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Abstract

Obtaining a sufficiently high inhalable fradion for metered dose inhalers is essential in the design and
manufaduring of their atomizing devices and the crrespondng confinement and mouthpiece onfigurations. In
the aurrent investigation, the inhalable fradions of six different spray configurations were measured using a “two
stage twin-impinger (TIMP). The objedive of this gudy is to establi sh a technique to correlate the data obtained
by phase Dopper anemometry with the inhalable fradion results obtained by the TIMP. Three methods with
varied complexity of caculating weighted averages of Stokes numbers for the mouthpiece outlet sprays, were
adopted and high correlations values were obtained.

Introduction

“Space devices’ are chambers that are placead between the drug issuing device (MDI) and the patient’s
mouth. They are increasingly used in the treament of pulmonary diseases such as asthma [1], espedally for
children, [2], and [3], and those with poar inhalation technique, [4]. Spraying into the space before inhalation
attenuates the problem of the high velocity of the a@osol and gives improved droplet sizes distribution, thus
reducing the number of large particlesimpading in the mouth, [5]. Furthermore the use of a space increases the
respirable dose of fine particles (i.e. particles, small er than 5um, that read the bronchial tree), [6]. An objedive
of the present research is to investigate whether some of the advantages of the space can be obtained by suitable
design of a ammpada spray confinement chamber and mouthpiece integral with the aomizing device

Given the poa drug delivery of the pulmonary devices the prime objedive would be to enhance the
performance of delivery. This is done here by performing TIMP measurements of inhalable fradion and the
results are correlated with PDA measurements for the six confined spray geometries, [7], by using parameters
based on the Stokes Number.
Nomenclature

D droplet diameter
Dio numericd mean diameter
Axia component of the velocity
radial distance acossmouthpiece &it
density
dynamic viscosity
Stokes Number, egn (1)
bscripts
Air
liquid
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Apparatusand Procedure

The use of a spedally designed confinement chamber and use of a Dantec PDA system to oltain drop
information at the outlet of the mouthpiecefor a range of spray conditions has been described in [7]. A Glaxo
Twin-Impinger apparatus was used to measure the inhalation efficiency of six of the sprays. A brief acount on
the TIMP apparatus is presented below.

The ‘Twin Impinger’, [8], is atwo stage separation devicefor assessng the drug delivery from metered dose
inhalers and cther oral inhalation delivery devices. The discharged agosol is fradionated by firing through a
crudely simulated oropharynx and then through an impinger stage with an effedive mean aeodynamic particle
cut-off sizeof about 6.4 um (depending on the flow velocity). The fine fradion is colleded by alower impinger.
As down in figure 1 the upper portion (stage 1, encompassng sections B, C and D) represents the throat, whil st
the lower portion (stage 2, encompasses ®dions E, F, G and H) represents the rest of the respiratory system.



The then divides the dose emitted from the inhaler into the
non-respirable dose impading on the mouth and oropharynx,
which is swallowed, and the remaining respirable dose that
makes its way to the lungs. In normal use the emitted dcse is
drawn through the unit at 60 I/min, using a vacuum pump that
provides a uniform suction. Both stages use the verticd
impingement of the ar stream onto a liquid surface(the solvent
in the respedive chambers) to form a “trap” for spray droplets
which can then be removed for assy, using a
spedrophotometer. The sprayed liquid must be tagged with a
known concentration of marker chemicd, in order that the
spedrophotometer can be used to determine the volume
colleded in eat stage. The ae€osol depasits on three main
impadion surfaces: (1) the badk of the glass throat and (2) the
upper impingement chamber, colledively described as Stage 1,
(3) The lower impingement chamber which colleds the
remaining drug particlesi.e. the respirable dose.

The TIMP measurements were caried out under time-
varying “breahing’ conditions as described in [7] and were
repegded three times for ead spray, which showed
discrepancies less than 5%. The results presented in this paper
are the averages of the replicate measurements. The TIMP
measurements were made & different pek suction flow rates
and the data for 60l/min. are presented here becaise this is the
average person’s inhalation rate. The outlet plenum, described
in[7], was removed during TIMP measurements.
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Figure 1. Schematic representation
of Glaxo TIMP apparatus.

