (Fig. 8) and

no difference in the integral length scale of the turbulence
was found. The particle impaction data showed no significant
difference in the number of particle-grid, particle-mouthpiece
and particle-inhaler base impactions as the size of the capsule
was reduced (Table III).

Capsule Presence Effects

Figure 6d shows that the flowfield generated in the
device changes significantly when no capsule is present. A
highly turbulent region is generated in the base of the inhaler
with the volume averaged turbulence kinetic energy increas-
ing to 11.1 J kgj1 (Fig. 7d). No significant difference in the
integral length scale and the integral scale strain rate profiles
2 mm upstream from the grid were observed without a
capsule present (Fig. 8d).

No difference in the number of particle-grid and
particle-inhaler base impactions was observed with and
without the capsule present (Table III). However, with no
capsule present, a significant decrease in the number of
particle-mouthpiece impactions was observed, indicating that
the difference in the flowfield caused by the presence of the
capsule affects the amount of particle-mouthpiece contact.

Initial Capsule Deagglomeration Effects

The computational model used throughout this study is
unable to determine if any difference in the flowfield
generated in the device containing a filled and an empty
capsule occurs. However, as no difference in the flow

Fig. 6. Velocity profiles indicating that the flowfield generated in the device is slightly affected by the

size of the capsule (aYc) but significantly affected by the absence of the spinning capsule (d).
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development profiles in the inhaler (i.e., change in flow rate
with time) was observed (Fig. 9), it can be reasonably
assumed that any variations in the device flowfield will be
minor and are unlikely to have a significant effect on the
performance of the inhaler between POC and PIC. With a
capsule present, no significant difference in the number of
particle-grid, particle-mouthpiece and particle-inhaler base
impactions was observed when the particles were dispersed
from the capsule (PIC) compared with dispersion from the
base of the inhaler (POC) (Table III).

DISCUSSION

Capsule Size Effects

This study showed that reducing the size of the capsule
had an insignificant effect on the overall performance of the
inhaler. Reducing the size of the capsule slightly increased the
overall levels of turbulence generated in the device. When
estimating the potential of a turbulent flow to break-up powder
agglomerates, the integral length scales of the turbulence also
needs to be studied as these energetic eddies have a strong
potential to break-up agglomerates (15). No significant dif-
ference in the integral scale strain rate at a position 2 mm
above the grid (Fig. 8) or the integral length scale of the
turbulence was observed as size of the capsule was reduced.

Since no significant trend in the number of particle
impactions was observed as the size of the capsule was
reduced (Table III), the similarity in the inhaler performance
observed experimentally suggests that the small increase in
the deagglomeration potential of the flowfield caused by the
generation of slightly greater levels of turbulence was not
sufficient to have a significant effect on the overall perfor-
mance of the inhaler. The reduction in the amount of powder
retained in the capsule after dispersion accounted for the
slight increase in the FPFLoaded.

Capsule Presence Effects

The presence of the spinning capsule had a greater effect
on the overall performance of the Aerolizer\ than the size of
the capsule. Higher levels of turbulence were generated
without the capsule present, increasing the deagglomeration
potential of the flowfield. Varying the size of the capsule
varied the overall levels of turbulence generated in the device
by less than 15%. In contrast, without the presence of the
capsule, the overall levels of turbulence were increased by
65% which was shown as sufficient to have a significant effect
on the overall performance of the inhaler. The increase in the
performance of the inhaler without the presence of the
capsule also suggests that the small difference in the number

Fig. 7. Turbulence kinetic energy profiles indicating the level of turbulence generated in the device is

slightly increased as the size of the capsule is reduced (aYc) but significantly increased without a capsule

present (d).
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of particle-mouthpiece impactions (Table III) played an
insignificant role on the overall performance of the inhaler.

The results further showed that the break-up of powder
caused by particle contact with the high speed rotating capsule

is a weak mechanism for deagglomeration. The present study
is not capable of showing the frequency of particle-capsule
impactions as the capsule rotates, therefore no quantitative
analysis can be made. However, the significant increase in the

Table III. Summary of the Percentage of Particles Impacting on the

Different Sections of the Aerolizer\ When the Computational Model

Was Used to Simulate the Dispersion of 1000 Drug Particles

% Particle impacting on

different sections of the Aerolizer\

Grid Mouthpiece

Inhaler

base

Powder dispersed from inside the capsule (PIC)

Size three 77 50 57

Size four 75 52 62

Size five 74 54 64

Powder dispersed from base of the device with an empty capsule

present (POC)

Size three 77 53 54

Size four 72 55 64

Size five 73 54 66

Powder dispersed from base of the device with no capsule present

(PONC)

No capsule 62 22 67

Fig. 9. Flow profiles generated in the Aerolizer\ with the presence

of an empty capsule compared with a filled capsule. The data were

obtained by an oscilloscope (Agilent) coupled with a short response

flow meter (TSI Inc.).

