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Pressurized metered dose inhalers (pMDIs) are drug delivery systems used for treating respiratory diseases. Droplet size and 
velocity are fundamental aerosol particle properties that significantly impact drug deposition efficiency in the lungs. In this 
context, modeling and simulation tools can assist in the study of inhalers by providing useful information to perform 
quantitative analyzes of their behavior.
In this work, a phenomenological model has been implemented in the environment gPROMS to simulate the formation of the 
spray in the pMDI, and the influence of the pMDI internal dimensions, environmental conditions and propellant properties (HFA 
134a) on the emitted drug dose fraction and particle size was studied. 
The mathematical model is formed by:
• The Clark's model (1991), to predict the mass, density, pressure, temperature and output flow of the metering and 

expansion chambers.
• The LISA model, to predict the median aerosol generated by the inhaler.

Profiles of the median diameter, mass flowrate, fraction of emitted dose and temperature of chambers and exit flow

Sensitivity analysis: change in the median of the particle size distribution for 10% changes in different model variables

Inhaler dimensions Ambient conditions Propellant properties

Mathematical model
• Implemented on gPROMS software
• System of algebraic and ordinary differential equations
• Metering and expansion chamber: Mass and energy
balances
• Mass flowrates leaving metering and expansion
chambers
• Isoentropic and biphasic flow inside the inhaler
• Flow regime at the orifice of the inhaler: annular liquid
film with vapor flow in the core.
• Droplets are generated due to ligament break up

Particle size distribution
Rosin-Rammler and Weibull functions that
minimize the mean square error between the
function and the experimental data were
adjusted, under the constraint of satisfying the
median distribution predicted by the Clark-LISA
model.
The Weibull function describes the fine and
coarse tail of the distribution better than the
Rosin-Rammler function.
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Conclusions References

1. The developed model allows predicting the velocity and particle-size
distribution of pMDI spray plume, up to an emitted dose of 95%.

2. Median distribution is mainly affected by changes in volume of the
metering chamber, ambient temperature and surface tension of
propellant.

3. The tools provided by gPROMS allow to study the aerosolization
behavior of pMDI. In addition, they allow predicting their behavior
against changes in the formulation of propellant.