The PDA measurements were caried out, as described in [7], at Smm downstream from the mouthpiece it.
For the purpaose of correlating the PDA data with the cncentration in stage 2 of the TIMP, only the data between
-7 to +7mm from the &is of the mouthpiecewere mnsidered, the diameter of the mouthpiece &it being 14mm.

Results and Discussion

Figure 2 shows the results of the average TIMP concentrations for the two stages for 6 dff erent mouthpiece
spray cases with 2sec spray duration and 60L/min. pe&k air flowrate. The mouthpiece ad confinement chamber
configuration that produced these sprays have been described [7]. The highest second stage @ncentration was
measure for case 3 whilst the lowest was that of case 2. Thus case 3 provides an inhaled fradion of 42%

compared with 31% for case 2.
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Figure 2. Graphica representation of the percentage concentration in both stages of the TIMP

An objective here is to analyse the structures of the aeosols leaving the mouthpiecein order to attempt to
derive parameters based on these structures that are arrelated with the observed inhalable fradion. Examination
of the drop sizes, also shown in [7], indicaes that the differences between, say, cases 2 and 3 are small so that
the mean drop sizeis not a sufficient criterion for indicating inhalable fradion. Considering droplets of the same



size, bath their initial velocities, when leaving the mouthpiece and also the position at which they crossthe
mouthpieceoutlet plane, must affed the likelihood d the droplets entering stage 2.

Considering figure 3 a droplet leaving the mouthpiece & “A” may negotiate the upper stage satisfadorily,
leaving at point B. However the same size of droplet with a higher initial velocity, may impad the wall at B'.
Also the same size of droplet, at the lower velocity and passng through C, may have insufficient distance to
adjust to the streamlines and will impad on the wall at D. An obvious parameter to use for charaderising the
mouthpieceoutlet spray, is aform of the Stokes number, suitably integrated aaossthe mouthpieceoutlet.

The definition of Stokes number is the stopping distance for a single spherica particle injeded into ambient
gas, when the Reynolds number does not exceed of the order unity. The assumption is that higher values of this
parameter infer that a particle will have more difficulty in negotiating the pathways to the lungs, or at least to the
second stage of the twin impinger.

N =p, D?U /18y, (1)
Three levels of complexity were 0 0 . .

established in cdculating Stokes % / // A/'V'OuthIO'eCPﬁX't
number which are referred to as 22
method 1, 2 and 3 heredter. Asthe = /‘ 9
liquid and gas properties are D< — ¢ \
constants, the three methods of = .
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Method-1, is the simplest, the
values of D and U were cdculated
by averaging the vaues of the Figure 3. Drop paths in Twin-Impinger
number mean diameter D;g and the
average mean velocity U for 4sec of
outlet flow as explained in [9] at
ead radial position. A single value of Stokes number was then obtained for ead spray configuration by
averaging the different radial values.

Method 2, has an intermediate level of complexity, the Stokes number was cal culated taking into acount its
time dependency on the outlet spray, as this may vary significantly from case to case. The time varying values
of Dy and U, at ead radia paosition, were cdculated by passng a 100 ms time window through the data and
these were used to compute atime-dependant Stokes number. A charaderistic Stokes number was then obtained
by averaging with resped to bah the time and radial paositi on.

Method 3 was the most complex technique and this obtained a Stokes number for ead individua droplet
measured at ead radial position for a4secperiod at ead pasition.

The mntour plotsin figure 4 show the Stokes number time dependency for the six sprays using “Method 2'.
One can seethat the Stokes number (stopping distance) readies maximum values after about 2sec of the 4sec of
the inhalation time. It can be seen that case 3 has clealy the lowest values of Stokes number throughout the
inhalation period whilst case 1 has the highest pesk values, concentrated in a narrow central zone in the
mouthpiece This can aso be seen in figure 5 which show radial variations of Stokes number obtained by
Method 1. Figure 6 shows, visualy, the dea correlation between Stokes numbers, averaged using the three
different methods, and the inhalable fradion. The mrrelation coefficients (all with a negative wrrelation) are,
0.972, 0.981 and 0.930 for Methods 1, 2 and 3respedively.