Fig. 8. Integral scale strain rate profiles indicating the integral scale turbulence generated at a position

2-mm above the grid is unaffected by the size and the presence of the spinning capsule.
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performance of the inhaler without the presence of the capsule
indicates that particle-capsule impactions have an insignificant
effect on the overall performance of the inhaler relative to the
increased turbulence levels.

Initial Capsule Deagglomeration Effects

This study demonstrated that the initial capsule deag-
glomeration can strongly affect the overall performance of the
inhaler, with the effects being dependent on the size of the
capsule hole. The latter was also found by Chew and Chan
(16), but the current study provides further insights into the
mechanism.

The similarity in the flow development profiles (Fig. 9)
and the number of particle-device impactions (Table III)
suggests that the increase in the FPFEm observed experimen-
tally in dispersion methods PIC1.0 and PIC40.6 compared with
dispersion method POC was not caused by particle interac-
tion with the flowfield or by particle-device impactions, but
rather by the initial capsule deagglomeration produced by
dispersing powder from within the capsule. The reduced
amount of capsule retention for dispersion method POC
(Fig. 5b) prevents any difference in the FPFLoaded being
observed between dispersion methods POC and PIC1.0. The
reducing trend in the throat retention for dispersion methods
PIC1.0 and PIC40.6 compared to POC (Fig. 5b) also reflects
the increasing performance of the inhaler which resulted in
the release of a lesser amount of large particles to impact on
the impinger throat.

The scope of this study does not allow us to determine
exactly which mechanism of the initial capsule deagglomera-
tion has the strongest affect on the overall performance of
the inhaler. However since there was no difference in the
number of particle-inhaler base impactions between disper-
sion methods PIC1.0 and PIC40.6 (Table III) and assuming
that particle impaction with the internal walls of the capsule
is independent of the capsule hole size, the significant
increase in the inhaler performance using the smaller capsule
hole size in dispersion method PIC40.6 compared with PIC1.0

indicates that the break-up mechanism produced by forcing
powder agglomerates through the capsule holes plays an im-
portant role on the powder dispersion.

The total area of the capsule hole(s) for dispersion
methods PIC40.6 and PIC1.0 were calculated to be 0.36p and
0.25p mm2, respectively. Additional dispersion analysis
performed using a size 3 capsule with a 1.5 mm hole (area
0.56p mm2) produced an FPFLoaded of 40.0% and an FPFEm

of 59.5% (compared with 43.7% and 64.5% for PIC1.0 and
54.9% and 76.3% for PIC40.6), indicating that the initial
capsule deagglomeration effects are not correlated with the
total area of the capsule hole(s). Examining the time taken
for powder to empty out of the capsule, measured using a
laser photometer as described in Chew et al. (16) and Clark
and Bailey (17), showed that increasing the size of the
capsule hole significantly reduced the capsule emptying time.
For PIC40.6, the capsule emptying time was 2.9 T 0.1 s,
compared with 1.3 T 0.2 s and 0.8 T 0.05 s for PIC1.0 and
PIC1.5, respectively (n = 3). The capsule emptying time is an
important factor to consider if it is less than or comparable
with the time taken to reach the full flow rate in the device,
as this could cause a large fraction of powder to exit the

device before the maximum levels of turbulence are
generated. However, as the capsule emptying times were sig-
nificantly greater than the flow development time (approx-
imately 0.06 s) (Fig. 9), the difference in the emptying times
is unlikely to affect the overall performance of the inhaler.

CONCLUSIONS

This study showed that the size of the capsule used to
disperse powder in an Aerolizer\ has an insignificant effect
on the overall performance of the inhaler. Reducing the size
of the capsule led to a small increase in the overall levels of
turbulence generated in the device, but this was not sufficient
to affect the powder dispersion. A smaller amount of capsule
retention was observed as the size of the capsule was
reduced.

When powder was loaded directly into the device onto
the surface adjacent to the spinning capsule, the presence of
the capsule was found to actually reduce the overall
performance of the inhaler by reducing the overall turbu-
lence levels. However, when powder was loaded inside the
capsule, additional strong initial capsule deagglomeration
was provided by the capsule that could far outweigh the
performance reduction due to reduced turbulence levels. The
initial capsule deagglomeration depends on the effects of
shearing agglomerates through the capsule holes and pre-
venting large powder agglomerates from exiting the capsule.
These effects were found to be strongly determined by the
size of the capsule hole, with the four 0.6 mm holes
significantly increasing the performance of the inhaler.

This study also showed that capsule-particle impaction is
a weak mechanism for deagglomeration. The potential role
of the capsule acting as a rotor to cause deagglomeration by
mechanical impaction is insignificant on the overall perfor-
mance of the inhaler.
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