To stage 2

Conclusions

The work reported has focused on establishing a method of correlation between Twin-Impinger inhalable
fradion deta and PDA data for an inhaler mouthpieceexit. This was possble using Stokes Number which links
the droplet diameter and velocity in one relationship. This has been done using three different methods and the
second method, based on both radial position and averaging time variation of Stokes number, is the most
acairate because it considers the time dependency of the combined diameter and the velocity. It is appropriate to
conclude, judging by the correlation fadors which are dose to unity, that the PDA and TIMP data correlate very
well and hence there is a routine established for further experimental work using either of the two
charaderisation methods. However a larger number of tests conditions should be analysed in order to establish
confidencein the methoddogy.



Time [sec]

Time [sec]

Acknowledgments

This work reported here is part of aresearch programme funded by Glaxo-Wellcome, (now Glaxo Smith Kline).

Case1l Case 2 Case 3

Case4 Case 5 Case 6

h
S
3

| AR RS RAALE ULRL) LAL) SUA) FRAR) LRLR! LALR) LLRLY CLAR) AN LARL Lk SO L) LA LA LAY LALR) RLALI RLALI LLLA) LRI LAY LA A Lk | T T T
7-65432-1012345677-6543-2-101234567-7-6-543-2-101234567

r [mm] r [mm] r [mm]

Figure 4. Contour plots of Stokes number for the six spray configurations computed using method 2
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Figure5. Radial variations of Stokes numbers obtained by Method 1 for the six cases

21
195
13
1.65
15
135

1.05
09
0.75
0.6
045
03
0.15
0



12 Method 1 45

1 B /\ - 40
0.8 \'/./. I i 3
. — c
= - _ S

- 25
E 06 B o E
& g
04 15 S
L 10 ©

0.2 &

0 0

Method 2

1.2 45

- 40

1 i /\ | x
\_/ \-/'/. X
_ 08 0 g
= _ 0 25 F
= 06 — — =
% I
] (]
04 15 S
+10 ©

0.2 15

0 0

12 Method 3 45

11— o
\-/l/. -3 X
_. 08 7 0 5
£ _ _ -5 F
= 06 — =
] — -20 ©
& _ S
04 15 =
0.2 ] 51)0 ©

O T T T T T O

Casel Case2 Case3 Cased4 Case5 Caseb

= Stokes Number —=— % collected in stage 2

Figure 6. Correlation between TIMP concentration measurement and Stokes Number using the 3 methods.



References

(4]
(2]

(3]

[4]
(3]
6]
[7]

8]

Kedeey, D., “Large volume plastic space: should be used more”, BMJ., 305, 598-599, (199).
O'Cdlaghan, C., Milner, A. D., and Swarbrick, A. , “Space device with facemask attachment for giving
bronchodil ators to infants with asthma”, BIJM., 298 160-161, (1989).

Conner, W. T., Dolvich, M. B., Frame, R. A., and Newhouse, M. T., “Reliable salbutamol administration in
6-36 month old children by means of a metered dose inhaler and agochamber with mask”, Pediatr.
Pulmonoal., 6, 263-267, (1989).

Shim, C. and Wiliams, H. M., “The aequacy of inhalation of agosol from canister nebuliser”, Am J. Med.,
69, 891-894 (1980).

Newman, S. P., Millar, A. B., and Lennard-Jones, T. R., “Improvment of pressurized aeosol deposition
with nebuhaler space device’, Thorax, 39, 935941 (1984).

Berg, E., “In vitro properties of presaurized metered dose inhalers with and without space devices’, J.
Aerosol Med., 8 (Supp 3, S3-S11, (1995).

Al-Suleimani, Y., Abduljalil, H. and Yule, A.J., “A novel spray confinement technique for medicd sprays:
detail ed investigative measurements of six geometricd configurations’, Proceedings of |LASS-Europe 2002,
Zaragoza(Spain), 9-11 September (2002.

Hallworth, G. W., and Westmoreland, D. G., “The twin impinger: A simple device or asesdng the delivery
of drugs from metered dose presarrized agosol inhalers”, Joural of Pharm. Pharmacol., 39, pp. 966972
(1987).



